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Preface 

The trend in recent years has been toward the production of printing 
inks composed of or containing substantial proportions of synthetic resins. 
The work at this laboratory inevitably led up the synthetic-resin trail. 
It was followed carefully, with the result that numerous compositions 
possessing novelty of constitution were developed. 

In casting about for treatises on the subject of printing inks, it was 
found that these were notorious because of their limited number. One 
of these was a book the second edition of which was brought out in 1933. 
That was some seven years ago, and it seems to us that the advances in 
the art of producing printing inks certainly demand revision or reissue 
of a book on the subject at lesser intervals than six years. 

The present book attempts to meet these difFiculties and to fill the 
needs of chemists who are groping for information on printing inks and 
are unable to find the sul)ject discussed in any comprehensive treatise 
dealing witli it in a modern way. A glance at the titles of the chapters 
of this v<dumc will indicate very promptly that the field covered by this 
text is a v<‘ry largi* one, and a similar brief inspection will show that the 
text includes the various applications of synthetic resins—such as the 
glycerol phthalio, urea-formaldehyde and the corresponding aldehyde 
(ierivatives of the phenols—in the production of inks ada}>ted for printing 
purposes. Of these there are so many kinds that it would be undesirable 
to attempt to list them here. 

Among other material which it is hoped will serve to promote a better 
understanding of the sui)j(cl, we have found it desirable to add a glos¬ 
sary which (leline.^ .-uch te rms frccjncntly used throughout the te.xt as may 
require explanation, not for the printer, but for the chemist or the man 
who is just beginning a study of printing inks and wishes to learn some¬ 
thing about them in the shortest possible time. 

Montclair, New Jersey 
March, 1940 Cauleton Ellis 
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Chapter 1 

Introduction 

To the chemist, perhaps more than to the layman, printing inks and 
coating compositions such as paints, varnishes and lacquers appear to be 
closely related. In each case the finished product consists basically of 
a pigment dispersed in a vehicle and there is hardly a compound employed 
in the manufacture of ])rinfing ink which has not, at some time, found 
favor as an ingredient of a paint or varnish. Moreover, tlie fundamental 
processes of the paint-inak('rs' art, grinding, mixing and the blending of 
colors, arc essential steps in the manufacture of printing ink. 

In spite of this, it is the rare (‘xception rather than the rule to find 
both ink and coating compositions being prepared in the same plant. It 
is true that many of the developments in printing ink can be traced back 
to prior practices which have been worked out for materials designed 
for application with a brush. Nevertheless the two fields present their 
peculiar difficulties and requirements, and the fact that a material has 
.«^hown promise in one does not mean that it will be equally satisfactory 
in the other. 

The explanation, of course, lies in the different methods by which 
inks and paints arc applied. The question is not one of mere mechanical 
operation however; there is a great difference between the pigmented mix¬ 
ture which will handle well on a brush and the ink which is coated on 
type in extremely thin layers and then transferred to paper under heavy 
pressure. A jiound (»f g(u»d quality lacquer which possesses a high degree 
of covering power will coat approximately one hundred square feet of 
surface, while the same quantity of cheapest printing ink must be capable 
of covering at least one thousand square feet. For this reason a pigment 
which gives excellent results in paint may be worthless in the prepara¬ 
tion of colored inks. A well-known example of this is Venetian red 
which produces blotchy, uneven presswork, but is a common ingredient 
of fine paints and lacquers. Because of tliis, the author's previous work 
on synthetic resins^ was restricted primarily to applications in tlie field 
of molding and coating compositions, althougli many of the materials 
described have been adopted by tlie printing ink industry. 

In discussing any printing ink, consideration must be given to two 
factors, first, the method of a]>plioation, and secondly. \ho character of 
the surface on wliioh the wnik is to Ix' (huie. .\n ink wliieli gives excel- 

> Carlcton Ellia, “Tho of Svnthctic Rrsui.v,” in.ulu^ld PublishioR Coip . New York, 
1935. 
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8 PRINTING INKS 

Courtesy P. A. S^u^olm (photographer) 

Figure 1. Mural Depicting the Printing Industry (Cincinnati Union Terminal). 

lent results in printing from a raised surface will usually be totally 
unsatisfactory if the transfer is to be made from an engraved plate. 
Similarly, if the ink is compounded to dry by absorption of the vehicle 
in a soft paper, it will be worthless for work on a hard-finished surface. 

It is not the purpose of the present volume to present an exhaustive 
study of the mechanical problems of the printing industry, but the funda¬ 
mental differences between the three branches of the art, typography, 
intaglio printing, and planography, are so important to one interested 
in the preparation of inks that the description given in the following 
paragraphs is necessary. 

The process of letter-press printing or typography consists of taking 
an impression from a raised, pigmented surface. For this reason the 
term ^‘relief printing^' is frequently applied to this branch of the art. 
This definition is broad enough to include reproduction from type, line- 
etchings, half-tones, or even the familiar rubber stamp, and of course 
includes by far the greatest part of all commercial work. 

The second general classification, intaglio printing, springs from the 
use of an engraved or incised plate, on which the ink to be transferred 
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is found in the depressed, instead of the raised, portions of the surface. 
The processes generally associated with this type of work, copper-plate 
engravings, etchings and mezzotints, are seldom used where cost is an 
important factor because of the expense entailed, but rotogravure print¬ 
ing, which employs recessed plates, has found widespread use because of 
the photographic quality of the prints. Even though rotogravure has 
found its way into the Sunday supplements of our great newspapers, it 
is still the most expensive form of reproduction which involves the use 
of a single color. 

Relief and intaglio printing both involve the use of a plate with con¬ 
toured surface; in the former the ink is carried on the elevations, and 
in the latter in the depressions. The third group, planographic printing, 
utilizes, as the name implies, a plane or level plate which in the earlier 
forms was generally of stone, resulting in the term lithography. All such 
methods depend upon the fact that winter and oil are repellent to each 
other and if parts of a slightly absorbent surface, such as stone, are 
moistened with water, it will not be possible to make an oily ink adhere 
to the dampened areas. Taking advantage of this fact, a design may 
be drawn on stone or other material of the same characteristics in greasy 
ink or varnish and the balance of the surface moistened. When this has 
been done, an inked roller may ho passed over the work as frequently 
as necessary and will transfer only to the undampened portions of the 
stone. In effect the moistened parts of the lithographic stone correspond 
to the recesses of the typograpluc plate. In recent years the develop¬ 
ment of offset printing, a form of ])lanography, has given new' impetus to 
this branch of tlie art which w'as suffering from the rapid advances in 
intaglio and relief w'ork. 

Although the stnictural details of the equipment used in the execution 
of these three processes are of only academic interest to the chemist 
concerned witli inks, it wdll be apparent that the three basic methods 
of printing differ essentially because of the plates from which the impres¬ 
sion is taken. Since the characteristics of an ink wdll be governed by the 
plate on w'hich it is to be used and the way it wnll be applied, the follow¬ 
ing more detailed description of the three processes, their characteristics 
and limitations, and the types of wmrk to which each is best suited will 
be given. 

Rklikf Printing Processes 

Any attempt to trace printing methods leads inevitably to China 
where w'ood-block printing had achieved the status of a w'ell-knowm art 
in the Tang dynasty about 1000 A.I). It is believed that the Pekin 
library contained over fifteen thousand volumes at that time wdiich had 
been reproduced from w'ood blocks, and some authorities state that print¬ 
ing was originated in China in the first century before Christ. While the 
art of engraving a single w’oodcn block wdth characters and printing from 
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this had reached a high state of perfection in the Orient centuries before 
Gutenberg or Caxton, the enormous number of characters, upwards of 
ten thousand, which were necessary for reproducing even the most ordi¬ 
nary Chinese writings practically prohibited the use of movable type. 
While Pi Sheng printed a small number of pamphlets from individual 
wood blocks carrying only a single character, it does not appear that his 
process was ever widely adopted. 

Apparently printing from wood blocks, xylography, developed in 
Europe independently of the Chinese and there is no evidence that the 
Western craftsmen had any knowledge of the earlier practices. It is 
believed that William the Conqueror had his monogram cut in wood 
and that the wax seals of the day were impressed with these blocks, and 
while almost four hundred years were to elapse before tlie publication 
of the printed book, it nevertheless was a first step along the road. 
Printing from carved wood blocks was evidently first used as a means 
of ornamenting cloth in the twelfth century, but it was not until two hun¬ 
dred years later that it was found that letters, words and illustrations 
could be duplicated by this process on sheets of paper. Crude as the 
method was, for no press was employed, it was still a gn^at improvement 
in that an artisan could make several copies of text while an educated 
scribe was writing one. 

The woodcut of that time was similar to those used to<lay in that 
the letters or lines to be printed were raised, the balance of the material 
being cut away to prevent contact with the paper. However, in lieu 
of a press the printer coated the raised portions of the block with 
moistened pigment and then, after placing a piece of damp paper on 
this surface rubbed the back of the sheet until the impression was trans¬ 
ferred. It was characteristic of this process that only a single side of 
the paper could be printed, as the inks of that day would be hopelessly 
blurred by nibbing, although in some instances the blank faces of two 
leaves were pasted together, giving the appearance at first glance of 
a sheet printed on both sides. While the method may have been primi¬ 
tive, it had the advantage of simplicity, and any artisan who had a stock 
of wood blocks and paper could print books and briefs, as single sheets 
were called. Consequently the middle of the fourteenth century saw 
printing from woodcuts a flouri.««hing industry. 

It would be inappropriate to burden this book with an elaborate 
account of the controversy as to who invented the process of printing 
from movable t3rpe. Many scholars who have studied the matter care¬ 
fully incline to give the credit to Lourens Janszoon Coster of Haarlem 
as against Johann Gutenberg of Mainz, who is still generally given this 
distinction. For a long period of time it was thought that the latter 
was first in the field but considerable doubt has arisen since the discovery 
that Bodmann, a librarian at Mainz and one of Gutenberg^s most ardent 
supporters, did not hesitate to forge documents to reenforce his case. 
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Many of the most convincing records were ‘discovered” at Mainz in 
1740, almost three hundred years after Gutenberg^s death, but within 
a short time after his priority was first seriously questioned. Even the 
famous “Gutenberg” or Mazarin Bible of 1456 may be the work of 
another printer, Schoffer, who was probably in partnership with Fust, 
Gutenberg^s former financial backer, who took legal proceedings to secure 
the return of his money in 1455. 

Coster is known to have been a printer from wood blocks and tra¬ 
dition says that the idea of printing from movable type occurred to him 
when he explained the process, as it then existed, to his children by cut¬ 
ting several small blocks, each carrying a single letter and impressing 
them, one by one, on paper to form words. Documents which are 
believed reliable indicate that Coster printed by means of movable metal 
type in 1440 or 1446. However, as recently as 1900, the approximate 
five-hundredth anniversary of Gutenberg’s birth, nation-wide celebrations 
\vere held in Germany and the world-famous museum at Mainz contain¬ 
ing a most complete collection of historical exhibits was named in his 
honor as the inventor of printing from movable type. The dispute over 
priority has continued for hundreds of years and probably will not be 
settled for some time to come, if ever, but the passage of time and 
researches bv several historians ^ appear to strengthen Coster’s case. 

Printing from movable type spread rapidlv throughout the Continent 
and the decade after 1460 saw printing offices opened in Strassburg, 

Cologne, Home and Venice. Within thirty years there was hardly a towm 
in Europe which did not maintain at least one press. 

It is interesting to speculate as to the evolution of type, for it is cer¬ 
tain that much effort and experimentation must have been expended to 

bring the first hand-carved wood blocks to the present metal tvpe. Chief 
among the problems which were encountered in devising a usable movable 
type was the difficulty of manufacturing all the type with the same 
height so that each letter would contact the surface to be impressed. It 
seems probable that the first solution w’^as found when the wooden blocks 
were drilled wnth holes spaced at identical distances from the surface of 
the letters and were then strung together on cords to form a line. By 
locking these lines of type in a form with the printing faces resting on 
a plane surface it w^as found possible to have all the letters touch the 
paper to be printed in spite of the variations in height of each piece 
of type. There is no doubt that some degree of discrepancy in size was 
unavoidable with the tools and equipment of that day. 

Pl8, “Out4jnbcrtr. Was He the Inventor of Printintry* R Quarlteh, London. 1^. 
"Tlanrlrm, the Birthplnpe of Printing, not Mainz. K. Stock * Co . T.on.Jon. IJW. 

•’•Fr^tjirhrift tiito ftinnuin<!ortiBhriKtm Geburtsta^ von Johann Gutenberg, Koinmis- 

*J. H. Hwwels, 
J. H, ITeaffcIs. * ... ... #-,1. * . 
O. Hnrtwig. "Fwt^iehrift tuto funnuin<!ertjBhngen Geburtstag 

•ionnveriag U. O. Hamuwowit*,** 1900. , 
A. Borekd. “Gutenberg und seine beriaimten Nachfolger un ersten Jahrhundert der T>'pog- 

raphi*' “ Frankfort. 19^. . i »# 
P. Srhndder, und wine Drucker,** 1900. 
J. 11. HeweU. “The so-eallH Gutenberg DocumentJ*. I.ondon, 1910. 
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Considering the centuries which had been required for the develop¬ 
ment of movable wood type from a single wood block carrying all the 
characters necessary to reproduce a complete page, the use of metal type 
followed wooden type in a surprisingly short time. As a matter of fact 
Schoffer’s ‘‘Grammatica vetus Rhythmica” of 1468 carries the notation 

am cast at Mainz,” which in all probability refers to the method of 
manufacture of the type. Probably also the type was cast in sand molds 
for this art was certainly well known to the metal workers of that day. 
If sand was the medium employed, this would account for the slight 
variations in letters which were undoubtedly molded from the same 
master pattern, as the rough surfaces of the cast type would have been 
finished by hand to yield smooth surfaces and clear outlines. It was 
characteristic of the earliest work that each printer was his own type 
founder, and the styles of type were almost as typical of the individual 
artisan as was his own handwriting, although in general the characters 
were patterned as closely as possible after the manuscripts of the locality. 
Indeed the unavoidable unevenness of line of the manuscript was imitated 
by the first printers and it was not until the last part of the fifteenth 
century that type was set in straight lines instead of being deliberately 
misaligned. 

Coming to comparatively recent times we find that type was manu¬ 
factured from a set of carefully machine-hardened steel punches whose 
faces were identical with those of the type which was to be made from it. 
One punch was necessary for each character of every font and by forcing 
the punch into a block of polished copper, a matrix, or recessed impres¬ 
sion of the letter, was obtained. Until the middle of the last century 
all type was produced in small hand molds using such matrices. These 
laborious methods have been entirely supplanted by automatic rotary 
type casting which employs a form of die-casting, and a single machine 
is now capable of producing upwards of 60,000 pieces of type per hour. 

Stereotyping and Electrotyping. It is curious to find that with the 
perfection of movable type the wheel of development had made a com¬ 
plete revolution. Individual pieces had made it possible for the printer 
to use the same type for many different jobs, but we find today that 
most newspapers and magazines are printed from plates in which all 
characters and illustrations are cast in a single piece. There are several 
reasons for this. Modem rotary presses run at terrific speeds and it is 
almost impossible to lock up a page consisting of thousands of pieces 
of type or even hundreds of linotype slugs so that no unit will be dis¬ 
placed by the centrifugal force of the revolving drum. Secondly, modern 
newspaper work, particularly in the large metropolitan dailies, requires 
that the same page be printed on several different presses at the same 
time if the paper is to be completed on schedule, and obviously a page of 
type can be in only one machine at a time.® Still another reason is found 

* ‘‘New*/’ The New York Time* Compuny, New York, 1037. 
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Courtesy P, A, Xyholm (photoffrapher) 

FKiViiE 2. Mural Dciiiding Iho Printing Industry (Cincinnati Union Terminal). 

in the case of an advertisement, which is to appear simultaneously 
throughout the country in many different papers or magazines; it is most 
desirable that the insertion be identieal in every case. If the advertiser 
should merely send the manuscript to each printer he would probably 
find that no two copies were the same in all details.* It is for this reason 
that the adverti.ser will usually make up electrotypes of the copy in the 
form which he desires and then distribute these identical pistes to all 
papers. Lastly, if the reproduced printing surface is injured in handling, 
it is not a serious matter, since other electrotypes or stereotypes can 
be made from the original without great delay. 

Of the two processes for the reproduction of a printing surface from 
the original type, electrotyping, as compared with stereotyping,. is the 
more costly and more time-consuming, but is capable of producing a 
larger number of sharp impressions. 

Stereotyping consists essentially of casting a metal sheet whose sur¬ 
face is identical with the type from which it was taken. The first pro¬ 
cesses wore carried out by impressing the type in clay which was later 

• C. U. (IniT, iuid lU« Mechanical Protluction,” Thninas Y. Crowell Company, 1931. 
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baked and used as a mold into which molten metal was poured. Rotary 
presses, however, require a curved plate and clay docs not lend itself 
to this form; consequently papier-mache, which may be readily bent to 
assume any shape, is generally used today. In this process the moistened 
sheets of thick, soft paper, which are capable of withstanding a high 
temperature, are placed over the assembled type and pressed under heavy 
rolls. Immediately thereafter the paper matrix is dried in ovens of pro¬ 
gressively higher temperatures and then fitted into casting boxes which 
are of the same curvature as the rolls on which the plates are to be 
clamped. The metal, which is somewhat softer than tliat usually used 
for type, is sprayed into the box from a number of small jets and the 
casting is almost immediately removed and, after water cooling, is 
trimmed to size, when it is ready for use. Some appreciation of the speed 
at which these steps are carried out in modern practice may be gained 
from the fact tliat the finished plate may be produced, ready for service, 
four minutes after the papier-mache is first laid on the type. 

Electrotyping is used when it is desirable to produce several plates 
from the original type or linotype slugs. In this process, as in stereotyp¬ 
ing, an impression of the surface is made, but here the medium is wax, 
though resinous compositions and lead also are utilized.** The impressed 
mold is made conductive by a coating of graphite. The wax and res¬ 
inous molds then are treated with aqueous copper sulphate and iron to 
form a thin coating of copper on the mold. Subsequently a layer of cop¬ 
per is deposited upon the surface electrolytically, resulting in a metallic 

sheet whose surface corresponds to that of the type from which the 
impression was taken. With lead molds, a thin layer of oxidizing solu¬ 
tion is placed upon the lead ernface before plating the latter. When 
a harder shell is desired, the mold is plated with nickel or chromium 
before the copper plating is applied. The plated shell is stripped from 
the mold, and reinforced by casting lead as a backing, tinfoil being used 
as a fiux. The electrotype, as the finished plate is called, is mounted on 
a block of wood so that the whole is type high. If a rotary press is to 
be used, the metal plate is curved to fit the cylinder exactly. 

Typographic Reproduction of Illustrations. By the time Columbus 
made his first voyage to the New World, printing was a well established 
art. It is difficult to realize today that up to the date of the American 
Civil War virtually the only method of reproducing illustrations by typo¬ 
graphic means was through the medium of a wood cut, which was the 
predecessor of printing from movable type. Photoengraving, a term 

which includes both line etchings and half-tones, is based upon the dis¬ 
covery by Mungo Ponton, about 1840, that exposure to light would con¬ 
vert a mixture of albumin and potassium bichromate from a soluble to 
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an insoluble form. All modern processes for the reproduction of illus¬ 
trations without the intervention of a human agency stem from this 
development. 

Although the woodcut is seldom seen today in commercial publica¬ 
tions, it is still a most effective device in the hands of an engraver who 
is skilled in balancing the brilliant contrasts which are characteristic 
of this type of work. A further advantage lies in the fact that the artist 
may reproduce the illustration in the way he desires, regardless of the 
actual form of the subject. This advantage becomes a disadvantage, 
however, when the purpose of the illustration is to serve as an accurate 
factual record. Furthermore, the time involved in the execution of a fine 
woodcut is so great that competition with photoengraving is out of the 
question when speed of manufacture is a factor to be considered. These 
limitations restrict the woodcut of today to a small field where artistic 
appearance is a prime requisite, where leisurely production is not impos¬ 
sible, and where a premium will be paid if the finished work is distinctive 
and appealing. 

Even the process of wood-engraving has been changed in compara¬ 
tively recent years however. Today the design is drawn, not directly 
on the surface of the wood, but on a separate sheet and then transferred 
photographically to the sensitized face of the block. The actual cutting 
of the material, nevertheless, is still a hand operation in which every¬ 
thing depends on the skill of the artisan. Errors or mistakes in the 
engraving process are serious, since the wood cannot be repaired, and 
generally it is necessary to discard the piece and make a fresh start. 

Practical considerations, therefore, compel the use of photomechanical 
processes for usual commercial work, and of these the line etching and 
lialf-tonc arc most popular, although mention must be made of the swelled 
gelatin process and typographic etching. 

It is couuuon knowledge that the line etching produces, as the name 
implies, a print which is made up of lines or pigmented areas with lighter 
spaces between that aie free from any shading. The half-tone, on the 
other hand, may be broken down into a large number of dots which, 
in the heavily shaded portions, are of relatively large size and predomi¬ 
nate over the intervening white spaces, and are proportionally smaller 
in the lighter parts of the illustration. A half-tone depends on variations 
in shading to produce its effect; the darkest areas are never entirely 
black, and the lightest sections are at best an extremely light gray. This 
is to be contrasted wdth the line etching where there is no shading what¬ 

soever, except as it occurs from the arrangement of the lines, and any 
part of the print is entirely white or completely black. As a consequence 
of these differences the line etching is ideally suited for the reproduction 
of |)en and ink drawings or similar work wdiich is free from shades. On 
the other liand, a half-tone is best fitted for work which consists wholly 
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of variations in depth of color, and is at a disadvantage if the subject 
consists of lines or lettering, because of the loss in clarity. Of the two 
processes line etching or zinc etching, as it is frequently called, is the less 
expensive. 

In either process the starting point is a negative of the illustration, 
drawing, or photograph which is to be reproduced. The negative, in the 
case of a line etching, must have been previously reduced to the exact size 
of the zinc plate upon which the etching is to be done. The plate is then 
sensitized in a darkroom with a mixture which generally consists of 
albumin and ammonium bichromate. The negative is then laid over the 
metal and exposed to a strong source of light, thus converting the exposed 
portions of the coating to a film which is insoluble in water. After wash¬ 
ing in water, tliereforc, the zinc is only partially coated, those areas of 
the plate which are not intended to print being bare metal. The accui’acy 
and clarity of the reproduction may be readily judged if the sensitizing 
medium is pigmented either before or after application to the plate. 
When this is done the exact design is clearly indicated, after washing, 
by the remaining colored coating. While the lines of insoluble film on 
the zinc provide a certain degree of protection, it is not sufficient to resist 
the acids which are employed in etcliing. The usual expedient is to dust 
the surface of the plate with powdered asphalt or similar bituminous 
material which will adhere to the somewhat sticky surface of the remain¬ 
ing albumin but may be readily brushed from the bare metal. By heat¬ 
ing to a moderate temperature the asphalt is fused into an impervious 
coating for that portion of the metal which will eventually be in relief. 
The zinc plate, after the back has been protected, is now placed in a bath 
of dilute acid for its first etching, generally requiring about half a min¬ 
ute. If the metal is exposed to the acid for too long a period of time 
there will be a tendency to undercut the lines and greatly weaken the 
strength of the printing surface. To prevent this, after the process of 

etching is partially complete, another dusting of asphalt is applied, not 
only to the previously protected areas, but also extending down the sides 
of the lines which have been newly exposed. The subsequent etching 
will not eat away the vertical sides, which would frequently cause the 
portions in relief to chip and break at the edges. The coating and etch¬ 
ing operations are repeated until the depth of cut is sufficient to pro¬ 
vide a clearly outlined printing surface. Generally this may be accom¬ 
plished by four or five repetitions of etching, and any additional metal 
which must be removed in the valleys between the lines is usually cut 
out mechanically by a routing machine. After cleaning, the plate is 
mounted on a wood block to bring it to the correct height and is ready 
for use. It is apparent from this description of the process that no shad¬ 
ing or gradation of color can be obtained by a line etching. If the original 
negative was sufficiently light at a given point to render the sensitized 
coating insoluble, that point will not be alTected by the acid treatment 
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and will print solid black. If the negative was too dark to prevent the 
formation of the protective film, the [irints taken from the plate will be 
entirely free from ink in that area. 

On the other hand, if a drawing which is made up simply of solid 
black lines on white paper is reproduced by means of a half-tone, it will 
be found that the lines as printed are a group of dots and that the “white’^ 
portions of the work in reality also contain the same dots although, 
because of their much smaller size, they are not readily apparent except 
upon close examination. As a matter of fact, there are just as many 
dots in a unit area of tlie lightest portions of a half-tone as in the darkest 
parts. The seeming difference in depth of shade is due to variations in 
the proportion between the area of the pigmented dot and that of the 
surrounding paper. 

In the early stages of manufacture, both the line etching and the half¬ 
tone engraving are taken from a negative which is reproduced on a sen¬ 
sitized metallic plate. There is one most important difference, however; 
the negative for the half-tone is made up of a large number of dots of 
varying size, while that which is used for line engraving is an unbroken 
blend of lights and shadows, in other words, the usual photographic nega¬ 
tive. The dots on the half-tone negative arc obtained by placing a screen 
immediately in front of the film or plate in the camera to break up the 
image. This screen is made up of two sheets of glass, each carrying a 
series of equally spaced, paralkd, diagonal lines, which are cemented 
together with the lines of one plate at right angles to those on the other. 
Because of this intervening screen, the negative is exposed to regularly- 
spaced points of light which vary in intensity according to the depth of 
color of the subject. The ri'sult is a corresponding group of dots on the 
sensitized coating of the plat(‘, usually of copper in the case of half-tones, 
which are rendered insoiul)le in varying degrees. The number of dots 
per s(iuarc inch is dependent on the spacing of lines on the screen and 
will vary according to the i)aper on which the printing is to be done. 
Fifty lines per inch is the minimum number which will give a clear illus¬ 
tration, and this is gimerally used only in newspaper work because of 
the roughm^ss of the paper. With such a screen the individual dots are 
clearly distinguishable. One hundred and twenty lines per inch is the 
number commonly used for the better grade of commercial work where 
some degree of detail is necessary. Screens of this fineness require a level 
or even surfaced pajiiT as the plate is only permitted to touch the paper 
lightly during the printing. Heavy pressures, although entirely satisfac¬ 
tory with a line cut, cannot be used without blurring the reproductions 
from a half-tone. JScrcens with as many as four hundred lines per inch 
have been made, but these have limited commercial use because of the 
delicate treatment retjuired in manufacture and printing. 

The sensitized copper plate, after cxiiosure, is washed in running 
water to remove that portion of the coating bet ween the dots which was 
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protected by the screen lines from that rendered insoluble by the 
effect of light. It is then customary to dip the plate in dye which colors 
the remaining coating, usually a mixture of ammonium bichromate and 
glue. The insoluble coating is then heated to make it still more acid- 
proof and the unprotected copper surface is removed, either by etching 
in acid or by using the copper as one of the plates of an electrolytic cell. 
The latter process is more readily controlled and gives more uniform 
results. Since much less metal is removed from a half-tone than from 
a line etching, a single bite is all that is usually necessary. However, if 
a large part of the plate consists of a light background, the contrast can 
be increased by coating the darker portions of the plate with a protective 
film, either of enamel or of a bituminous material, and then re-etching. 
After cleaning, the half-tone plate is cut to size and mounted on a wood 
block in the same manner as a line cut. 

A third method of making typographic plates by photographic means, 
the swelled-gelatin process, is little used in commercial practice, but will 
be described since it illustrates a different means of obtaining variations 
in shading. The principle involved is that a sensitized film of gelatin 
and potassium bichromate will swell when immersed in water, the increase 
in volume being proportional to the brilliancy of the light to wdiich it 
has been previously exposed. This fact has been put to commercial use 
by employing such a mixture as the coating on a camera plate and then, 
after the exposure has been made, soaking the plate in water in a dark¬ 
room. Those parts of the sensitized coating which have received the 
greatest amount of light will swell the least and the dark areas will be 
raised perceptibly, giving a contoured surface. A plaster cast is then 
made of the gelatin and this in turn is filled with wax to yield a replica 
of the original plate. By coating the wax lightly with a conducting mate¬ 
rial such as graphite an electrotype may be made in copper which carries 
the lines of the original drawing in varying degrees of relief. The high¬ 
est portions of the electrotype will receive the maximum quantity of ink 
during printing and will contact the paper with the greatest pressure, 
thus leaving the darkest impression. The lower printing surfaces will 
still touch the paper but will yield a somewhat lighter line. 

This method is best adapted to stipple work or the typographic repro¬ 
duction of steel engravings, and its advantage lies in the fact that varia¬ 
tions in depth of color of the lines of the original drawing may be 
reproduced. However, the cost of the process, which is several times that 
of a half-tone, has prevented its widespread use excei)t in the highest 
grade of work. 

It will be apparent that relief printing may utilize plates of very 
different physical characteristics and that the nature of the printing sur¬ 
face must be considered in the selection or compounding of ink. Further, 
the paper which is best adapted to one type of plate may be most unsat¬ 
isfactory with another, and the ink and paper must be suited to each 
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other if the best results are to be obtained. The characteristics of inks 
which are suitable for typographic work will be compared with those 
designed for intaglio and planographic printing in the latter part of 
this chapter. 

Intaglio Printing Processes 

Intaglio printing or engraving is characterized by the use of a plate 
in which the lines and figures to be reproduced are depressed rather 
than raised, as is the case in typography. This general classification 
includes not only copper plate and steel plate engravings, but also mez¬ 
zotints, etchings, and the commercially important rotogravure. In each 
case the process depends upon the use of an ink which has greater affinity 
for paper than for metal so that it may be drawn from the depressions 
in the surface of the plate. From this it will be seen that wood ''engrav¬ 
ings” are a misnomer in the sense that the word is used here, as the 
ink is deposited on that i)ortion of the block which is in relief. 

The advantages of the use of engraved plates are well known. No 
other method can equal intaglio printing in clarity and delicacy, and 
since the layers of ink which are transferred to the paper are of con¬ 
siderable depth, high degrees of opacity and contrast may be obtained. 
Artistically, it is important that finer lines may be obtained from an 
incised plate than in any other way, the reason being that in relief print¬ 
ing the printed image is always slightly larger than the surface from 
which the impression was taken. This is due to the fact that, no matter 
how carefully the pressure is controlled, a small amount of ink is squeezed 
from between the type and paper. In the case of intaglio work, where 
the width of the line is never any greater than that of the cut in the plate, 
this cannot occur. When reproducing fine lines and delicate shading this 
becomes a consideration. 

A brief description of the mechanics of copper plate engraving will 
provide a basis with which other intaglio processes can be compared. 
Since copper is a relatively soft and ductile metal, the number of copies 
which may be pulled from a single plate is limited to a few thousand 
impressions. After this the edges of the engraved characters lose their 
sharpness, and the clarity of the print is impaired. However, for many 
forms of letterhead, social stationery, and similar productions, this limi¬ 

tation is not a serious disadvantage. 

The first step in the process is to cut upon the plate, in reverse, the 
figures which arc to be reproduced. There are several methods of engrav¬ 
ing the metal, but the simplest and the oldest is line engraving in which a 
btuin, a steel tool with much the appearance of a chisel, is used to gouge 

out the lines. There are many other methods of preparing the plate, 

which will be described in some detail since they yield entirely different 

effects. 
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The incised plate, which is usually less tlian an eighth of an inch in 
thickness, is next cemented to the bedplate of the press which slides so 
that it may be passed under a roller that will bear upon the plate with 
considerable pressure. The entire surface of the plate is then coated 
with ink by a suitable applicator, after which it is wi[)ed and polished 
with cloth or paper so as to remove all i)igment from the surface of the 
metal which will come in contact with the sheet that is to be printed. 
When the raised areas of the plate arc entirely clean, a moistened piece 
of paper is laid over the engraved copper and is forced against the plate 
by the pressure roller under which the bed-plate is pas.scd, thus trans¬ 
ferring the ink to the paper. When the paper is removed, the cycle of 
inking, cleaning, and printing is repeated. Much has been done in 
recent years to expedite the process but, although all these operations 
may be performed automatically today, the nicety of workmanship which 
is essential to ever>' step will prevent it from ever competing with typo¬ 
graphic methods wherever cost is the chief consideration. 

The engraved plate itself, which is the heart of the intaglio process, 
has changed but little from the earliest days, although various new meth¬ 
ods have been developed from time to time for its preparation. It is 
believed that the germ of the idea came from the craftsmen of Italy, 
who, in the fifteenth or sixteenth century, were engaged in ornamenting 
metal surfaces by engraving. Since it was difficult to see the lines which 
had been recently made and to judge their width and depth in the freshly 
cut metal, they were filled with an enamel or a pasty pigment which 
had some resemblance to an ink. This would provide a (‘ontrast which 
enabled the artisan to see the design more readily. It was on such a 
pigmented plate that some nameless goldsmith pressed a sheet of paper 
and obtained the first intaglio print. Even the first artist to use the 
method and obtain general recognition is unknown and, although his 
work shows evidences of a w(‘ll developed technupie, he is referred to 
simply as “The Master of 1466.” 

The history of intaglio printing is a s(*arch for artistic, not commer¬ 
cial, advantage. The first mezzotint was made about 1650 and provided 
a medium for the accurate expression of shades and tones. In the prepa¬ 
ration of a mezzotint the polished sheet of copper is worked with a “rock¬ 
ing tool,” a curved steel plate which carries raised, parallel, knife-like 
lines. These cutting edges arc spaced closely together, sometimes as 
many as one hundred and twenty to the inch. By rocking the tool back 
and forth across the copper a large number of parallel lines are impressed 
in the surface and when this has been done in several directions, so that 

the metal is completely roughened, the “ground” has been formed. If 
the plate is smeared with ink at this point, wiped and pressed on a sheet 
of paper, the reproduction will be uniform and almost completely black 
because of the pigment retained in the closely spaced depressions. Varia¬ 
tions in tone are obtained by removing more or less of the burred sur- 
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face from the plate by scraping. If a portion of the plate is carefully 
scraped away so as to leave a smooth surface, no ink will be retained in 
that area after wiping and therefore it will print as white. By varying 

the amount and manner of the scraping infinite variations may be had. 
As was the case with wood block engraving, mezzotints were almost com-* 
pletely abandoned with the perfection of photoengraving, but the art 
has been revived in recent years. 

In etching, the metal is removed by acid, not with a cutting tool. 
The usual procedure is to coat the surface of the plate with a layer of 

wax blended with mastic to impart a degree of adhesion to the metal. 
The coating may be applied by a roller, in the form of a solution, or by 
rubbing the surface* of the lu‘ated plate with a cloth which has been 

Figure 3. Diagrammatic Sketch of (he Three Main Divisions of Printing. 
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wrapped about a ball of the wax. While the protective film should adhere 
to the copper with sufficient tenacity to prevent the acid from working 
between the two, it should be possible to remove the wax cleanly by 
means of the etching needle so that the bare metal will be exposed. 
•After the design has been scratched in the wax, the lines are cut in the 
plate by exposure to the acid, forming the ink-carrying depressions. 

The preparation of a plate by any of these methods calls for a high 
degree of skill; in fact the plate itself is the medium of expression for 
the artist. Consequently such processes are little used in commercial 
work because of the very high costs involved. 

In the field of relief printing, the development of photography made 
possible the half-tone plate. Similarly, in intaglio work, the various 
photogravure processes, which are of great importance, are based upon 
the use of a sensitized film which permits an accurate reproduction of 
the original subject. The term ^'photogravure” covers all methods of 
preparing a plate for intaglio printing by photographic means, and the 
most important branch of the art is rotogravure which employs a curved, 
etched copper plate adapted to use on a rotary press. Because of the 
soft, photograph-like quality of rotogravure work, this method of print¬ 
ing is widely used for newspaper supplements, catalogs and similar publi¬ 
cations. The process is of especial interest to the manufacturer of print¬ 
ing ink because its peculiarities are reflected in the compounding of the 
ink. 

Although rotogravure is the most popular form of intaglio printing, 
the photogravure process will be described first since the former process 
developed naturally from it. In all intaglio proce.s8e8 it is necessary to 
form a “grain” on the surface of the plate which will serve to hold the 
ink. In the case of the earliest photogravures this was accomplished by 
allowing a cloud of extremely finely powdered asphalt to settle in a thin 
film on the plate. The metal is then gently heated so as to make the 
particles adhere to the surface, hwi overheating must be avoided as this 
would liquefy the bituminous material and cause it to run together, form¬ 
ing an unbroken coating. When properly treated, the plate is partially 
covered by innumerable, uniformly-spaced, small granules of a.sphalt. 
A sensitized film of gelatin and potassium bichromate is then coated on 
the prepared surface in a darkroom. When this has been done the coated 
plate is placed behind a transparent positive of the image to be repro¬ 
duced and exposed to a strong light which converts the sensitized gelatin 
to an insoluble form in those portions of the plate which are to print 
most lightly, that is, the highest points of the metal. Even those areas 

on the surface which correspond to the darkest sections of the print are 
partially protected by particles of asphalt. Consequently when the plate 
is etched, after the soluble parts of the film have been washed off, these 
surfaces are not entirely removed. 
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The early photogravure process provides an interesting contrast with 
the modern method of preparing half-tones for relief printing. In the 
former the darkest areas are the deepest, in the latter the highest. Both 
are dependent on the use of a coating of bichromated gelatin, but in the 
former the insoluble portion protects the light areas, in the latter the 
dark. Similarly the darkest sections are not completely black in either 
case, but in the former the grain is procured by the dusting of bitumen 
while a screen is used in the preparation of half-tones. 

Photogravure, as previously described, is available only for work 
where expense is a secondary consideration; rotary photogravure, while 
more costly than relief printing, has made possible the cheap production 
of prints of high artistic quality. Although the Sunday newspaper sup¬ 
plement is seldom thought of as an ^^engraving’' it is, nevertheless, the 
product of an intaglio process. 

Rotogravure, as the process is generally known, employs an exquisitely 
polished copper cylinder as the printing surface and makes use of a 
screen similar to that developed for the preparation of half-tones to 
break up the light and dark areas into small, unshaded dots. This ruled 
screen replaces the asphalt dusting of the earlier photogravures. 

In practice, a negative of the image to be reproduced is made up and 
from this a transparent positive print is obtained on a sensitized glass 
plate. The positive is in turn printed photographically on a sheet of thin 
paper coated with sensitized gelatin and, after a suitable exposure has 
been made, the positive is replaced with a ‘^screen^^ or sheet w’hich is 
ruled with crosslines to break up the entire surface into a large number 
of small squares. The sensitized tissue is subjected to a strong light so 
that the lines of the screen are superimposed on the image which was 
previously printed from the positive. Tlie screen used in the rotogra\mre 
process is reversed, that is, the lines are transparent and the intervening 
squares are opacpie ns compared with the half-tone screen which is ruled 
with black lines. 

The result of these steps is a sheet of tissue carr^dng an enormous 
number of dots of sensitized gelatin which, because of the varying 
degrees of light to which they have been exposed, are soluble in water 
to a greater or less extent. Tljese dot-s are separated by lines which have 
been rendered insoluble by the light admitted through the screen. At this 
point the entire sheet is dampened and laid over the highly finished sur¬ 
face of the copi)er cylinder with the sensitized side in contact with the 
metal. The roll is then drenched in water, loosening the paper so that 
it may be stripped from the gelatin and washing away the unexposed 
portions of the coating. If there are any portions of the cylinder which 
arc not intended to print, as for example the margins, they are protected 
with varnish and the surface is then etched with iron perchloride. 

Because the degree of solubility of the protective film varies in dif¬ 
ferent portions of the surface, the thickness of the coating which remains 



24 PRINTING INKS 

after washing will vary and for this reason the speed with which the 
metal is etched will be different. Those areas which were exposed to the 
most intense illumination correspond to the lightest parts of the subject 
and will be completely protected, while the darker areas will be eaten 
away to a depth dependent on the shade of the subject at the particular 
point. The lines of insoluble compound formed by exposure under the 
reversed screen result in a pattern of closely s]^accd walls of uncut metal 
on the surface of the cylinder, breaking up the etched areas into an 

Figure 4. Diagrammatic Sketch of Operation of Platen. Cylinder 
and Rotary Pressew. 
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enormous number of cups of varying depth which serve to hold the ink 
during printing. 

When mounted in the press, the copper cylinder revolves in a bath of 
ink, only slightly more viscous than water, which fills the cups formed in 
the etching process. A flexible steel ‘^doctor blade"’ scrapes the surface 
of the rolls so that the ink remains only in the cups. When pressed 
against the paper the ink is transferred anrl the depth of color at any 
point will corresponrl to the amount of ink deposited, which is in turn 
determined by the depth of the cup. Since the ink is very thin it spreads 
slightly during printing, mingling with the pigment from adjacent cups 
and preventing any (‘fleet of spottin(‘ss. In a finished rotogravure print 
it is almost impossibl(‘ to d(‘t(‘ct the .‘Screen which shows up clearly in a 
half-ton(‘, and it is b(‘eause of the* blending of the pigments that the 
j)rocess is so w(‘ll adapt(‘d to the r(‘produetion of shaded subjects. 

Platclrss Krujvdrittg. Although i)latele«s engraving is a typographic, 
not an intaglio, printing proc(‘ss it may be considered at this point since 
it is intended to produce work which is similar in a]>pearance to copper¬ 
plate (‘iigraving. No plate is usf*d. however, the impression being made 
from raised type in the usual manner with a densely pigmented ink 
which r(‘tains its tackiness for .muiic period of time. After printing, the 
inked jjorlions (d the sh(‘(‘t an* dust(‘d with a powdered resin of low melt¬ 
ing point and, after any siirplus powd(‘r has Ix'en blown from the paper, 
the resin is fused by tlu* apj)li(‘ation of h(‘at. This method yields charac- 
t(*rs wliicli ar(‘ rais('d above th(' surfac’e of the ])a])er but the figures are 
not as clearly defiiUMl as in the case of true engraving, and the absence 
of a j)late mark is also appan'ut on close examinatiem. Since a plate is 
umu'cessary. howevi'r, the proc(‘ss is c(msiderably less expensive, and 
the method is in common usi* today, especially where relatively few 
copies are requin*d. 

Plano(;kai’UU" Printixo 

Planogra])hy. the third grand division of the art, includes those pro- 
('essos which print from a sul)stantially flat surface as contrasted with 
the elevated areas of typography or the incised lines of intaglio printing. 
Hotli lithography, the original form of }>lanography, and offset printing, 
a cfunparatively naamt development of great commercial importance, fall 
within this gnaip. Planograi>hic processes, regardless of the plate or 
stone which may be used, are all dependent upon the fact that a greasy 
ink will not adhere to a moisttmed surfac'e, a practical illustration of the 
homily that oil ami water wilt not mix, 

Lithogra|)hy, literally ‘'stone-writing,'" is the invention of Alois Sene¬ 
felder who, by constant ('X[>erimentation, was able to bring the art to a 
high state of development before his death in 1834. Senefelder was a 
printer who, handicapped by the cost of idates, accidentally discovered 
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that a porous stone might be rendered suitable for printing if the design 
was drawn in wax on the surface and then slightly etched with dilute 
aqua fortis so that the waxed areas were less than one-hundredth of an 
inch in relief. Passing an inked roller over the face of the stone he 
found that the pigment did not adhere to the etched portions which 
were still moist from the acid and that further treatment was therefore 
unnecessary. And in addition, he found that the surface could be re-inked 
an indefinite number of times without blurring so long as the uncoated 
parts were kept wet. 

While stone presses arc a rarity today, it is interesting that they have 
changed but little since Senefelder’s time. The limestone which lie dis¬ 
covered in Bavaria and with which his experiments were conducted has 
proved to be the best variety for printing work. Furthermore, the sur¬ 
face is still etched to secure clarity of line just as he did. The image, 
which must be drawn on the stone in reverse, may be applied either with 
a “chalk,” which is actually a greasy crayon, or with greasy ink. 

The first step in the lithographic process is the preparation of the 
surface which is usually accomplished by grinding with a slowly revolv¬ 
ing stone disk and pumice to bring it to a high degree of flatness and 
uniformity. The stone is then grained by rubbing with powdered glass 
so that it is covered with a network of extremely fine scratches. The 
subject matter is then drawn upon the prepared surface with greasy ink 
or chalk and the stone subjected to etching. Corrections may be made 
at this time by scratching away any portions of the inked stone which 
are not to transfer. After being washed to remove the acid, the stone 
is mounted in a flat bed press which is fitted with moistening and inking 
rollers that pass alternately over the surface before each impression. 
The inking rollers are usually faced with leather, and a small percentage 
of acid may be added to the water supply for the cloth-covered moisten¬ 
ing roller so that the edges of the areas in relief are kept sharp and clear. 

The earliest lithographic proce.ss had two drawbacks. The first was 
that the weight of the stone, which was generally six inches in thickness, 
required that the artist work in the printing office, and the second was 
the confusing necessity of drawing the design in reverse. Both these 
difficulties were solved about 1870 by the development of a transfer 
paper on which the drawings could be made. When this was completed 
the sheet was laid upon the stone and moistened so that the paper back¬ 
ing could be removed, leaving the pigment in reverse on the surface. This 
invention popularized lithography and was largely responsible for the 
tremendous vogue of this fonn of printing in the last quarter of the nine¬ 
teenth century. 

The unwieldy nature of the stone block led to the use of other less 
cumbersome materials. Of these zinc and aluminum have been the most 
successful and the most widely adopted, since the surface of the metal 
may be etched with acid to render it sufiiciently moisture absorbent to 
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prevent ink from adhering. The sheets may be made quite thin and pli¬ 
able and, therefore, it was found possible to bend them into circular form 
so that a comparatively high-speed rotary press could be used. In this 
case, the plate is moistened and inked during each revolution of the 
cylinder. 

Photolithography is to planographic printing what the half-tone is to 
typography. By this means an accurate copy of the subject may be 
faithfully reproduced and at a lower cost than when the services of an 
artist are required. The first step in the process is to sensitize a sheet 
of transfer paper and then expose it to light behind a transparent nega¬ 
tive. The bichromated surface is then washed with water to remove 
those portions of the sensitized film which were not rendered insoluble 
by exposure. After applying ink to the resulting image, the sheet is laid 
face down upon the stone or plate and firmly pressed so that the greasy 
pigment adheres to it. By further wetting, it is possible to remove the 
paper backing, leaving the design upon the printing surface. From this 
point on, the usual process is followed, moistening the uncoated areas and 
inking the remainder during printing. 

Essentially, offset printing differs from lithography only in mechani¬ 
cal details. In the latter process the ink is applied directly to the paper 
from the stone or plate, while in the former the pigment is transferred 
to a soft rubber pad which in turn contacts the sheet. The modern offset 
press consists basically of three cylinders. The first, of sheet zinc or 
aluminum, is similar to that used in lithography and carries the inked 
design which is usually applied photographically, although a transfer 
process may be employed. As in the case of lithography, the plate cylin¬ 
der is alternately moistened and inked once during each revolution. 
The second roll is covered with a sheet of rubber about an eighth of an 
inch in thicknes.«» which rotates in contact with the plate cylinder and 
from which the design is transferred. The impression cylinder presses 
against the rubber covered blanket roll and it is between these that the 
sheet of paper is passed, receiving the ink which has been offset upon 
the blanket. 

Prints made by the offset process have a softness of outline which is 
quite different from that obtained from relief plates. If the design has 
been transferred to the plate cylinder photographically and a screen has 
been used to obtain variations in shading, the individual dots blend 
together and lose their identity as compared to a half-tone printed typo¬ 
graphically. The chief advantage of the process, however, is due to the 
resilience of the rubber blanket which is sufficiently soft to absorb any 
variation.s in the thickness of the paper. This permits the use of rough 
papers which would not print evenly from a metallic plate, thus dis¬ 
pensing with the need for a paper with a finely calendered or coated finish. 

It is common knowledge that an infinite variety of shades and colors 
may be obtained typographically by using three or four sets of half-tone 
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plates. (The fourth color, black, is often used because of the difficulty 
in always obtaining a true black from the combination of the other 
three colors, red, yellow and blue.) However, in planographic work, it 
is not possible to blend colors on the paper, and consecpiently a sei)arate 
plate and impression must be made for each shade. Frequently, six 
impressions of different shades or colors are used, and as many as forty 
have been employed on a single sheet to apply the various colors required 
in a single illustration. Since there is no blending of tones, colored 
offset work has a characteristic contrast which is most effective in certain 
designs and has become popular for posters and labels. 

Although offset printing as applied to paper was not developed until 
the first decade of this century, sheets of metal had been ornamented by 
using a type of offset press for many years because of the difficulty of 
printing on such material with a metal plate. 

Such arc the various j)r()cesses of printing which are in common use 
today. Little more than the essentials of each method has been given, 
the purpose being merely to indicate the relationship between the proce.ss 
and the characteristics which arc desirable in the appropriate ink. A 
study of the chart prepar(‘d by Jullien,"' showing the various types of 
pres.^es, speeds, papers, and inks, will serve as a panoramic view of the 
printing field, .\lthough some of the units used arc in the metric scale, 
a compari.Mm may be made empirically between the various processes. 
Reference may b(‘ mad(‘ to any of a number of standard works for a 
complete discussion of the mechanical phases of the art.^ 

».M. Jullu-n, Li Vapwr, 1937, 40, 55; Chrm. Ahn., 1937, 31, 4115. 
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Characteristics of Printing Inks 

The purpose of the following description is to outline, in a general 
way, the qualities which must be found in each type of ink and the reason 
for these requirements. Subsequent chapters will deal in detail with 
specific inks and their peculiarities. 

Printing inks are divided into three groupings, typographic, intaglio 
and planographic, corresponding to the main divisions of the art. How¬ 
ever, the material on which the impression is to be made must be con¬ 
sidered, as a typographic ink which is well adapted to printing on soft 
paper will be entirely unsuitable for use, for example, on metal. 

The trade has given certain names to the various characteristics, and 
since these are in common use they may be described here. An ink which 
flows well and which may be drawn out into threads is said to be “long,^^ 
and if it is sticky and adheres strongly to paper it possesses a high 
degree of “tack."’ A “short” ink is one which cannot be pulled into strings. 
The compound “livers” if it stiffens perceptibly on standing, an indica¬ 
tion that the ingredients are not stable. “Offset,” as applied to inks, 
means that the freshly printed sheets smudge and that, when stacked 
in piles, the pigment on one is partially transferred to those above or 
below. “Striking through” occurs when the back of the paper is dis¬ 
colored by penetration of the ink. The ink “breaks down” if its viscosity 
is decreased by stirring or agitation. 

In general, printing inks are made up of four different materials, pig¬ 
ments, vehicles, driers and “compounds,” each of which has its own func¬ 
tion. The pigment, in addition to providing the color and opacity, serves 
to stiffen the vehicle and give it more body. If a pigment is used prin¬ 
cipally as a coloring agent it is known as a toner; but if its purpose is 
to improve the physical characteristics of the bateh it is usually white 

The following books are especially concerned with intaglio processes: 
‘‘Guide to the Processes and Schools of Engraving.^ The Rritiah Museum, 1930. 
Singer and Strang, “Etching and Engraving," 1897. 

The following books describe in detail the various planographic processes; 
A. Smefelder, "A Complete Course in Lithography," R. Ackerroann, London. 1819. (This book, 
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D. Cummings. "Handbook of Lithography," 1919. 
F. T. Corkett, "Photolithographic and Offset Printing," American Photographic Club Pub- 

fieaiion, IW. ^ 
C. Harrop, "Offset Printing from Stone Plates," 1927. 
H. J. Rhodes, "The Art of Lithography," D. Van Nostrand Co., New York, 1924. 

As iUtMtrations of the three types of presses, see: 
Relief or Typographic presses: 
F. Fallert, uTs. P. l,90q,9», March 14. 1988. 
H. A. W. Wood, U. B. P. 8,OM,081, Aug. 4, 1986, to Wood Newspat>er Machinery 0>rp. 
B. C. Stiekney. U. 8. P. 1,949,238. Feb. 37. 1984. 

P- tfiUjn. Btpt. n im, Mtd U. 8. P. l,tll,lN, JttiM 7, 1«27, RcImu. I8.8M, 
JUM 6, Itll. 
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or colorless and is called an extender. The pigments which are of value 
for either reason may occur in nature or are the result of a manufac¬ 
turing process, but the prepared materials dominate the field today. 

Of the many substances which are found in nature only a small num¬ 
ber are suitable for use in inks, since a pigment must have a high degree 
of opacity, and at the same time, not be abrasive or gritty, as the plates 
from which the impression is taken are readily scratched. The pigments 
of this type which have been most successful are almost exclusively of 
mineral origin, as the coloring medium should be insoluble in the vehicle 
if a true suspension is to be formed. On the other hand, natural pigments 
hold their color well, resist weathering and, for this reason, are especially 
well adapted to poster and similar work. Indian red, ochre and sienna, 
which are all mixtures of iron oxides, may be taken as typical. Bitu¬ 
minous materials, including botli asphalts and pitches, are frequently 
made up into varnishes and used for printing, particularly in rotogravure 
processes. Organic compounds of natural origin such as indigo, alizarin, 
purpurin, which are extracted from vegetable matter, and carmine, 
derived from the insect known as cochineal, were known and used as 
dyes and pigments centuries before any printing process had been devel¬ 
oped. These liave been almost entirely eliminated from modern inks, 
however, because of the lower cost, greater uniformity and wider color 
range of the synthetic preparations. 

The manufactured or synthetic pigments also fall into two broad 
groups, inorganic and organic. Barium sulphate, chrome green, lithopone, 
titanium oxide, vermilion and white and red lead may be taken as exam¬ 
ples of the former type. In general, these compounds are unaffected by 
ink vehicles or the common solvents and, even when finely ground, have 
little tendency to fade. The synthetic organic pigments are generally 
coal-tar derivatives of complex composition and are discussed in a later 
chapter.^ 

A great step forward was taken during 1937 when an international 
color code which comprised seven hundred and twenty distinct shades 
was adopted. This was made possible by the spectrophotometer, a photo¬ 
electric recording device which classifies and verifies colors by entirely 
mechanical processes, thus eliminating the human element. Colors have 
even been matched by telegraph with the aid of this equipment. 

While the pigment determines the color and appearance of the finished 
ink, the vehicle controls, to a great extent, the way the preparation wdll 
dry and also the manner in which it will handle on the press. Therefore, 
it is the vehicle,* not the pigment, which is changed when it is necessary 
to make an ink tacky for a typographic plate or buttery for intaglio work. 
The various oils which are in general use as vehicles are classified accord¬ 
ing to their origin, that is, animal, mineral and vegetable, and the last 

Chapter 6. 
*S«a Chapter I. 
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and most important group is further subdivided into drying and non¬ 
drying materials. 

The oils, such as tallow, lard oil and neatstoot oil, derived from land 
animals, are in general non-drying and greasy and are little used in inks. 
However, certain fish oils will form a film by oxidation and these, espe¬ 
cially menhaden oil, arc sometimes used as substitutes for linseed oil 
when the characteristic odor is not objectionable. 

The mineral oils of petroleum origin will not dry by oxidation but 
are readily absorbed into soft uneoated paper. Since tlic oil does not 
form a film there is a tendency for it to stain and discolor the paper by 
penetrating through the sheet. If a cheap ink of semi-drying properties 
is required it is common practice to mix a heavy mineral oil with a drying 
oil in proportions which are largely determined by the absorption of 
the paper. There is, of course, a wide variety of modifiers including 
rosins and resins which may be added to the mineral oil to vary its body, 
viscosity, penetration and greasiness.'*^ 

The vegetable drying oils, linseed and tung oil, being tiu^ most widely 
used, are of great importance to the manufacturer of inks becaus(‘ of their 
ability to form a tough surface film after standing in contact with the 
atmosphere, the result of oxidation or polymerization. For the purposes 
of classification an oil may be considered to be drying if it has an iodine 
value of greater than 120 and non-drying if le.ss than KM), the interven¬ 
ing range including the semi-drying oils. 

The methods of preparing and bodying these oils are, essentially, 
pressing the seed or nuts to ex[)ress the oil, filtering and settling to remove 
any portion of the husks and, for certain work, such as lithography, treat¬ 
ing with heat to obtain the desired body. 

The non-drying oils derived from vegetable matter, for cxamph* cas¬ 
tor oil and olive oil, will not form a film uixm standing regardless of the 
length of time, and for this reason hold little interest for tlie ink maker. 
Even the semi-drying oils, of which cottonse(‘d oil is the most important, 
are seldom used in j)rinting work except as a blending or thinning medium 
because of the long period of time recjuired for oxidation. 

The vehicle may “dry’' either by oxidation, by evaporation, or by 
penetration into an absorbent paper. When drying oils are used, the 
length of time required to harden the ink may be greatly decreased by 
the addition of small amounts of metallic catalysts or driers. The prepa¬ 
rations used in the manufacture of inks are the same as those which 
have proved most valuable in paints or varnishes and are usually deriva¬ 
tives of cobalt, lead or manganese. Cobalt driers are used where speed 
is of the greatest importance, but where delicate tints are involved the 
dark color of the organic salts of this metal may be objectionable. In 
practice it has been found that cobalt driers form a tough gloss film on 

*Carletoo CSlk. **Chani«try of Petroleum Derivatives," lleinhold Publinhing Corp., New York. 
Volume 1, 19M; V^ume II, 1937. 
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the surface of the ink, while the lead salts tend to harden the film uni¬ 
formly throughout but at a much slower rate. Consequently, the best 
results are frequently obtained by using a blend of lead, manganese 
and cobalt.^® 

Driers are added to inks to decrease the time which would otherwise 
be required for hardening, and similarly there is a large group of mate¬ 
rials, known in the pressroom as '^compounds,^^ which are added to supply 
other deficiencies in the vehicle or pigment.^ One of the oldest of these 
modifiers is ordinary hard soap which, when added in small amoimts, 
will cause the ink to leave the type or printing surface clean and adhere 
to the paper. Waxes are frequently incorporated to prevent the printed 
sheets from sticking together. Tallow, with or without starch, tends 
to prevent offsetting and blurring of the ink before drying. There are 
a large number of modifiers on the market at the present time, and it 
would be cliflBcult to find a printing problem for which some compound 
has not been suggested. However, all preparations of this type must 
be used in moderation or the covering power and drying time of the 
ink will be affected. 

Typographic, Intaglio and Planographic Inks 

Because each of the three printing processes employs an inherently 
different printing surface it is not surprising to find that there are three 
corresponding classifications of ink. Tlieir general characteristics will 
be outlined in the following paragraphs. 

Before it is possible to si)ecify with any degree of exactness the 
qualities which a given typographic ink should possess, consideration 
must be given to two otlier factors, the paper on which the impression 
will be made and the type and speed of the press which will be used. 
Job presses are commonly used on the better grades of paper, which are 
comparatively non-absorbent, and the ink must therefore dry primarily 
by oxidation. Such inks should be quite tacky so that the rollers wdll 
not slip on the platen and arc generally quite .stiff because of the high 
proportion of pigment to vehicle. 

When faster equipment, such as automatic or flatbed cylinder presses 
is used, the ink must flow more readily so that it will feed properly at 
higher speeds and must dry more rapidly because of the rate of produc¬ 
tion of the work. In the case of newspaper presses the ideal ink is 
extremely thin, the limit of fluidity being reached just before the point 
at which a mist of ink is formed by the rapidly moving rollers, since 
everything in the vicinity will be coated when this occurs. Since the paper 
used on these presf^s is highly absorbent, the vehicle is generally a non- 

** Detail! of the various types of tlriers and of tlie theories advanced to explain their action are 
given in Chapter 4. 

^^8se Chapter 6. 
^ For a more detailed discussion of typographic inks see Chapters 7 and 8. 
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drying mineral oil that penetrates tire newsprint rapidly. The pigment 
as well as the vehicle must be carefully selected for relief work when 
a fine line half-tone is used, as a coarse or imperfectly ground filler will 
clog the plate. Carbon black is used almost exclusively for half-tone 
printing since it is inexpensive, and, at the same time, has high covering 
power. However, this pigment slows down the hardening time of the 
ink and requires the use of a relatively high proportion of drier. 

Intaglio inks^* are of two general kinds, those prepared for copper 
or steel plate work and rotogravure inks. When printing from an incised 
plate the ink must be easily wiped from the surface of the metal without 
drawing it from the depressions. This means that the vehicle must not 
be tacky or the pigment in the depressions will be removed when the 
surface is rubbed. On the other hand, if the ink is oily it will be almost 
impossible to clean tlie raised portions of the plate so that no mark will 
be left on the paper when the impression is made. A further limitation 
is imposed by the fact that the paper is dampened before the impression 
is made to render it softer and, therefore, the ink must not run on the 
moistened sheet. The vehicles used for intaglio plate work are almost 
exclusively of the drying oil type since there is little, if any, penetration 
of the ink in this process as it is deposited in a thick film on the surface. 
For this reason also, pigments of lower coloring power may be used, but 
it is most important that they be finely ground so that the soft copper 
plate will not be scratched. 

While the intaglio inks for plate work are pasty in consistency, roto¬ 
gravure inks are almost as liquid as water. This extreme degree of 
fluidity is necessary because of the high speed at which the cylinder 
revolves and also because the ink dries primarily by evaporation of the 
volatile vehicle, which may be carbon tetrachloride, toluene, or a similar 
solvent. The pigment must be one which will not settle out during stand¬ 
ing in the reservoir and must be absolutely free of abrasive particles 
which would accumulate between the doctor blade and the rapidly rotat¬ 
ing cylinder and quickly ruin the surface. Mixtures of asphalts or resins 
dissolved in the vehicle are the most frequently used coloring mediums 
for this type of ink. 

As compared with the other methods of printing, the planographic 
processes must operate with extremely thin layers of ink and, therefore, 
the film must have high covering power and concentration of color.” 
Because the transferred films are so light, hardening will usually take 
place in a short time with a small proportion of drier. 

In selecting either pigment or vehicle for lithography, the .peculiarities 
of the process must be considered. Here again the ink will come in con¬ 
tact with moisture and, in this case, a certain amoiyit of acid may be 

J. Wolle, Murafseture of Printing nnd Lithograpbio Inks/* MsoNslr*Dorisnd Oo., 
p. ISS. New yA, lilt. 

Chapter 10. 

8ee Chapter f. 
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present in the water resulting from the etching. Since the stone or plate 
is alternately wetted and inked there is danger of emulsification if the 
vehicle is too fluid. The ideal ink for this work is one which possesses 
sufficient body so that it will not run freely, has a considerable amount 
of tack, and yet is not so adherent that there will be difficulty in pulling 
the paper from the plate. When a stone is used, the ink should leave 
a clear image without excessive pressures if the maximum number of 
copies is to be obtained from the comparatively delicate surface. In 
general, ink which is to be applied on an offset press will be very similar 
to one which is suitable for lithography, the use of the rubber transfer 
cylinder requiring a pigment of strong coloring power. 

It is almost impossible to define -the characteristics of an ink for 
a specific purpose with any degree of precision even when the process, 
paper and type of press are known. Extremes of atmospheric conditions, 
particularly of temperature and humidity, will require that the material 
be modified for proper application, and it is known that an ink w^hich 
handles well in the inland portions of the country may be unsatisfactory 
along the coast.^® Consequently, the printing establishment wdiich han¬ 
dles any volume of work frequently finds it necessary to blend its ink to 
meet variations in weather or paper. In the last analysis much must 
be left to the judgment of the pressman, but his problems are concerned 
with the physical characteristics not the chemistry of the material.^’’^ 
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Chapter 2 

History of Printing Inks 

The early history of printing ink is found in the development of 
writing fluids, for the preparations which were used by the early printers 
were merely adaptations of materials that had been developed through 
many centuries for work with a pen. In fact, the simple printing inks of 
the early nineteenth century, consisting of a suspension of finely divided 
carbon in drying oil, were merely a more viscous form of the writing ink 
used by the Greeks and Romans.^ 

It is not surprising to find that the inventor of writing ink cannot be 
named with certainty. Indeed, there is considerable doubt as to the por¬ 
tion of the world in which it originated although the claims of the Egyp¬ 
tians or the Phoenicians arc most persuasive.- The first writings con¬ 
sisted of characters either incised in stone tablets or marked in damp clay 
with a stylus and later baked in kilns, as the Assyrians and Babylonians 
formed their cuneiform blocks. 

It is interesting to speculate as to why these laborious methods of 
writing were used, when dye.s which might have been used for ink and 
cloth which had been known for centuries were available, and would 
have been much le.<s troublesome. The answer lies in the fact that writ¬ 
ing, which was an accomplishment pos.^essed by the very few, was 
employed only for announcements or memorials of great importance. 
For such inscriptions the most enduring mediums were chosen and stone 
and clay were well adajited to the purpose. In short, the forerunners 
of ink and paper w(*re not develoj)ed prior to 2000 to 4000 B.C. simply 
because there was no need for them. A similar explanation may be given 
for the lack of interest in printing up to the fifteenth centur>^ A.D., 
although much more intricate devices were invented by the Romans. 
Here again no one worked on the problem since the number of slaves 
who could transcribe documents was ample to supply the need, and, in 
fact, a daily newspaper the ‘^\cta Diurna,^' which was copied entirely by 
hand, was mentioned by Cicero as the medium of recording the social 
and political news of his day. With a sufficient number of manuscript 
books which could be produced by slave labor at nominal cost the early 
civilization had no need for printing, and the invention waited until there 
was a demand, when the problem was quickly solved. So we find that 
the history of printing and of jirinting inks is one where dev’elopment 
has waited upon the recjuin'inents of the times. 

^Thaddmia Davids, “The History of Ink," Tliatideus Dftvida A Oi., New York, 18W. 
*Dftvid N. Cmrvalho, 'Torty Onturies of Ink.” Banks Law Publishing Co., New York. 1904. 
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Early Writing Materials 

Perhaps the first materials which could be classified as inks were 
the dyes which were used by the Egyptians to color the engraved markings 
in stone to render them more conspicuous. The color matter was a sus¬ 
pension of powdered charcoal and gums in water. Probably this prepa¬ 
ration was too viscous and pasty to be used with a pen or stylus. 

As nations and trade expanded, the need arose for some writing mate¬ 
rial which was more portable and convenient than stone. Papyrus sheets, 
made from the reed of the same name, were probably one of the first 
solutions of the problem. The oldest papyri known today are estimated 
to have been made about 2500 B.C., although one document of uncertain 
date records events which are supposed to have occurred before 3500 B.C. 
Sheets of this material were adopted in all the classical countries at an 
early date because of their superiority over skins or cloth. The Greeks are 
known to have used papyrus in the fifth century B.C. and the Romans 
employed it almost exclusively for correspondence and legal documents. 
It continued in favor until paper began to take its place after the eighth 
century A.D. In the fifth century, St. Augustine apologized for writing 
a letter on parchment instead of the usual papyrus. 

Little is known of the very early methods of preparing sheets of 
papyrus for writing purposes, but the following description taken from a 
contemporary account^ relates to the process as it was used about the 
first century A.D. The stem of the papyrus reed, which was about two 
inches in diameter, was split lengthwise to form strips of varying width 
depending on whether they were taken from the middle or near the side 
of the reed. These strips were laid parallel to one another on a board 
and then covered with a second layer which ran at right angles to the 
first. By soaking in water the sheet which had been built up in this 
manner, the glutinous matter in the pulp was dissolved and cemented 
the assembly into a coherent mass which was pounded with hammers 
to form a thin, dense sheet. After drying, the papyrus was ready for use 
unless rough portions required polishing with ivory to improve the sur¬ 
face. Generally, the single sheets, ranging from six to ten inches in 
width, were pasted together to form a long sheet which might be rolled 
and conveniently handled. 

The skins of animals were among the first substances to which man 
turned when he needed a convenient material on which to write. The 
Egyptians brought the art of manufacturing papyri to a relatively high 
state of development at an early time, however, and it seems that parch¬ 
ment and vellum did not become a serious competitor of the former 
material until about the third or fourth century A.D. While this is 
somewhat surprising inasmuch as the tanning of hides must have been 
one of mankind's first discoveries, the explanation probably lies in the 

•Pliny the Eld«r, **NnittnUif Hktorin," xiii* U. 
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fact that the first parchments were suitable for writing on only one side 
and also because leather was in demand for many other uses. Pliny 
relates that parchment of good quality was first made in Pergamun, an 
ancient town in Asia Minor, about 150 B.C., and that the artisans of that 
city were compelled to make excellent writing material from skins by 
their ruler who, by attempting to assemble the largest library of his 
time, incurred the jealousy of the Ptolemies. The Egyptians, therefore, 
prohibited the exportation of papyrus which was used almost exclusively 
at the time and forced Eumenes, the king of Pergamun, to develop a 
substitute in order to achieve his ambition. Whether or not this is his¬ 
torically accurate, it was not until several hundred years later that 
parchment came into widespread use in Europe. 

Strictly, the terms vellum and parchment are not synonymous, as the 
former is made from the skin of young or unborn calves while the latter 
is prepared from the hide of sheep or lambs. The terms are frequently 
used interchangeably, however, and the methods of manufacture are very 
similar, the skin first being freed from hair and then soaked in lime 
water, after which it is stretched and scraped. The unevenness which 
remains after scraping is removed by rubbing with pumice, and the entire 
process is repeated until the desired surface is obtained. Refinements in 
the preparation of parchment were made rapidly, and by the fourth cen¬ 
tury of our era the sheets had a smooth surface and delicato texture. 
Shortly after this, cheaper grades came on the market in response to the 
increasing demand, and it has been suggested that the finer the piece of 
parchment the greater the probability of its antiquity. 

The relative sizes of parchment sheets in use at various times provides 
an interesting index of its popularity and corresponding scarcity. Up to 
the year 500 A.D. it was common to write upon only a single side of a 
sheet although, even at that time, both surfaces could have been used. 
With the increasing demand and consequent greater cost it became usual 
to employ both sides, and about the thirteenth century, at the peak of its 
vogue, parchment was commonly used in the form of extremely small 
sheets three inches square or even smaller. Shortly thereafter paper came 
into common use, the demand for parchment decreased and once again 
large sheets were used. During the Middle Ages, when parchment was 
almost unobtainable, it was common to scrub out the old ink from a pre¬ 
viously written sheet and use it again. Manuscripts of this type are 
termed palimpsests and have been a source of irritation through the 
ages to scholars who have been able to recognize fragments of works of 
great antiquity beneath the relatively recent writings of some scrivener 
which are of little interest from either a historical or literary point of 
view. 

The manufacture of parchment reached a high state of perfection 
in the days when the material was most popular. Books, containing 
upwards of five hundred pages of the better quality of parchment, were 
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not uncommon and, because of the thinness of the sheets, the volumes 
were not of abnormal bulk. As vellum gained in favor it was sometimes 
dyed purple and embellished with letters of gold for the more important 
documents. Occasionally, also, books were made with leaves of parch¬ 
ment interspersed among pages of papyrus, the hope being that the former 
would reinforce the sheets of vegetable origin which tended to become 
brittle with the passage of time. 

Both papyrus and parchment have been replaced, the first entirely 
and the second almost entirely, by paper which had become well known 
in Europe during the twelfth century, if not before. 

The Early Writing Fluids 

Because the characteristics of the inks of any period arc to some 
extent determined by the nature of the material on which the work was 
performed, a very brief description of the development of parchment 
and papyrus has been given. Just what the earliest inks used on papyrus 
were composed of is uncertain, but probably the pigment was soot, or 
some other finely divided fonn of carbon, suspended in a varnish in which 
a drying oil was the principal ingredient. It is certain, however, that the 
pigments used have retained their color over a span of almost five thou¬ 
sand years. It has been suggested that the scribe made up his own inks 
on a small plate as he required them.^ Two colors, black and red, were in 
common use; the pigment for the latter was, in all probability, iron oxide. 
It seems reasonable to a.ssume that the inks of ancient times were all 
made up of a pigment mixed with water containing dissolved gums or a 
drying oil. It was typical of these preparations that the pigment was 
not soluble in the vehicle and, therefore, the coloring matter did not pene¬ 
trate the body of the sheet but merely lay upon the surface, to which 
it adhered by virtue of the gum or oil contained in the vehicle. While 
such inks must have been inconvenient and far from free-flowing, they 
were generally u.sed, for by the sixth century B.C. the art of handwriting 
had become widely adopted in place of engraving on stone, scratching 
on sheets of lead or wax or molding in clay. 

Coming to a period shortly before the time of Christ, it seems that ink 
was made as an article of commerce in the form of blocks of gum and 
pigment which were ground with water by the purchaser to make writing 
fluid. One recipe which was used for .such an ink was one part of copper 
sulphate, one part of glue made from ox hooves, and sixteen parts of soot 
which was prepared by burning resin. This same composition was recom¬ 
mended for the treatment of bums! 

The preparation of finely divided carbon for use in inks seems to 
have been a carefully controlled process since only the cheaper varieties 
of pigment were made from chimney soot. In the manufacture of the 

H. '*Th« Physical Proe—cc of Wriliiiit In the Early Orient and Thdr Halation 
to tiM Oriflii of tha Atpbabat/* /our. of Somitic hingoagut (1116). 
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better grades, pitch was burnt in a small room which was completely 
tiled so that the carbon which was deposited could be readily brushed off 
and collected.® 

The inks which have been previously described consisted of an insol¬ 
uble pigment suspended in a vehicle which merely bound the coloring 
matter to the surface of the sheet. It is about this time that the first 
mention of encaustic inks is found, that is, inks which penetrated the 
body of the sheet rendering erasure much more difficult. One of the first 
of these preparations is described as being made by boiling apple rind 
in water to which beer wort had been added. After filtering, a small 
quantity of alkali was added to aid in the penetration of the writing fluid. 
Pliny wrote in 76 or 77 A.D. that, “ink whose materials have been lique¬ 
fied by the agency of an acid is erased with great difficulty.*' The “vitri¬ 
olic” ink of that time was, in all probability, a suspension of lampblack 
and copper sulphate in water and found considerable favor with the 
priests who used it for their religious manuscripts for two or three 
hundred years. Indeed, an ink of this sort, containing copperas, was 
recommended by Celsiis as a cure for baldness because of its irritant 
nature. 

In the Orient, meanwhile, the Chinese had by the beginning of the 
third century developed a satisfactoiy formula for the product misnamed 
“India ink” and had abandoned the use of bitumens as coloring matter.® 
^Vhile no contemporary account has come down to us of the method of 
manufacture, the following description, written a few centuries later, is 
probably representative. The chief ingredient was lampblack which was 
pounded through fine silk to reduce its size and remove foreign matter. 
A paste was then made up consisting, in addition to the carbon, of glue, 
water, the whites of several eggs, cinnabar and musk. After prolonged 
grinding in a mortar the ink was cast in sticks which is the form in which 
it was, and still is, sold. The art of ink making made rapid strides in 
China and by the year 600 A.D. there were at least twenty-five prominent 
firms engaged exclusively in this line of work; and a government official 
was appointed whose sole duty was to superintend the preparation of 
writing materials for use by the government. 

Colored inks had, in the interim, become popular in Europe, and red 
inks, of vermilion and cinnabar, or blue inks, of indigo, cobalt and copper 
oxide, were commonly used in illuminating manuscripts. India ink was 
imported from China when the finer qualities of black were required. 

With the fall of Rome, development either ceased entirely or pro¬ 
ceeded at snail's pace. The last advance of note before the Dark Ages 
was the invention of the quill pen which permitted the use of a more 
liquid ink than that which had been employed with reeds. From the 
standpoint of permanency of the ink this was a change for the worse as 

* Pliny the Eltler, "Hisioria Natural^," xxxv, S5. 
• Frank B. Wiborg, "Printing Ink,” New York, Harper d Brothera, 
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the more fluid preparation contained less pigment and hence decreased 
the coloring power. From this time, for a period of about five hundred 
years, the progress in Europe, such as it was, was made almost exclusively 
by the monks who transcribed almost unbelievable quantities of manu¬ 
script in the attempt to record and preserve the knowledge of the times 
in the form of memoranda which they called secreta. It was during this 
same period that papyrus was entirely abandoned in favor of either 
parchment or the first papers which were made in Spain about 1100 A.D. 
from rags of cotton or linen. 

A typical formula for ink, taken from a secretum written about the 
year 1000 A.D. states that branches of thorn trees (probably Norway 
spruce) should be cut and dried in the sun, after which the bark should be 
peeled off and soaked in water for about a week, when the liquor is 
strained off and boiled down to one-third its original volume. The heat 
should be continued until the fluid is almost black and shows a tendency 
to thicken, after which a quantity of wine equal to one-third the volume 
of the remaining water is to be added. The boiling is then resumed until 
a skin forms on the surface, and at that point the ink is poured into bags 
of leather so that the water will drain out and the remaining sludge is 
dried in the sun to form cakes of ink. When desired for use, the required 
amount of ink is mixed with wine to which a small quantity of acid is 
added. Ink of this nature has retained its color well throughout the 
centuries. 

Gall inks were introduced into Europe about the year 1100 A.D. from 
Arabia, and this type of writing fluid gained great popularity in the suc¬ 
ceeding centuries when it was made and used extensively in the monas¬ 
teries. It is probable that these inks were prepared by crushing the gall 
nuts and keeping them moist in a wann place for several weeks when a 
mold forms on the material. The resulting mass was boiled to extract 
the coloring matter and this liquid, after filtering and the addition of 
copper sulphate, was the finished ink. Gums were occasionally added to 
improve the working quality of the fluid and, to some degree, to protect 
the pigment from oxidation. In more recent times, logwood and similar 
coloring matter have been used as an adulterant for gall inks. By the 
fifteenth century inks of this type had almost supplanted the previously 
popular India inks. 

Development of Printing Ink 

With the year 1400, the invention of printing was at hand. As men¬ 
tioned in the preceding chapter, the first European printing consisted’of 
laying a sheet over the carved surface of wood block and then rubbing 
the back of the paper to transfer the design. The coloring matter used in 
this simple method was merely a form of distemper, that is, a paste 
formed of pigment, size and water. In the opening years of the fifteenth 
century the Biblia Pauperum or Poor Man's Bible was published. Pre- 
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vious to this time it had been fairly common practice to print the illus- 
tration for the text on a page from a carved wood block, leaving the 
balance of the sheet for the scribe who later filled in the written matter 
by hand. It occurred to the artisan engaged in the preparation of this 
book that the text as well as the illustrations might be placed on the 
same block. The next step was easy, and within thirty years the art of 
printing from movable type ^ had been developed. Davids ® describes 
the ink first used in printing in the following language, “It was writing- 
ink. It contained sulphate of iron (copperas), in combination with vege¬ 
table astringent matter, and with very little carbon. The vegetable sub¬ 
stance, imperfectly united to the mineral ingredient, has (in obedience 
to the laws of organic matter) been decomposed and 'resolved into its 
original elements.^ It has disappeared; but the iron remains with its 
yellow stain, an imperishable memorial of that humble, nameless work¬ 
man.*' 

Within the same centiiiy, however, printing became increasingly 
popular, and the inks used were apparently the more suitable mixtures 
of linseed oil and lampblack which were applied to the surface of the 
type with inked pads. At that time each printer manufactured his own 
inks, but the quality must have been good as may be seen by the still 
brilliant colorings of the Gutenberg Bible. Unfortunately, as competi¬ 
tion increased, there was a tendency to adulterate the linseed oil with 
cheaper mineral oils and rosin or to boil it insufficiently ® so that the 
printing ink of the sixteenth century was generally inferior to that of a 
hundred years earlier. In the ca.se of the better grades of ink, the lamp¬ 
black was prepared by burning pitch beneath a metal hood on which the 
soot collected. The drying oil was previously brought to the desired 
body by boiling, and the pigment and vehicle were then ground together 
to form the ink. When pre.sses ran slowly and soft handmade papers 
were used, ink prepared in this manner was entirely satisfactory and few, 
if any, changes were made during the next three hundred years. In fact, 
Benjamin Franklin made his o\\ti ink in Philadelphia using these same 
ingredients, and this same mixture of boiled linseed oil and lampblack 
was described as being the most suitable preparation in the nineteenth 

century.^® 
In the eighteenth century, it became common practice to bum the 

linseed oil during bodying which, it w’as generally believed, prevented the 
oil from spreading upon the paper.'' Bread was occasionally thrown into 
the heated oil in the hope that it would absorb the fatty or greasy por¬ 

tions, according to Fertel.'^ 

ChapUr 1. ^ ^ 
•Tbntltlfnia Diivul.^ “'Hu* HiMory of Ink," NVw York, TlmcUicns Davul, * Co.. 1860. 

•J. Moxon, *'Mcchnnick Ex^rcisw^.’' Umilon. 1677. 

‘•T. C. Hftni»nrd, * Ty|>o«niphm.” London, 1825. 
«C. Ainaworth Mitchell, Their Compojiition and Mamifacture. 

London, IW. 
«J. FerUl. ‘‘La Science Pratique de ITmprimcrio, St, Omcr, 17«. 

Charles Griffin and Co., 
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While there were various methods of preparing the lampblack and the 
oil, practically all printing inks consisted solely of vehicle and pigment. 
In 1823 the first ink recipe which contained a “compound” was pub¬ 
lished.*® This formula consisted of linseed oil, rosin and hard soap which 
was added, as it is today, so that the ink would leave the type easily. 
Of the same general nature is the following recipe described as a modern 
ink in the early part of the nineteenth century:** 

Balsam of capivi 9 oz. 
I.«ampblack 3 oz. 
Indigo, or Pnissian blue, or 

equal quantities of both U oz. 
Indian red i oz. 
Turpentine soap, dry 3 oz. 

Such is the history of typographic inks. Because the quantity of ink 
found on a printed sheet is so small, it would be impossible to reconstruct 
the old formulas by analysis even if the material bad not been altered 
by the passage of time. As a result, any attempt to trace the develop¬ 
ment of ink is dependent on contemporary descriptions, which are not 
too plentiful as the manufacturer jealously guarded the secrets of his 
process. Intaglio inks were apparently made from the same ingredients 
with slight modifications since little reference is found to thorn in the 
literature as a distinct tyi)e. The reader who is interested in the begin¬ 
nings of lithographic ink can do no better than to refer to the complete 
treatise written by Senefelder *® who describes the comimsition of the 
various waxy inks he developed for stone printing. So exhaustive was 
his work in this respect that there has been no change of consequence in 
his formulas during the centurj' which has pas.sed since his renowned 
methodical study. 

^ “Encyclopaetlia Britannica/’ Sixth Edition, London, 1823. 

‘♦William Savage, “The Preparation of Printing Ink,” London. I«32. 

** Aloia Senefelder, “The Invention of Lithography.’' Lontlon. 1819, or thr iniMlrrii iililion puh- 
liahed in 1911 by Fucha and Lang Mfg. Co.. New York. 



Chapter 3 

Printing Ink Vehicles 

The vehicle of a printing ink is the liquid material holding and carry¬ 
ing the pigment and providing good workability on the press. Properties 
of the vehicle must conform to the kind of printing process.* One of the 
most important properties is the vi.‘;cosity. The varnishes are classified 
from #00000 to #9 (repre.senting the heaviest), mostly in accordance 
with the standards as s))ecified by Gardner and Holdt,- which are dis¬ 
cussed in ('ha[)ter 17. Either extremes are very unusual, but the most 
viscous vehicles are used in special inks which are solid at ordinary 
temj)eratures and must be heated before being applied to the paper. 

Chemical and Phy.sical Con.stants of Vehicles 

Vehicles usually are de.'icribed by listing certain physical and chem¬ 
ical constants. Iodine number, hexabromide number and thiocyanogen 
value arc indications of the degree and quality of vehicle unsaturation. 
Acid number, saponification value, and quantities of oxy-acids, unsaponifi- 
able matter, saturated acids and solid fatty acids describe the acidic 

properties. Specific gravity, index of refraction and viscosity are physical 
properties. 

The iodine number is the number of centigrams of iodine taken up 
by one gram of oil. The common method of determining this number is 
to use the procedure of Wijs.-’ The Hanus * method also may be employed, 
but the Wijs procedure apparently is preferred. The iodine value is con¬ 
sidered a reliable measure of the total unsaturation of fatty acids and is 
a measure of the drying potentialities of a vehicle. 

The hexabromide number is the weight percentage of hexabromide 
precipitate obtained by treating fatty acids with bromine. This number 
is evaluated by multiplying the total weight of hexabromide precipitated 
by 100 and dividing by the weight of the sample.® The hexabromide 
value is said to be an indication of the amount of acids containing three 
double bonds, and is reported to be a method of determining adulteration 

of linseed oil with soybean oil. 

•J. D. Cohen, Paint Manuf., 1937, 7, JM: Brit. Chem. Ab$. B, 1937, 1238; Chem. Abt., 1937, 
M, 7*73. 

■H. A. Qardner, "Physical and Chemical Examination of Paints, Varnishes, Lacquers and 
Colors," 7th ed.. Institute of Paint and Varnish Research, Washington, D. C., 1935, 564. 

•J. J. A. Wijt, Analytt, 1929, 54, 12; Chem. Aba., 1929, 23, IJlSj ^ 
1041; Chem. Aba., 1929, 23, 2052. Z. Vntcrauch. Lebenam., 1928, 56^ 488, Ber., 1898, 31, 750; 
/. S, C. /., 1898, 17, 699. II. A. Oaniner, "Phjwcal and Chemical Exoinination of Paints, Varnishes, 
Laoquert and Colors," Institute of Paint and Varnish Research, Washington, D. C., 1935. 

* J. Hanus, Zeita. Unterauch Nahr. Genuaan, 1901, 4 (20), 913; /. S. C./., 1901, 20, 1246, H. A. 
Qardnar, loc. eit. 

•H. A. Gardner, loe. cit, H, S. Bailey and J. M. Johnson, Ind, Bng. Chem., 1918, 10, 999; 
Chem. Aba,, 1919, 13, 2246. 
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The thiocyanogen (SCN) value is a measure of the quantity of free 
thiocyanogen (SCN)2 that reacts with the double bonds of drying oils. 
A macro ® or a semimicro ^ method ® may be employed for the determina¬ 
tion of this number. The free (SCN) 2 saturates the double bonds of 
oleic acid, one of the two double bonds in linoleic acid, and two of the 
three unsaturated double bonds in linolenic acid. Tlie thiocyanogen 
number provides valuable information when employed in conjunction 
with the iodine value. 

The acid number is calculated by multiplying the number of cubic 
centimeters of O.liV alcoholic potassium hydroxide required to obtain a 
phenolphthalein end point with 10 grams of oil (in 50 cubic centimeters 
of 1:1 mixture of alcohol and benzene) by the factor 0.561.® High acid 
value is said to be a general indication that the oil or varnish will react 
with certain types of pigment and that the vehicle will wet the pigments 
easily. 

The saponification number is the number of milligrams of potassium 
hydroxide required to saponify the free fatty acids in 1 gram of oil. The 
value is regarded as a measure of the free fatty acids present.^® 

The oxy-acids are oxidized substances formed when drying oils harden. 
Oxylinoleic acid and linoxyn are examples of these oxidation products. 
Quantitative data in relation to oxy-acids occasionally are given in 
describing a vehicle.^^ 

Unsaponifiable matter and saturated acids usually are found by dif¬ 
ference from the various chemical values described above. The tenn 
**solid fatty acids” is employed to indicate the percentage of fatty acids 
which are solid at room temperature. 

The refractive index, specific gravity and viscosity are employed for 
the purpose of distinguishing oils under examination, and in some 
instances serve as measurements for control of polymerization of var¬ 
nishes.^^ The refractive index of oils and varnishes is said to increase 
with increasing molecular weight and increasing unsaturation. Methods 
of measuring the above properties are described in Chapter 17. 

Hydrogenation is recommended as a measure of unsaturation.^^ 
Meiners method is suggested for detecting conjugated carbon double 
bond linkings.^^ Molecular surface properties of the oil medium for 

* IT. A. Gardner, loe, cit. 

’ H. P. Kaufmann and L. Hartweg, Fette u. Setfev, 1938, 45, 356; Chem. Ahif., 1938, 32, 7756. 
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*•0. R. A. Wright and C. A. Mitchdl, *‘Animal and Vegetable Filed Oila, Fatu, Buttrni and 
Wazca," Cbarlee Griffin and Co., London. 1903. 

C. R. A. Wright and C. A. Mitohell, loc. cit. 

^ Am. Ink Maker, 1936, 14 (13), 26. 
»W. H. Stitaon, Paint Manuf., 1938, 8, 119; Chem. Ab§., 1938, 33, 6235. 

Prdae. Farbe u. Lack., 1938, 161. 173; Chem. Abe., 1938, 32, 8804. K. Metnel, Ber., 1937, 70, 
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printing ink may be indicated by the magnitudes of the interfacial ten¬ 
sions and the contact angles with other phases (e,g., pigment, paper, or 
water) 

Vegetable Oils 

Linseed Oil. In many inks the vehicle consists only of linseed oil 
which has been “bodied^^ (polymerized), i.e., heated until the desired 
viscosity is secured. Oil treated this way is designated also as ^^stand 
oil” or “varnish.” If the ink is too heavy on the printing press, the 
printer will thin it by adding some light-bodied oil. This method, how¬ 
ever, cannot be used to make stand oil on a large scale, although it would 
be very convenient to prepare only a #9 varnish and cut it with a very 
light-bodied oil to the proper viscosity. A varnish so prepared has 
properties entirely different from one bodied to the same viscosity.^® 
Raw and very light-bodied oils represent the unpolymerized phase and 
are monomolecular. Unifonnly cooked heavy varnishes contain only 
small quantities of monomolecular phase, if any. 

According to the older methods of manufacture, the raw linseed oil 
was heated in a movable pot, ignited, and permitted to burn for five 
minutes. During and subsequent to this treatment the oil was carefully 
stirred. After five minutes of combustion the pot was removed from the 
fire, and the flames were extinguished by means of a closely-fitting lid. 
Several slices of stale bread were then successively introduced with a 
pair of tongs and stirred around in the oil until the bread slices were 
browned, but not burnt. The stale bread was supposed to remove 
“greasiness” from the oil. Occasionally peeled onions were employed for 
the same purpose. The action of neither bread nor onions was knowm.^^ 

The preparation of stand oils must be done with utmost care in order 
to impart the right properties to them and to avoid many hazards which 
will be discussed later in this chapter. It is assumed and partly proved 
that deep-seated molecular rearrangements occur during this process, the 
most important of wdiich are shifting of the double bonds from remote 
to conjugated positions,^® also ester interchanges if different oils are 
cooked together or if rosins, catalysts or synthetic resins are added. 
Intermolecular diene syntheses perhaps take place.^® The same oil, 
bodied by different methods, will yield liquids which behave entirely 
differently. Of great importance, too, is the pretreatment of the raw 

L. A. Knsnrovitskii, Potifjraficheskavft proiavodttvo. 1937, No. 9, 23; Chem. Zentr,, 1938, 109 (1), 
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Aba. B, 1930, 1079. 
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Figuec 5. Hydraulic Presses Removing Linscod Oil from Flaxseed. 
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oil, since the behavior of the stand oil prepared therefrom depends 
largely upon whether the raw oil has been hot- or cold-pressed or 
extracted. Bauer and Freiburg^® state that oils have better drying 
power when they have been pressed cold compared with those which have 
been extracted or hot-pressed. Table 2 shows several properties of lin¬ 
seed oils from the same source subjected to these treatments. 

Table 2.—Effect of Processing on Linseed Oil. 
Linseed Oil A Linseed Oil B Lini>eed Oil C 
Cold-Pressed Warm-Pressed Extracted 

Acid number 1^22 2.5 4.81 
Iodine number 169.87 169.81 168.58 
Sapon. number 194.62 19632 192.38 
Oxy-acids .52 .41 .55 
Unsapon. matter .66 .74 .64 
Solid fatty acids 5.89 8.47 7.62 

Heating changes the characteristics of linseed oil as indicated by vari¬ 
ations in specific gravity, refractive index, acid number, iodine number, 
saponification number, thiocyanogen number, hexabromide number, satu¬ 
rated acids (per cent), and per cent of unsaturated acids.^^ Table 3 
indicates the changes in tliese characteristics when linseed oil is heated 
in an enamel-lined vessel for 4 hours at various temperature ranges. 

Table 3.—Effect of Heating on Linseed Oil. 

Temperature 
Ranee of Heat 

Treatment 
OriKinol 

Oil 150-175^ C. 175-200* C. 200-225“ C. 225-250* C. 

Specific Gravity 
(30“ C.) 0.9311 0.9275 0.9382 0.9782 0.9843 

Index of Refraction 
(265*’C.) 1.4785 1.4S01 1.4813 1.4833 1.4880 

Acid number 3.2 2Z 2.0 1.6 1.3 
Iodine number 199.7 195.3 1762 171.2 149.8 
Saponification 

number 192.0 196.0 199.5 210.S 1942 
SCN number 105.7 103.3 93.3 92.4 91.5 
Hexabromide 

number 48.9 48.2 42.1 37.4 12 
Saturated acids (%) 

(Bertram) 11.7 11.7 5.1 9.4 11.0 
Unsaturated acids 

(%) 88.3 88.7 94.9 90.6 89.0 

Upon being heated, linseed oil may ''break/' "Breaking'' is a sudden 
and distinct separation of a gelatinous mass from raw linseed oil.^^ 
"Break" may be removed from linseed oil by treating the oil with sul¬ 
phuric acid or superheated steam.^^ 

• 

••K. H. Baurr nnd A. Fralbiirif, Chem. Umthan, Fettc. Ode, Wachse Horte, 1931, 38 (6), 78; 
CAiam. Abi., 1931, 25, 2888; Brit, Chem. Abt. B, 1931, 551. 

®P. S. Varma, N. N. Qodbole, and G. M. Garde, AUt/em. Oei u. Fett.-ZtQ., 1938, 33, 249; 
Cbem. Abt„ lOM. 30, 8584. 

** Other vat*tabie oUe may exhibit *'break*' formation also. 

•“C. W. A. Mundy, /. Oil Col. Chem. Assoc., 1935, 18, 238; Brit. Chem. Abs. B, 1935, 813. 



50 PRINTING INKS 

Molecular weight determinations, by the freezing point method, 
are recommended as process control tests for bodying drying oils.^® 
According to the older methods of control measurements, the formation 
of threads, strings or leaves by the oil as it drips from the stirring ladle 
is employed to determine the heating end point. Some manufacturers 
decide that bodying is complete when a certain length of thread is 
obtained by drawing out the oil between the thumb and forefinger. 
However, the only accurate method, of all those described above, is said 
to be the one employing molecular weights.^® Another desirable method 
of control in stand oil formation is to measure the refractive index, since 
the latter increases with molecular w^eight.-^ Specific gravity and vis¬ 
cosity are also possible measurements for control work. 

It is to be noted that molecular weights may be found from viscosity 
measurements as well as the freezing point methods. A special equation 
known as Staudinger’s Law is employed for this purpose.-® 

Much useful research work has been accomplished by determinations 
of molecular weights. Tabulated results of work done on the bodying 
of linseed oil indicate that the molecular weight increase is much greater 
than can be accounted for by the addition of oxygen as calculated by the 
decrease in iodine number.-® Figures 6 and 7 show^ the effect of heat 
treatment upon the molecular w^cights of several samples of linseed oil. 
Two types of reactions are said to take place in the process of body- 

The freeiing point lowering of benzene is einplo>wl. The calculation of Ur* moh*culur weight 
is carried out by the following Haouli equation: 

MB 
-= C 
P 

M = Molecular weight of the dissolved substance. 
E — Depression of the freezing point caused by dissolving the substance whose molecular 

weight is to be found. 
P — The number of grams of substance containcnl in 100 gm. of solvent. 
C ~ Characteristic coiwtant. 
(J. Traube, “Physico-Chemical Mf‘lho<l8,’’ Piulndolphin, P. Blakiston’s Son A Co., 1808.) 
l^nzone boiling lietween 80.0 ami 80.3'^ C. and ha> uig a speciHc gravity of 0.87373 is employed. 

A sample weigliing about 0.8 gram is dissolvwl m 25 c.c. of benzene. Hy use of carbon tetrachloride, 
carbon bisulfide, and nitrobenzene, the freezing point constant was found to be 5.066 to 5.067 for 
the bmizene U84^. 

* J. 8. Long and J. G. Smull, Ind. Eng, Cht m.. 1925, 17, 138; C/iem. Ab$. 1925, 19, 901. 

**J. 8. Long and J. G. Smull, lor. ct. 
”Am. Ink Maker, 1936. 14 (12), 26. 
»H. Wolff. Pettchem. Umschau, 1935, 42, 169; DrU, Chtm. Abt. B. 1935, 1101; Chvm. Abg. 1936, 

30, 2026. H. Staudinger. Ber., 1932, 65, 267; Chrm. Ab».. 1932, 26, 2m. lielv. Chtm. .Acta, 1932, 15, 
213; Chem. Abi., 1932, 26, 2632. Ber., 1934, 67, 92. Chem. Ab»., 1934, 28, 1589. H. SUudinger, 
“Die Hochmc4ekularen Organischen Verbindungen/' Berlin, Julius Springer, 1932. The Staudinger 
equation is given as follows: 

Where: b Uie specific visc<jsily. 
M b the moU'Cular weight, 

C is the concentration, 

b a consiant. 

The equation b applicable to dilute solutions of stand nil only, and hence the oil b dissolved 
im i^loroforxn or toluene Intforo dctenninations of visr^suty are made. 'Hie formula b derived for 
am with eompoumb of long-chain molecular structure. The derivation b given in: H. Staudinger 
azHl W. Heuer, Ber., 1930, 63, 222; Chem. Abtt., 1930. 24, 2903. 

»J. S. Long and J. O. Smull, Ind. Eng. Chrm.. 1925, 17, 138; Chem. Abt., 1925, 19, 001. 
8. Long, C. A. Knauss, and J. G. Smull, Ind. Eng. Chem., 1927, 19, 02; Chem. Abt., 1927, 

2U 067. J. sThm and O. Wsnto, Ind. Eng. Chem., 1925, 17. 905; Chem, Abt.» 1025, If, 3020. 
C. P. A. kappdinSm, Paint, Oil, Chem, Ben., 1938, 100 O). 5; (2), 0; (3), 9, 19; Chem, Abt., 1918, 
32, 8841. H. Kn, Angew, Chem,, 1930, 49, 335; Brit, Chem, Abt, B, 1936, 749. 
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Time of hoatiiijx in hours 
Court* .'-}/ In*lu!-tnal and Engificcring Chcmit^try 

Figt’kk 0. I'.fTccI of Ho.itinj: on Molecular Weight of 
Lins('rtl Oil (J. S. Long and G. Wentz). 

Curve A. 400 (crnniH oil nu«l 40 prams fatty nriils from linstK^i oil in open 13-cin. casserole 
Curve B. 300 grams liiUMMxl od nml 0.6 gnun Mn2B40T in open 13-cm. casserole 
Curve C. 200 grams linsceri od in open l3-cm. css.sero!e 
Curve D. 200 grams linseeti (»d in 13-cm. casserole covercsl with glass plate 

ing. Tlieso reactions arc: 

(1) Reactions leading to a decrease in tlie number of ethenoid link¬ 
ages, with little corresponding change in molecular weight. 

(2) Condensations, involving elimination of water and other prod¬ 
ucts and great changes in molecular weight. 

The molecular changes may be represented as follows:"** 

“A. H. Salway, J.S, t\ /., IMO, 39, 324T; C/icm. Ab$., 1921, 15, 770. J. S. Ix)ng and G. WenU, 
foe. eit. 
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Step I 
CH,OCO(CH,),CH=CHCH,CH-CHCH,CH=CHCH,CH, 

(!;H0C0R 

|}H.OCOR 

CH.OCX)(CH.)tCHCH^CH.CH=CHCH,CH=CHCH=CH, 

d^HOCOR O-COR 

+HOH 

Step II 
CH,OCO(CH,)tCHCH,CH,CH=CHCH,CH=CHCILCH, 

* (i)COR 
CHOCOR 

I:h.oh 
+ 

CHaOH 

l^HOCOR OCOR 

CH,0C0(CH.),(!:HCH,CH.CH=CHCH.CII=CIICH^H. 

CH,0C0(CH,),CHCH/:H.CH=CHCH,Cn = CIICH.CH, 
I I 
1 OCOR 
CHOCOR 

d:H, +H.0 
\ 

\ 
o 

/ 

/ 
CH, 

i:HOCOR OCOR 
I I 
CH,0C0(CH.),CHCH,CH/:H=CHCH^H=CHCH^CH. 

From the values of the hexabromide and iodine numbers and the molec¬ 
ular weights, it is indicated that in the first stages of heating of linseed 
oil intramolecular change is the main reaction. 

When direct-fired kettles are used certain precautions are necessary.®* 
Drying oils in contact with the sides of direct-fired metal kettles undergo 
destructive distillation, which causes cracking at the double bonds rather 
than hydrolytic splitting of the esters. The fumes given off when linseed 
oil is heated consist largely of fine droplets of decomposition products 

^ J. S. Lone, C. A. Knuinii, end J. G. Smtill. lot. eii. 
** D. S. Chamberlin. E. R. Theie. P. P. Sohlingman, and J. 8. Long, Ind. Bng. Chem.t 1929, 

n, 393; CAem. Abt*, 1929, 33, 3333. 
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Figi UE 7. Effect of Heating on Molecular Weight of 
Linseed Oil (J. S. Long and G. Wentz). 

J50 icrnms linaeed oil and 25 grania fatty acids frona linaeed oil heated in stream of Ns in 
500-cc. "Pyrex” flask 
200 grams linseed oil heated in stream of Ns 
200 grams linseed oil heated in stream of Ns carrying acrolein (15 cc. in 2.5 hours) 

Curve A. 

Curve B. 
Cui^'c C. 

0 .5 1 15 2 2.5 3 

Time of heating in hours 
Courtesy Industrial and Enoineering Chemistry 

of the oil. Addition of small percentages of metallic driers to linseed oil 
during heat-bodying is said to decrease the gross kettle loss by changing 
the course of the chemical reactions. Increasing the proportion of lead 
monoxide (litharge) leads to a higher rate of molecular weight increase 
during heating.*^ 

A slight decomposition of the oil into free fatty acids and glycerol 
occurs in the varnish kettle and is inevitable, and for drier action and 
wettability is even desirable. The glycerol decomposes further to acrolein 
and carbon dioxide. Excessive decomposition of the oil is prevented and 
undesirable volatile substances are removed by heat treatment in vacxio 
and in the presence of inert gascs.^® Vacuum bodying of oils mostly leads 

•*J. S. Ixing and W. J. Amer. Ind. Eng. Chem., 1925, 18, 1252; Chem. Abs., 1927, 21, 858. 
* J. S. Kemington, Ind, Chemist, 1929, 5, 408; Chem, Abs., 1930, 24, 514. H. V. A. Briscoe, 

British P. 470.568. 1937; French P. 821,514. 1987; Chem, Abs., 1938. 32, 8992; Brit. Chem. Abs, B, 
1938. 694. 

“M. Ogtiim, /. 8oc. Chem. Ind., Japan, 1935, 38, auppl. binding, 129; Chem. Abs., 1938, 2f, 4608: 
BrU, Chem. Abs, B, 1935, 598. 
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to slightly darker varnishes, but local decomposition and spontaneous 
ignition are avoided.®^ Subjecting the oil during heating to tangential 
currents of superheated steam is considered advantageous/*® These 
methods yield the finest varnishes, and it is the endeavor of every var¬ 
nish maker to keep the acid number as low as possible and the color 
very light. Improper heating of the varnish leads to such defects as 
skinning,discoloration and greater livering tendency.The latter effect 
is not yet fully understood, but it has been found that a reaction of the 
free fatty acids with certain basic pigments occurs in connection with the 
presence of large quantities of polymerized molecules. The soap forma¬ 
tion alone is not wludly responsible for this effect, since varnishes of high 
viscosity will liver just as badly after the removal of free fatty acids. 
In some other cases livering tendency could ev(‘n be reduced by adding 
small quantities of acidic bodies. Bogin recommends malic acid for 
this purpose; oxalic acid also is said to be useful,^- and even fatty acids 
have been mentioned as inhibitors and also as agents which restore 
livered inks.^^ 

It is reported that the most economical bodying temperature for lin¬ 
seed oil is 575^^ Above 575° F. botli largo and small batches require 
about the same length of time for bodying. Table 4 indicates heating 

Tabic 4.—Tirno Uo(iuinMl to Ihr 'rcnipc'ratiinj of liinsocd Oil to 575® F. 

Tmx' to from 

Kettle T> \H' 

/-Gallons - 
Kettle .-\etnal 

,-C^»hl t< 
.Mill, pel 

) ,57.5" F. -, 
Mm. per 

(^ipiKity Batch Bate!) Gallon 

Porta hie 150 100 40 0.40 
Portaf)lo 200 135 60 0.44 
Portable 2.50 167 75 0.45 
Portable 300 200 90 0.45 

Sf't 7.50 500 90 0.18 
Set 1000 667 105 0.16 
Set 1250 825 120 0.145 
Set 1500 1000 135 0.135 

rates employed with Monel kettles and Gilbert oil-fired radiant heaters. 
Rapid heating tends to prevent livering (gel formation). 

Linseed oil may be polymerized by heating under pressure. Alkali- 

A. Kozulin ami A. S. Konoplov. Org. Chem. Ind. {U.S.S.H.), 1937, 3, 708; Chem. Ahs., 1937. 
31, 7074; Am, Ink Maker, 1938, 16 ( 2), 39. 

»3. Sommer, German P. 517,506, 1929; Chrm. Abtt., 1931, 25, 2866. 
R. Dieterle, Scifen-Ztg., 1932, 59, 401. 

*®J. Mattiello and L. T. Work, S'atl. Paint, Varninh, Lacquer Circ., 1936 , 502, 31; Chem 
Abt„ 1936, 30, 3665. 

C. Bogin, U. 8. P. 2,092,300, Sept. 7, 1937, to C>)mmcrcial Solvents Corp.; Natl, Paint, Vamiah, 
iMcquer Attoe. Ahn., 1937, 51, 167; Chem. Ah$., 1937, 31, 8232. 

"A. Chwala, French P. 788,001, 1935; Chem. Abti., 1936, 30, 1594. 

"T. F. Bradley, U. 8. P. 1,478,017, I>cfc. 18, 1923; Chem. Abu., 1924, 18, 759; Br,t. Chem. .ibs. B. 
1924, 8224. 

** Intemntional Nickel Company Bulletin C-7. 

^ Monel kettlea and oil-fuelefl Gilbert Radiant Fire Heaters were use<l. 
*'*E. W. Fawcett, R. O. Gibson, and M. W. Perrin, U. S. P. 2,155,009, April 18, 1939, to Imperial 

Chemical Induairiet, Ltd. 
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refined linseed oil (iodine nuraber 183.6 and acid number .09) is heated 
for 1.6 hours at a temperature of 325° C. and a pressure of 3000 atmos¬ 
pheres. The product has an acid value of 9.4, a viscosity of 103 poises 
and an iodine number of 123. Comparison of the product with com¬ 
mercial stand oil and heated linseed oil indicates that drying time is 
shortened by the above treatment (Table 5). 

Table 5,—Effect of Heating on Drying Time of Linseed Oil. 

,-Drying Time in Hours-^ 
Surface Hard 

Set Set Tack-free 

Varnish from Linseed 
oil heated at 325® C. for 
1.5 hours at atmospheric 
r)re.ssurc 5.5 Over 10 Not after 24 hours 
ComnuTcial stand oil 5.75 Over 10 Not after 24 hours 
Linseod oil h<‘atod at 
325® C. for 1.5 hours 
under 3000 atmospheres 3.5 7 After 24 hours 

It lias been suggested tliat slightly polymerized phases be removed by 
means of solvent ('xlraetion.^^ Distillation of the varnish in vacno is said 
to remove the free fatty acids.**® 

Even after the prejiaration of stand oil has been finished, changes 
will occur. Storage in a cool and dark place is to be preferred to expo¬ 
sure to heat and sunlight, in order to prevent the varnish from becoming 
yellowish and cloudy.**® In this case the cloudy particles may be removed 
by filtering. It is maintained, however, that raw oils after exposure to 
sunlight dry faster than those kept in the dark.'^® 

Storage in a cool, dark ]^lace prevents or decreases changes in the oil 
which will occur if it is exi)osed to sunlight. Table 6 shows the same oils 
as investigated above (Table 2) after storage for one year in closed white 
bottles exposed to daylight. Cathode rays are said to thicken and to 
bleach linseed oil.®* Experimental data are reported to indicate that an 
isomeric change takes ]dace upon treatment of the oil with cathode rays. 
No skin formation results®- from ultraviolet ray treatment. Linseed oil 
may be oxidized by being sprayed vertically downward through a 
chamber illuminated by ultraviolet rays. Purified and dried air is sup- 
l)lied to the chamber, under pressure and at a temperature of 250° C. 

« Oil Col. Tradct J., 1932 , 81, 1865. 
^ W. Schmidding and A. Schaefer, Britush P. 363,100, 1932, to firm of William Schmidding; 

Chrm. Ahn., 1933. 27. 1529. 
« F. Kohler, Farbe u. Lack, 1932, 488. 

K. H. Bnucr and A. Freihurg, Chrm. Umschau Frttr, (hir, Wachsc Uarze, 1931, 38 (6), 78; 
Chrm. Abit., 1931, 25, 2868; Hrit. Chrm. Abg. B, 1931, 551. 

J. S. Ivong and C. N. iMooro, lud. Eng. Chrm., 1927, 19, 901; Chrm. Ab$.. 1927, 21, 3136. 

Carleton Ellia and A. A. Wells, “Chemical Action of ritnuiolet Raya,” Chemical Catdog 
Company, Inc. (Heinhold Publiahmg Coip.), New York, 1925. 

M H. Schofield. British P. 227,212, 1923, J. S. C. /., 1925, 44, B180. 
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Table 6.—-Effect of Light on Linseed Oil. 
Linseed Oil A Linseed Oil B Linseed Oil C 
Cold-Pressed Warm-Pressed Extracted 

Acid number 2.02 
Iodine number 178.5 
Sapon. number 188.4 
Oxy-acids .74 
Unsapon. matter .46 
Solid fatty acids 7.31 

2.91 6.06 
174.7 170.7 
191.7 187.7 

.57 .80 

.74 .64 
6.44 7.75 

FiauRE 8. 

Change in Refractive Index, 
Oxygen Absorbed, and Iodine 
Number of Linseed Oil with Time 
(R. S. Taylor and J. G. Smull). 

Courtesy Industrial and Engineering 
Chemistry 

Storage also allows mucilaginous matter to settle. These substances 
may then be withdrawn by filtration or decantation. Refining of the oil 
with alkali to remove free fatty acids has proved advantageous. 

Another kind of varnish is represented by the “blown’^ oils. Air is 
conducted through the oil while the latter is heated. These varnishes 
do not frequently serve as printing vehicles®^ but are sometimes used in 
special inks. Gelation is very likely to occur during the blowing process, 
due to application of too much heat. The transformation is analogous 
to overheating stand oils, especially tung oil. In Figure 8 are shown the 
changes in refractive index, oxygen absorbed, and iodine value of a 
sample of linseed oil upon being blown for various periods of time. 

The mechanism of bodying oils is not yet entirely known; stand oil is 
regarded by some persons as a colloidal complex of slower and faster dry¬ 
ing phases.^® This would mean, however, that besides highly polymerized 
particles, unpolymerized particles are present to a considerable extent. 

There is disagreement as to the reactions involved in the drying of 
linseed oil and its stand oil. Drying is not due only to oxidation;®® 
polymerization has an important role in thickening and is regarded today 
by some as the sole cause. Drying can be influenced greatly by cata- 

••O. Ruth and E. Afser, German P. 545,505, 1020; Paint Var, Prod. Mgr., 1032, 8, Sect. I, No. 6, 
22; Korr. Metall., 1033, 9 (1). 24. British P. 353,040, 1020; Chem. Abs., 1032, 26, 8043; Brit. Chem. 
Abt. B, 1081, 805. German P. 518,322, 1030, to Firma Hermann Frenkel; Chem. Abs., 1031, 2S, 25M. 
British P. 351,824, 1020; Chem. Abs., 1033, 27, 1520. R. 8. Taylor and J. Q. Smull, Ind. Eng. Chem., 
1086, 28, 103; Brit. Chem. Abs. B, 1036, 334; Chem. Abs., 1036, 30, 2400. 

" Farben-Ztg., 1020, 34, 2573. 

■*J. 8. Ixma and H. D. Cimtaway, Ind. Eng. Chem., 1081, 33, 68; Chem. Abs., 1031, 25, 1105; 
Brit, Chem. Abs. B, 1031, 401. 
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lysts®^ (see Chapter 4), humidity,®® gases, action of light and presence 
of naturally occurring or added ®® inhibitors. Pigments also have an 
influence. It is said that, in some instances, prolonged drying time is 
indicated by a low iodine value.®^ The absorption of O2 is accelerated 
by turpentine, depending on its content of peroxide.®^ That a certain 
time is required before the oil will start drying, the so-called ^‘induction 
period,’^®® is attributed to the presence of natural inhibitors. Oils con¬ 
taining conjugated double bonds dry faster than those in which the 
double bonds are separated further.®^ Autoxidation and auto-polymeri- 
zation work Ijand in hand to promote drying, though opinions vary as to 
which causes the other or takes place first. The whole drying effect 
should be regarded as due to chemical as well as colloidal factors, and it 
has been found that drying is accomplished in several successive stages: 
induction period, formation of micelles, coagulation and solvation of 
these, and changes in tlie solid gel film.®® In the first stage oxidation 
and formation of j^eroxides occurs; the second stage is a change of 
peroxides to ketols or dienols; the third involves polymerization by a 
diene mechanism, it is stated.®® The physico-colloidal properties of 
printing inks, their behavior during manufacture, storage and applica¬ 
tion have been called a ^‘dynamic system.” ®'^ 

Other investigators state that the drying of linseed oil films takes 
place in two stages. The first stage is oxidation or, more generally, 
formation of polar molecules ftemperature and humidity will modify the 
reactions occurrinc). The second stage involves the association of the 
polar molecules produced in the first stage to form the solid, gel-like 
coherent structure of the film. Some further oxidation occurs after the 
oil has “set,” but this film is soon oxidized to a stage corresponding to 
the addition of two oxygen atoms at each double bond. The percentage 
of oxygen remains practically constant thereafter.®® A study of the 
variations of index of refraction, heat of combustion and iodine number 
as linseed oil absorbs oxygen is said to indicate that one step in the 
oxidation of the oil is the formation of conjugated systems of double 
bonds.®® 

It is impossible to understand fully drying of linseed oil as long as its 
exact composition has not been ascertained. Its drying principle is 

^ P. Slansky, Kolloid. Beihrftr, 1932, 35, 49; Chem. Abv., 1932, 26, 2877; Bnt. Chem. Abf.t B, 1932, 391. 

** C. R. ConRUorirood. Privtina, Jtjlv, 1934, 

“B. F. Chow, J. A. C. S., 1034 . 56, 894; Chem. Abn., 1934, 28, 3054; Brit. Chem. /b*. A. 1934, 607. 

«R. Bencrle, Farhen-Chem , 1936, 7, 246; Chem. Abn., 1936, 30, 8653; Brit. Chem. Abs. B, 1936, 894. 

® P. Scofield, Natl. Paint, Varnish, Lacquer Assoc., Set. Sect. Circ. 1937, No. 530, 119; Chem. 
Ab$., 1038, 32, 8804. 

«H. C. Cohen, Verfkronirk, 1938, 11 (2), 27. 

« J. 8. Long, Paint, Oil. Chem. Rev., 1930, 89 (1). 8; Am. Paint J., 1929, 14 (10), 60; Chem. .4bs., 
1930, 24, 978. 

®W. Kronaboin, Farben-Chrm., 1932. 3, 373; Chem. Abs., 1933. 27. 198. 

* J. Scheiber, Farbe u. Lack, 1928, 33, 518; Chem. Abs., 1929, 23, 1764. 

^ A. B. Rheineck, Paint, Oil, Chem. Rev., 1937, 99 (5), 9; Chem. .Abs.. 1937 , 31. 3716. 

*»R. P. Bowles, Paper Maker Ar Brit. Paper Trade J., 1937, 93, TS70; Chem. Abs., 1937, 31, 
7268: Brit. Chem. Abs. B, 1937, 810. 

•J. 8. I.fong, A. E. Rheineck and Q. L. Ball, Ind. Eng. Chem., 1933, 25, 1086; Chem, Abs., 
1938, 27, 6557. 

•R. 8. Taylor and J. G. Smull, Ind. Eng. Chem., 1936 , 28, 198; Chem. Abs., 1936, 30. 2409. 
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linolenic acid, octadeca-9,12,15-trien-l-oic acid, the amount of which in 
the oil is calculated to be 35 to 45 per centJ® One investigator reports 
that it was found to the extent of only 18 per cent,^^ together with an 
unusually high quantity of linoleic acid and correspondingly little oleic 
acid. It is recommended that more data be obtained on the part played 
by the unsaponifiable components of these oils.'^^ 

A mathematical formula derived from diffusion theory is said to 
indicate the rate of absorption of oxygen by a linseed oil film, after the 
induction period.''^ Experimental data are reported to indicate that, if 
no drier is present, the data curve shows an induction period followed by 
a logarithmic diffusion curve. The latter ha.s the formula: 

Qo E 
1 

IH2n - !)=»“< 

4a^ 

n = 0 
(2n-l)- 

Q 
where is the ratio of oxygen absorbed at time, f, to the total absorp- 

Qo 
tion of Oo; a is the film thickness, D is the diffusion coeflRcient ; n is the 
number of oxygen molecules per unit volume. Values of I) are: oil 
alone, 1.98xlO~’M with 0.20 per cent cobalt, manganese, and lead, 2.76, 
2.67, and 2.55x10'^^ resi)ectivcly. 

Several studies indicate the change in the properties of linseed oil 
when it is oxidized at 160° C. The rate of oxidation of drying oils 
decreases almost as a straight-line function of the degree of oxidation, 
until gelation occurs. Gelation is said to be a colloidal association 
process depending upon the size, complexity, polarity and free energy 
of the molecules. The degree of oxidation is regarded as only a con¬ 
tributory cause of the phenomenon. Fatty acids arc reported to form 
compounds with the glyceride molecule, and this union is said to be a 
primary factor leading to gelation. Lead, cobalt, and iron greatly 
shorten the time of gelation, but selenium powder and sodium oleate 
delay gel fonnation. Lead decrea.^es the amount of oxygen required 
for gelation and is therefore considered a polymerization as well as an 
oxidation catalyst. Figures 9, 10, 11, and 12 indicate the effect of tem¬ 
perature, acid value, molecular complexity and driers and inhibitors on 
the total oxygen absorption of linseed oils oxidized at 160° C. 

Examination of oxidized and boiled oils by means of a Langmuir 
surface-tension balance shows that oxidized oils occupy a greater area 

'*®H. E. Meetern, Inaufrural-DiM., MUnster, Germany, IWd. 

^ N. E. CoochinaraM, Analytt, 1932, 57 (573), 233; Chem. Aba., 1932, 26, 3127; Brit. Chem. 
Aba. B, 1932, 550. 

«.J. Van Lrx»n, Verfkroniek, 1933, 11, 59; Chem. Aba., 1938, 32, 554.1. 

S. Iwai, Phya.-Math. Soc. Japan, Proc., 1938, 20, 223; Chvrn. Aha., 1938, 32, 5235. 

T»J. 8. I.on« and 11. I). Chataway, Ind. Eny, Chem., 1931, 23, 53; Chem. Aba., 1931, 25. 1105. 
J. 8. Long and W. 8. W. McCarter, Ind. Eng Chem, 1931, 23, 785; Chem. Aba., 1931, 25, 4417. 

™ This balance waa improved by uaing etripa of gold leaf to prevent leakage of the oil film 
around the en<la of the fl^t. J. 8. Long, W. W. Kittleberger, L. K. Scott and W. B. Eggc, Ind. 
Eng. Chem., 1929, 21, 950; Chem. Aba., im, 24, 251. 
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FKii HE 9. Kffrct of Trmitrratiiro on Total Oxyjron Absorption of Linseed Oil 
(J. S. Lonp and W. S. W. McCarter). 

Ciir\e 1. oil at 110® C. 
Ciir\'c 2. I-inseecl oil at 100® C. 
('lirve 3. I.in8Co<l oil at 200® C. 

per molecule and require a greater eompresi^ivc force to crumple the 
monomolccnlar film than do heat-bodied oils of the same molecular 
weight. This is a means of measuring the variations in oils bodied by 
blowing or heating or by processes involving oxidation, polymerization or 
condensation reactions. Figures 13 and 14 indicate the relation of the 
force at the crumbling jioint to tlie area per molecule of linseed oil with 
and without driers present. 

“Tekaols” (‘'stand oil extract,” “purified stand oil,” “bodied linseed 
oil extract”) are linseed stand oils from which the low polymerized 
(saturated) highly dispersed phase has been removed.'® Stand oils are 
said to be heterogeneous colloids, consisting t)f a highly disi)ersed, satu¬ 
rated, non-drying phase of low molecular weight constituents and a 

slightly dispersed, unsaturated, drying ))hase of high molecular weight 
substances. Of these two phases, the slightly dispersed iinsaturated 
phase contains almost all the constituents which promote drying.”^^ 

In the manufacture of “Tekaols,” the linseed oil is heated at 300^ C. 
until it attains an iodine number of 95 to 110. The stand oil, produced 

A. EUhht, FmmicIi V. 708.460. 1930; Chetn, Abs.. 1932. 26, 1142. A. Eilmor aivl M. MiIUt. Cut- 
m«n P. 546.679, 1929. to Finuu T. Kotlhoff; Chem. Ahs., 1932 . 26, 3685. Eibuor, G»*nnnn P. 548,152, 
1930, to Firma T. KottholT; ('hem. Ahs., 1932. 26, 4190. A. KibiuM. Farben-Ztg., 1931, 37, 13, 54, 88; 
Chrm. Ahs., 1932, 26, 606. 

K. Hocuunan, Angew. Chem., 1937, SO, 246; Chem. Abs., 1937, 31, 4142, \. Eibner, lor. 
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Ficube 10. Effort of Acid Value on Total Oxygen Absorption of Linseed 
Oil iit 160° C. (J. S. Long and W. S. W. McCarter). 

Curve 3. Linseed oil. acid number 0.6 
Curve 4. Linseed oil fatty acids, acid number 200 
Curve 5. Linseed oil plus acids, acid number 100 
Curve 6. Linseed oil plus acids, acid number 60 

by the above process, is extracted, at 300° C., with 6-8 volumes of acetone. 
When the mixture is cool, the drying, unsaturated, slightly dispersed 
phase settles out. The saturated, non-drying highly dispersed phase 
remains in solution with acetone and forms the upper layer.^* Other 
selective solvents may be employed for Tekaolization, such as amyl 
acetate, amyl alcohol, butyl alcohol or malonic ester.'^® 

«a«niwfi P. 1B3S, to Km* T. Kottboff; Ohm. Ab$., 1W8, 32, 8177. 
*Ao Eibner, loc, cit. 
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Fkii rk II. Effect of Molecular Complexity on Total Oxygen Absorption at 160'* C. 
(J. S. Long and W. S. W. McCarter). 

Curve 2. 

Curve 7. 

Curve 8. 

Curve 9. 

Curve 10. 

Curve 11. 

Linseed oil 

Methyl c.’^ter of lii^eed oil acids 

Glycol ester of linseed oil acids 

Pentaerythritol ester of linseed oil acids 

Linseed oil, 3 hour heat-body 

Linseed oil, 6 hour heat-body 

Several advantages arc reported for these purified stand oils. On 
exposure tlioy do not oxidize but dry by polymerization. Drying is said 
to be more rapid and to produce more durable films than when employ¬ 

ing ordinary stand oils (with or without driers).®® Iodine values and 
molecular weights of “Tekaols” are interpreted as indicating that only 
a fraction of saturated acid triglycerides are present and that the stand 

oil extract is composed almost entirely of triglycerides of unsaturated 
acids.*' This condition is said to be the result of the heating process 
employed in the preparation of the stand oil. 

^T. H. Barry and L. Li|[ht, Brit. PUutics, 1932, 3, 3, 28; Chem. Abs., 1933, 27, 2048. 

•Mm. Ink Maker, 1939, 17 (8), 41. E. Elttd and U. Macli, Kolloid Z., 1936, 75, 338; Chem. Abs., 
1936. 30, 6218; Brit, Cham, Abt, B, 1936, 700. 
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Figure 12. Effect of Driers and Inhibitors on Total Oxygon Absorption of Linsocd 
Oil at 160" C. (J. S. Long and W. S. W. McCarter). 

Curve 2. Linseed oil 
Cune 15. Linseed oil + 1.00 per cent lead (as resinatc) 
Curve 16. Linseed oil + 0.29 per cent cobalt (as reninate) 
Curve 17. Linseed oil + 0.27 per cent iron (as ferric oxide) 
Curve 18. Linseed oil 
Curve 19. Linseed oil + 0.39 per cent selenium (as powdered sclrniuin) 
Curve 20. Linseed oil 4- 0.11 p^ cent sodium (ns scxlium olente) 

Table 7.—Properties of Fractions Extracted from Linseed Oil. 

First acetone— 

% of V'amish 
Extracted 
by Solvent 

Acid 
Number 

soluble fraction 
Second acetone— 

54 38.67 

soluble fraction 10.5 
Fraction not soluble 

39.62 

in acetone 
Soluble in methyl 

35.5 53.55 

alcohol 
Soluble in ethyl 

13.5 97.83 

alcohol 
Insoluble in ethyl 

5.5 45.18 

alcohol 
Linseed oil before 

35.0 9.27 

extraction 100.0 45.7 

Iodine 
Number c~ 

MoU*cular 
Weight of Oxygen 

(’ontaiiKHl in 
Oxidizc<l 
Product 

131.0 3.51 1398 5.25 

123.0 4.46 1776 14.88 

105.0 9.01 3588 12.32 

140.8 2.12 844 1.54 

133.2 2.90 1155 1.08 

127,7 3.92 1561 7.77 

1238 489 1947 1788 
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Figure 13. Effect of Compre.ssive Force on Monomolecular Films of Heat-bodicd 
Linseed Oil (J. S. Long. W. W. Kittelberger. L. K. Scott, and W. S. Egge). 

Refrigerated linseed oil with 0.028 per cent cobalt as linoleate, heat*bodied at 293“ C. 
Curve 1. Oil bodied for 0.75 hour, molecular weight 960 
Curve 2. Oil bodied for 2.25 hours, molecular weight 1332 
Curve 3. Oil bodied for 3.00 liours, molecular w^eight 1510 
Curve 4. Oil bodied for 4.50 hours, molecular weight 2223 
Curve 5. Oil bodied for 5.50 hours, molecular weight 2500 

0 1 1 1 _1_1_X i-.v _XJ_I 

0 50 100 150 200 250 300 350 400 

Area per molecule, cm.* X 10 *® 
Courtesy Industrial and Engineering Chemistry 

Figure 14. Effect of Compressive Force on Monomolecular Films of Blown 
Linseed Oil (J. S. Long, W. W. Kittelberger, L. K. Scott, and W. S. Egge). 

Refrigerated linsood oil blown at 138“ C. 
Curves 1, 2. Unblown oil, molecular weight 795 
Curve 3. Oil blown 2.5 hours, molecular weight 931 
Curve 4. Oil blown 8.0 hours, molecular weight 1314 
Curve 5. Oil blown 10.5 hours, molecular weight 1409 
Curve 6. Oil blown 18.0 hours, molecular weight 1567 
Curve 7. Oil blown 18.0 hours, molecular weight 1717 
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Mixed glycerides, on being heated, are said to rearrange so that like 
fatty acids are found on the same glyceride. Saturated and unsaturated 
glycerides are separated by the rearrangement, and it is then possible 
to employ preferential extraction.®- 

Table 7 lists the products of linseed oil extraction. It is to be noted 
individual fractions absorb less oxygen, on a percentage basis, than does 
the unextracted oil. Staudinger^s Law, previously described, is employed 
in finding the molecular weights listed in this table.®® 

Tung Oil (China Wood Oil). Whenever rapid drying is required, 
tung oil is recommended as a vehicle because of its high content of eleo- 
stearic acid,®"* (octadeca-9,ll,13-trien-l-oic acid) which is isomeric with 
linolenic acid but has the double bonds in conjugated positions. More¬ 
over, the percentage of this acid in tung oil is about twice as high as that 
of linolenic acid in linseed oil. 

Resins are reported to have a marked influence on the drying rates 
of tung oil. This effect depends upon the individual resin employed. 
Drying of China Wood oil is accelerated, in the presence of light, by 
addition of /3-naphthol.®® 

Tung oil may be bodied if heated gradually to 300° C., but at higher 
temperatures it may degel (depolymerize). Polymerization is said to be 
the cause of this thickening of China Wood oil, since hydrolytic, intra¬ 
molecular or other extraneous reactions arc reported to occur to a negli¬ 
gible extent. It is stated that the observed molecular weight-iodine 
values of heat-thickened tung and linseed oils correspond closely to those 
which are typical of a hexafunctional system (f.e., having six reacting 
groups on the molecule take part in the polymerization).®® Changes in 
tung oil, upon heating, arc shown in Table 8. 

Table 8.—Changes in Tiing Oil Upon Heating. 
Property Before Heating After Heating 

Specific gravity^ 0.9418 0.9631 
Iodine number 1668 140.5 
Relative viscosity 336 13.4 
Refractive index 13191 13106 
Acid number" 4.7 12.5 to 16.1 
Saponification value 180.9 187 to 194 

China Wood oil, because of its peculiar behavior under certain con¬ 
ditions, has offered some problems to the manufacturer. Among these 
diflBcultics are: solidification through the action of sunlight, tendency 

«A. EibnCT, Farben-Zto., 1931, 37, 13, 54 , 88; Chem. Abu., 1932. 26, 606. 
WE. Elod and U. Mach, Kdloid Z., 1936, 75, 338; Chem. Ab.i., 1936, 30, 6218; Brit, Chem. Abi. B, 

1936. 700. 
wj. Van Loon, Farben-Ztg., 1930, 35, 1767; Chem. Ab$., 1930, 24, 4178: Bnt, Chem, Abi. B, 

1930, 724. 
C. A. Tliomaa and P. E. Marling, Ind. Eng, Chem., 1932, 24, 871; Rev. Paint, Colour, Vamith, 

1933, 5, 224; Chem. Ab$., 1932, 26, 4967. 
••T. F. Bradley. Jnd. Eng. Chem., 1938, 30, 689; Rev. Paint, Colour, Vamuh, 1938, 11, 265; 

Chem. Abi., 1938, 32, 6080. 
•VM. Taeblmori, /. Chem. 8oe. Japan, 1938, 99, 125; Chem. Abi., 1938, 32, 5235. 
»C. L. Sebumaim, Ind. Sng. Chem., 1916, 8, 5; Chem. Abi., 1916, 10, 534. 
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toward gel formation when heated, and the frosting, flatting or crystal¬ 
lizing tendency (''gas crazing’') on drying.®® 

The most striking characteristic of China Wood oil is its transforma¬ 
tion by heat into a transparent, solid mass possessing considerable elas¬ 
ticity which becomes more brittle as further heat is applied. This 
process, known as gelatinization (livering), is still a subject of much 
controversy. One view is that thickening or gelatinization of tung oil 
is a colloidal reaction.®® The change in physical properties upon heating 
is reported to be brought about by polymerization,®^ and partially by an 
interchange of radicals. Dimolecular triglycerides which are soluble in 
the monomolecular form are said to be formed to some extent and 
a-eleostearic acid is reported to be converted into the /?-acid with some 
molecular decomposition. A process of aggregation is said to cause the 
oil to thicken further and finally to gelatinize.®^ 

Another view is that fatty oils are isocolloids and that thickening 
and gelation of drying oils may be explained by the “gas coagulation 
theory.” ®® Isocolloids are systems in which the dispersed phase and the 
dispersion medium are chemically similar, and the dispersed phase is an 
aggregate form of the dispersion medium. These isocolloids are said to 
form solid films in layers as a result of absorption of coagulating gases 
(e.g,, oxygen). Ostwald is reported to have described isocolloids as sys¬ 
tems in which the dispersed phase is a polymerized form of the dispersion 
medium.®^ 

Gelatinization (livering) of tung oil may be prevented by heating the 
latter rapidly to 330-340° F, Rapid heating is said to produce a vis¬ 
cous non-gelatinizing oil, because long-chain polymers are broken up by 
the rapid motion of the molecules.®^ Also, it has been reported that 
addition of small quantities of oxidized turpentine oil, phenol, resins or 
acid resinates, linseed oil acids, perilla oil acids, naphthalene, sulphur or 
sulphides, selenium or selenides, sulphur chloride or aniline to tung oil 
will inhibit gelatinization of the latter.®® Tung oil gels may be liquefied 
by heating at 100° C. in the presence of an acetone-insoluble reaction 
product of litharge and linseed oil.®^ 

A method of bodying tung oil by aeration below 250° F. is designed 
to prevent gelation.®® Previous to being heated or blown, the oil is dis- 

•• J. Hyman ami T. Greenfield, Ind. Eng. Chem., 1936, 28, 238; Chem. Ahs., 1936, 30, 2410; Brit. 
Chem. Abi. B, 1936, 335. W. W. Bauer, Ind. Eng. Chem., 1926. 18, 1249; Chem. Abs., 1927, 21, 659. 

H. Wolff, Z. Angew. Chem., 1926, 39, 10; Chem. Abs., 1926, 20, 3092. Chem. Umschau Fette, 
Oele, Wachee u. Ilaree, 1926, 33, 70; Chem. Aba., 1928, 20, 2910. 

»*T. F. Bradley, Ind. Eng. Chem., 1938, 30, 1087; Chem. i46s., 1938, 32, S803. W. F. Stark, 
Natl. Paint Bull., 1938, 2, 12 (Oct.); Chem. Aba., 1939, 33, 411. 

WW. W. Bauer, Ind. Eng. Chem., 1926, 18, 1249; Chem. Ab»., 1927. 21, 659. 
*«L. Auer, Ind. Eng. Chem., 1938, 30, 466; Chem. Abs., 1938, 32, 4361. Ind. Eng. Chem., 1938, 

30, 1087; Chem. Abs., 1938, 32, 8803. 
** L. Auer, loe. cit, 
•• E. Fonrobert and F. Pallauf, Chem. Umschau, Fette, Oele, IVachfic u, Harze, 1927, 34, 1; Chem. 

Abs., 1927, 31, 1193. 
••E. Fonrobert and F. Pallauf, Chem. Umschau, Fette, Oele, Wasche u. Harze, 1926, 33, 41; 

Chem. Abs., 1926, 20, 2418. 
•»A. Ruff, Farbm-Chem., 1986, 6, 416; Chem. Abs., 1936, 30, 3259. 
**R. D. Bonney and W. 8. Esce, U. S. P. 2.133,889, Oct. 18, 1938, to Congoloum-Naim, Ine.; 

Cham. Abs., 1880, 83, 880. 
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persed in castor oil which is non-volatile. After being blown, the oil is 
separated from the castor oil by exti*action with alcohol. In the proce¬ 
dure 4 parts of raw tung oil are mixed with 1 part of castor oil. The 
mixture is heated to 160° F., and 0.5 per cent of lead naphthenate incor¬ 
porated in the mixture. The whole then is aerated for 20 hours at 
160° F. The batch is cooled to 70° F. and is extracted with twice its 
volume of denatured alcohol. The upper layer consists of alcohol and 
castor oil and the lower layer of bodied tung oil. 

Employment of hydroxy- or polyhydroxyalkyl esters of fatty acids 
containing at least 12 carbon atoms per molecule is also recommended 
as a means of reducing the gclatinization tendency of China Wood oil.®® 
The tung oil is admixed with hydroxyethyl esters of China Wood oil 
acids in the proportion of 10 parts of oil to 3 parts of esters. 

Crystallization (gas crazing, gas-checking, frosting, flatting, wrin¬ 
kling, throwing out, mat drying and crazed drying) is the wrinkling of the 
tung oil fihn under certain drying conditions. Wrinkling, which occurs 
during drying at elevated temperatures, is said to be caused by rapid 
absorption of oxygen on the surface, forming a thin film (above the rest 
of the oil) which increases in volume on further oxygen absorption and 
forms folds and wrinkles.(3xygen and nitrogen oxides (or nitric acids) 
appear to be essential for crystallization to take place.Experiments 
with carbon dioxide and nitrogen are said to demonstrate that crystalli¬ 
zation does not occur in the absence of oxygen. 

The rate and extent of ciystallization are increased by factors which 
permit an acceleration of the rate of oxygen absorption. It was indicated 
that, when pure oxygen is used in place of compressed air (in the pres¬ 
ence of nitrogen oxide), the rate of formation of wrinkles is increased. 
In the absence of nitrogen oxides neither compressed air nor oxygen is 
reported to cause frosting in one hour. Hence the presence of nitrogen 
oxides ai)pear8 to be essential for mat drying to occur. The critical 
nitrogen dioxide concentration, necessary to produce crystallization in a 
given standard varnish, is 4 parts in 10 million parts of air.^®^ In gen¬ 
eral, crystallization tends to take place whenever the oxygen absorption 
rate is suddenly changed from a low^er to a higher value.^®^ Films which 
are subject to crystallization form gels on their surfaces. This phe¬ 
nomenon is employed as a test for crystallization-tendency of tung oil. 

Various means have been devised for preventing wrinkling. If the 
oil is extensively polymerized, it will not crystallize.^®^ Rapid heating up 
to 270 to 280° C. is said to prevent frosting by causing the rate of 

••aerxDAn P. 529.077, 1929. to I. Q. Farbenind. A.-O.; Chem, Abt,, 1931, 25, 5048. 
Fonrobert and F. Pallauf, Chem. Umnehau Fette, Octet Waehte u. Harte, 1927, 34, 1; 

Chem, Ab$.t 1927. 21, 1198. 
101 w. W. Bauer. Ind. Eng. Chem., 1925, 18, 1249; Chem. Abi., 1927, 21, 059. 
“»J. Hsrman and T. Greenfield, Ind. Eng. Chem., 1935, 28, 288; Chem. Xbi., 1935, 30, 2410; 

Brit. Chem. Ab$. B, 1935, 835. 
MiW. W. Bauer, loe, eU. 

>**W. W. Bauer, toe, eii. 
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polymerization to exceed the rate of conversion of alpha glycerides to 
beta glycerides. Since ali)ha glycerides do not crystallize easily, wrinkling 
is i)revented by the above treatment.Addition of 1 to 2 per cent of 
solidified tung oil, dissolved in a solvent, is said to be beneficial, if 
admixed with the raw China Wood oil. Another heating procedure, which 
is reported to produce non-frosting oil, comprises heating tung oil at 
120 to 260"^ C. until a viscosity of 3 to 150 poises is obtained. A solvent 
is added to the bodied oil and the vehicle is aged in air.^*^^ Rapid polymer¬ 
ization of tung oil is stated to be obtained by adding 0.5 pound of ferric 
linoleate to 50 gallons of oil, at a temperature of 400"^ C. Heating is con¬ 
tinued at temperatures above 400'^ C. until sufficient body is secured. 
Thinners usually are added to the cooled polymerized oil. The vehicle 
thus i)roduced is said to be non-wrinkling. 

Resin acids may be employed to convert eleostearin to monoelco- 
stearin. Since the ])resence of eleostearin is said to be the cause of mat 
drying, prevention of the latter phenomenon is said to be accomplished 
by this procedure. 

Compositions having highly satisfactory jiropertics are secured by 
bodying mixture.s of linseed and tung oil.'*’*’ Through ester interchange 
cither oil influences the other, giving a pale varnish that dries to a glossy 
film and does not smell as strongly as tung oil itself. Waterproofness 
and weather r(‘sistance, which are oth(‘r advantag(*s of tung oil, are of 
minor importance for printing ink vehicles in contrast to the ])aint indus¬ 
try. In paint compositions, in some cas(‘s, the rapid-drying tung oil (due 
to its eleostearic acid content) has been lessened by incori)oration of 
oleic acid, olein or other less active .substances.***^ Alkali-proofness, how¬ 
ever, is desirable for certain purpo.ses, c.(/., printing on soap wrappers, 
where alkali-proof inks are recpiired. Vehicles for these inks may con¬ 
tain tung oil and alkali-fast resins. 

Tung oil has been recommended as vehicle for high-gloss inks.^^* 
These inks dry to a very high glo.ss on a number of printing surfaces and 
eliminate the necessity for subse(|uent overprinting. The chief vehicle 
requirements for such inks are high .surface tension and high index of 
refraction. Tung oil posse.ss(‘s these characteristics, and in addition is 
quite fluid. 

Oiticica Oil. A natural oil, closely related to tung oil in composi¬ 
tion and properties, is oiticica oil. This is indicated in Figure 15, show¬ 
ing temperature versus gelation time for tung oil and oiticica oil and in 

E. Fonrobert, Paint Afanu/., 1935, 5, 364; Chcvi, Abs., 1936 , 30, 1593. 

'••A. M. Alvnrado, U. S. P. 2,112,354, Mar. 29, 1938, to E. I. du Pont de Nemours A Co., Chem, 
Ab$„ 1938, 32, 3992. 

F. Schneider, R. H. C/tw and E, E. Ware, Canadian P. 373,394, 1938, to Shorwin-Williams 
Co.; Chem. Abt.» 1938, 32, 4808; Am. Ink Maker, 1938, 16 (8). 37. 

»«H. Ulrich, Farben-Ztg., 1934 , 30, 704; Chem. Abs., 1934 , 28. 5688. 

C. Eokmanii, Farben^Chem.t 1935, 6, 295; Chem. 1936, 30, 2409. 

“•J. Scheiber, Farbe u. Lack, 1935, 411; Chem. Abs., 1935, 29, 8365. 
O. Chandler, Am. Ink Maker, 1937, 15 (9), 39; Rev. Paint, Colour, Varnish, 1938, 11, 24. 
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Figure 15. Effect of Temperature on Gelation Time of Tung and Oiticica Oils 
(S. O. Sorenson, C. J. Schumann, J. H. Schumann, and J. Mattiello). 

Figure 16, showing gelation time versus viscosity for these substances.^ 
The crude (unbodied) oil is said to be the form usually imported in the 
United States.^^^ The crude product is reported to be solid. However, 
Brazilian liquid oil (bodied, 'Tolimerisado Oil’') is available. A liquid 
form, known as ‘‘Cicoir’ is reported to retain its smooth, liquid con¬ 
sistency indefinitely, if stored at ordinary temperatures.^ 

In the crude state, oiticica oil is said to produce wrinkled films (gas 
checking, frosting, crystallization). If white pigments are used, wrinkling 
may be prevented by introducing 3 per cent of lead and 5 per cent of 
glycerol into the heated oil.^^® 

30 60 ^ liO 

Figure 16. 

Effect of Viscosity on Gelation Time 
of Tung and Oiticica Oils at 540® F. 
(S. 0. Sorenson, C. J. Schumann, J. H. 
Schumann, and J. Mattiello). 

Courtety Induttrial and Engineering Chemietry 

^8. O. 8orei»on, C. J. Schumann, J. H. Schumann, and J. Maiti^o, Ind. Eng, Chem,. 1038. 
30, 211; Chem. Abi., 1038, 32, 2760. 

“•M. J. Hauaraan, Am, Ink Maker, 1037, 15 (1). 16; Chem, Ab»., 1087, 31, 2840. 
i^Am, Ink Maker, 1088, 16 (7), 37. 

A. Gardner, Nail, Paint, Vamieh db Lacquer Auae» Cire„ 1034, No. 470, 213; Chem, Abe,, 
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Frosting or wrinkling of oiticica oil may be avoided by heating the 
oil in contact with air to about 120-260® C. until a viscosity of 3 to 150 
poises is obtained.^A solvent such as ^'mineral spirits” is admixed with 
the oil, after heating to the viscosity described above, and the oiticica oil 
is then aged in contact with air. 

Oiticica oil is used as a substitute for tung oil. The advantages of 
oiticica oil over tung oil are said to be: formation of more durable, 
glossier surfaces, freedom from skinning, and decreased wrinkling. Oiti¬ 
cica oil films have less resistance to boiling water than those made with 
tung oil.^^^ The drying time of oiticica is reported to be longer than for 
tung oil. This disadvantage may be overcome by using larger quantities 
of driers such as lead and cobalt driers (see Chapter 4.)^^** Though tung 
and oiticica oils have defects, it has been stated that use of the two oils 
together will in many cases eliminate the faults of both.^^® If one-third 
of the required amount of tung oil is replaced with oiticica oil, films are 
obtained which have a satisfactory luster. If one-half or all the tung oil 
is replaced with oiticica oil, a relatively larger amount of drier is neces- 
sary.^20 Nonwrinkling rapid-drying films are stated to be secured by 
mixing oiticica with other drying oils.^^i 

Bodied oiticica oil may be prepared by heating the oil at 270° C. 
(518° F.) for 30 minutes.’-- Other bodying temperatures recommended 
lie in the range 435-490° F.’-^ Also, it has been recommended that 
oiticica oil be heated to 250° C., with constant stirring, over a period of 
20 hiinutes. The oil is held at this temperature for one-half hour.^^** A 
stand oil is reported to be produced by this process. 

Both tung and oiticica oils have a tendency to gelatinize.^-^ The 
gelatinization of oiticica oil is said to result from the decomposition, at 
250° C., of keto acids with the expulsion of carbon dioxide and the 
formation of ketones.’-® On further heating, water is given off and highly 
unsaturated hydrocarbons arc formed. The latter polymerize to form a 
rubber-like substance, which is insoluble in most solvents but which 
may be decomposed by alkalies into hydroxyacids. Heating at 316° C. 
produces no gelation, even when heat is applied for a long time.’-^ 

Af. Alvarado, U. S. P. 2,112,354, Mar. 29, 1938, to E. I. du Pont de Nemours A Co.; Chem. 
1938, 32, 3992. 

M. J. Hauaman, loc. at. 
'WAm. Ink Maker, 1936, 14 ( 9), 35. 
i'»C. P. Holdt, Nat. Paint Ball., 1937, 1, 10; Chem. Abs., 1937, 31, 3716. Drugs, Oils, Paints, 

1936 , 51. 191, 194, 196; Chem. Abs., 1936, 30, 5060. 
Paint and Drug Reporter, 1935, 128 (22), 53; Chem. Abs., 1936, 30, 4699. 

H. A. Gardner, Paint, Varnish Production Mgr., 1936, 14 (6), 16, 18, and 30; Chem. Abs., 1936, 
30, 5432. 

iMM. J. Hauaman, Am. Ink .Maker, 1937, 15 (1), 16; Chem. Abs., 1937, 31, 2840. 
S. O. Sorenson, C. J. Sclmmann, J. H. Schumann and J. Mattiello. Ir.d. Eng. Chem., 1938, 

30, 211; Chem. Abs., 1938, 32, 2766. Oil, Paint and Drug Reporter, 1935, 128 (22), 53; Chem. Abs., 
1036, 30, 4699. 

E. Slock, Farheu-Chem., 1936, 7, 45; Chem. Ahs., 1936, 30, 5059. 
^Am. Ink Maker, 1936, 14 (9), 35. W. W. Bauer, Ind. Eng. Chem., 1926, 18, 1249; Chem. Abs.. 

1927, 21, 659. 
“•A. Machado ancl A. 8. Peixoto, Rev. Chim. Ind. (Rio de 7anciro,^, 1937, 6» 464; Chem. Abs., 

1988, S2, 8647. 
^ 8. O. Borenaon, C. J. Schumann, J. H. Schumann and J. Mattiello, loc. eit. 
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The characteristic unsaturated acid of oiticica oil is reported to be 
licanic acid.^-^ This acid is said to exist in a cis and trans fonn.^-® The 
average composition of oiticica oil with respect to the glyceride structure 
is stated to be as follows: 

Per cent of unsaturated acids, conjugated diene system. ... 73 
Per cent of other unsaturated acids. 16 
Per cent of saturated acids. 11 
Mean molecular weight of saturated acid. 274 

Table 9.—CompOvsition of Oiticica Oil.'“ 

Per cent 

Saturated acids (Bertram method) 10.7 
Oleic acid 5.9 
Licanic acid 78.9 
Glycerides of saturat('d acids 11.2 
Glycerides of oleic .acid 6.2 
Glycerides of licanic a<*id 81.7 

The physical pro[)erties of the crude oil are indicated in Table 10. 

Table 10.—Physical Properties of Oiticica Oil. 

Property \nh\e 

Sp(’cific gravity 0.9700 
Refractive ind('X (15..5'’(\) 1.5181 
Refractive imh x (25° C.) 1.5116 
Free fatty acids as oleic (Vf) 2.11 
Equivalent aci<l number 4.19 
Saponification number 186.8 
Iodine number (Wijs) 160.6 
Un.^aponifiable matter (fv ) o.e^i 
Moisture, volatile matter i^/r) 0.15 
Insoluble impurities (%) 0.02 
Heat tc.st, quality: 

Initial coagulation 9.5 

Completr* coagul.itir.n 12.5 
Consistency: lip:ht, .-^oft and .<ticky. 
Color: clear golden yellow. 

minute's 
minutes 

Castor Oil. Castor oil, in admixture with turpentine, linseed stand 
oil and similar varnishes, has been employed in making offset printing 
inks.*®' However, as this vegetable oil is practically non-drying, it is of 
little value in most inks, except as a plasticizing agent, or as a solvent 
for coal-tar dyes. Distillation of castor oil does furnish an oily product 
possessing drying properties. This transformation, as is well known, is 
due to the loss of water from the ricinoleic acid radical (which contains 
a hydroxyl group close to a double bond) with the result that it is 

^ W. B. Brown ami E. A. Fanner, Biorh^m, J., IM.'S, 29, 631; Chem. Ah»., 29, 6294. 
*»R. 8. Morrell ami W. U. I)nvi«, J. C. S.. 1936, 1481; (’hrm. Ahx., 1937. 31, 368. /. Oil Colour 

Chem. Am»oc., 1936, 19, 359; Chem. Ahg., 1037, 31, 5607. l*atnt Vnrninh Production Mqr., 1937, 16* 

J. Hou.w»an, Am. Ink Maker, 1937, 15 (\). 16; Chr m. Ahg., 1937, 31, 2840. 

“»C. P. Shaw, U. 8, P. 2,043,397, June 9, 1936, to Detroit Moulding Corp.; Chem. 1936, 
30, 6486; Brit. Chem. Ahg. B, 1937, 1242. 

*«W. Obat, AUoem. Oel u. Fett-Zta., 1934, 31 (2), 58; Rev. Paint, Colour, VarnUh, 1934, 1, 07. 
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clianged into an isolinoleic acid radical. Or, stated in other words, dis¬ 
tillation of the glycerides of ricinoleic acid (characteristic of castor oil) 
furnishes the glycerides of isolinoleic acid fa drying oil).^^® 

The residues from distillation also serve as printing ink vehicles.^^^ 
In this connection it is noted that distillation residues from cottonseed 
oil or stearin (i.e., cottonseed foots or stearin pitch, respectively) 
may be employed as printing inks. When cottonseed foots are used, 
because of its bluish black color, addition of carbon black to the ink 
composition is not always necessary. 

Dehydrated, or distilled, castor oil has better drying power than lin¬ 
seed oil, resembling tung oil rather closely in its properties'^® and is 
almost odorless.'**7 It is now manufactured commercially in the United 
States and elsewhere. It is reported that dehydrated castor oil, when 
substituted for tung oil in varnishes normally containing tiing-perilla 
oils and resins, gave inferior drying power and body to the product. 
Other treatments of castor oil yield similar products;'^® catalysts such 
as aluminum oxide and metallic zinc mav accelerate the process.'^® 
Reaction of the hydroxyl group (in castor oil) with unsaturated fatty or 
resin acids gives rise to esters which are said to be drying oils.'^' 

Synourin oil (Scheiber Oil, Synouryn Oil, or dehydrated castor oil) is 
said to be a synthetic triglyceride of octadeca-9,ll-dien-l-oic acid.'^^ 
It is prepared by the Scheiber method from castor oil.'^® In the process 
of manufacture, castor oil is heated at 200 to 250® C. in the presence 
of a substance which retards thickening or gelatinization, until a product 
having an acid number of about 30 or less is obtained. The added sub¬ 
stance may be a fatty oil (such as linseed oil), naphthenic acid, poly- 
hydric alcohols, sulphur, natural or synthetic resin, selenium, a halogen 
or a primary amine. A similar method of preparation comprises heating 
castor oil for one hour at 250 to 300® C. in the presence of 0.5 mol of 
phthalic anhydride for each mol of hydroxylated fatty acid in the castor 
oil.'^^ A catalyst, which is employed at temperatures of 220 to 230® C. 
for a time interval of one hour, is ascanite (askanite, bentonite).'''^ Six 

'**J. B5ewkf*n, W. C. Smit nn«l Oiwter, Proc. Acad. Sci. Amsterdam, 1929. 32, 377; Chem. Abs., 
\m, 23, 4192; Brit. Chem. Abs. A, 1929, 910. F. Frit*, Chrm. Umschau, 1920, 27, «2; Chem. Abs.. 
1920. 14, 2093. 

Scheiber. Grnii.nn P. 522,277. 1928; Chem. Abs., 1931, 25, 3184. 
»«J. J. Bibby, Hritij^h P. 12.803. 1893; J. S. C. I., 1894, 13, 145. 

Peintures, piaments, vemfs, 1934, 11 (8). 173. 
Scheiber. German P. 522.486. 1928; Chevf. Abs., 1931. 25, 3184. 

^»Nat. Paint, Varnish Assoc.. Sci. Sect., 1938, Circular 568, 359, (Northwestern anb); Brit. 
Chem. Abs. B, 1939 . 77. A. Adams, et al., (Northwestern C^ub), Am. Paint J., 1938, 23, O)nvention 
Daily 22; Chem. Abs., 1939, 33, 415. 

***8oe Carleton Ellis, “The Chemistry of Synthetic Resin.s," Reinhold Publishing Corp., New 
York, 1935. 

N. Tyut5rtmnikow and Y. O. Borisyuk, Russian P. 37,211; Chem. Zentr., 1935, 106 (2), 3016. 
Ott and B. Breyer, Qerman P. 572,359, 1929, to T. Q. Fnrbenind. A.-G.; Chem. Abs., 1933, 

27, 8627. 
Sohaiber, Parbe u. Lack, 1936, 361; Chem. Ab.s., 1936, 30, 86.57. 

*«J. Sohaiber, German V. 555,496, 1929; Chem. Abs., 1932 . 26, 5223. ,T. Rinse and W. H. Wiebola, 
Ind, Eng. Chem., 1987, 29, 1149; Chem. Abs., 1937, 31, 8956; Bcv. Paint, Colmtr, Varnish, 1937, 
10, 401. 

8. L. M. Saunders, British P. 487,681, 1938; Brit. Chem. Abs. B, 1939, 72; /. Inst. Pet. Tech., 
1938, 24, 506A. 

Zinoviev. Mastoboino Zhirovoe 1938, No. 4, 32; Brit. Chem. Abs. B, 1938, 1445. 
Ascanite or aakanite is a form of bentonite mined at Askana, Caucasus, U.S.S.R. (A. L. Lyubimov, 
Inst, Scon, Mineral, Trans., 1933, 10-7e«r Volume, 73 (U.8.S.R.); Chem. Abs., 1935, 29, 2314.) 
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to 8 per cent of kaolin may also be used for the same purpose at 275 to 
280® Other catalysts suggested are tungstic oxide, uranium oxide 
or molybdenum oxide. With these oxides zinc oxide or ferric chloride 
may be admixed.^^^ Sodium bisulphate, inert earthy materials and suffi¬ 
cient acid to dehydroxylate the castor oil are heated, at temperatures 
of 350 to 500® F., with the castor oil, in another method. 

Synourin oil is recommended for use in printing inks,'**® and is said to 
be satisfactory (drying more rapidly than linseed oil), except for a slight 
stickiness of the film (from traces of ricinoleic acid).'*'^® The physical 
properties of this product are said to be as follows: iodine number (Wijs), 
120.5; viscosity (G-H scale), G; color (Hellige), IL-I; does not gel in 
2 hours under Brown heat test; specific gravity, 0.937; index of refraction, 
1.487 (25® C.)and acid value, 35}^^ 

Synourin oil is said to dry with a minimum of decomposition and 
to form a stable film. These properties are reported to make the 
Scheiber oil superior to iinsaturated fatty oils with non-conjugated double 
bonds, to fatty oils containing acetylene linkages, and to tung oil.'®^ 
This oil is said to improve the ageing qualities of films.'®** 

Drying oils secured by eliminating water from fatty glycerides con¬ 
taining hydroxyl groups may be esterified with glycerol.'®® The esterifi¬ 
cation step was reported to increase the drying properties of the 
dehydrated glyceride. 

Cashew Nut Shell Oil. Cashew nut shell oil is not a drying oil, but 
consists of phenolic compounds with long side-chains. After special 
treatment, e.g., with maleic acid, it does possess drying properties and 
may be used as a varnish base.'®® The oil frequently causes skin erup¬ 
tions'®^ on persons susceptible to poison ivy (see Chapter 14). Gelation 
of the quick-drying oil may occur during storage of the ink composition 
of which it forms a part.'®® 

Rosin and Rosin Oils 

Addition of rosins to natural oils formerly was regarded as an adul¬ 
teration '®® because of their low price. However, some workers called 

V. aivl .V. V. Sakl.arnov, Org. Chem. Ind. 1M8, 5, 203; Chem. Abn., 
1038. 32, 8168. 

A«F. Munirel, 8wi»a P. 193.931, 1938; Chem. Abs., 1938, 32, 7291. 
A. Schwarrman, U. 8. P. 2,140,271, Dec. 13, 19M, to Rpencer Ki^lloRg nrul Sons, Inc.; Chem. 

Ab$., 1939, 33, 2744. 
M*J. Scheiber, German P. 522,277, 1928; German P. 522,486. 1928; Chem. Ahi., 1931, 25, 3184. 

A. Zinoviev, Manloboino Zhirovoe Delo, 1938, No, 4, 32; Brit. Chem. Ab». B, 1938, 1445. 
*** O. G. Sward, Am. Faint and Varnish Mfr$. Assoc. Circ., 1931, No. 377, 126; Chem. Abs., 1931, 

25, 1689. 
««J. Rinac and W. H. G. Wiebola. Ind. Eng. Chem., 1937, 29, 1149; Chem, Abt., 1937, 31, 8956; 

Rev. Paint, Colour, Varnish, 1937, 10, 401. 
M*J. Scheiber, Farbe u. Lack, 1935, 411, 422; Chem. Aba., 1935, 29, 2365. 
^ A. Nauroy, Peintnrrs, pi(/ments, vernia, 1937, 14, 210; Chem. Aba,, 1938, 32, 6081. 
“•French P. 828.203, 19.38. to 1. G. Farbenind. A.-G.; Chem. Aba., 1939, 33, 417. 

Carleton Ellia, U. S. V. 2,033,133, March 10, 1936, to Ellis-Foater Co.; Chem. Abs., 1936, 30, 
3263. German P. 562,646, 1928, to Harvel Corp.; Parben-Ztg., 1933, 38, 434; Chem. Abs., 1033, 
27, 1217. 

»*»L. Tulipan. Ind. Med., 1936, 5, 626; Chem. Abs., 1937, 31, 2455. 
For a review of patents relating to synthetic drying oils, ace A. W. Van Heuokeroth, Natl, 

Paint, Vamiah, Lacquer Assoc., 8ei. See. Ctre., 1937, 531, 123; Chem. Aba., 1987, 31, 4835. 
“•F. H. Leeds, la.C.l., 1894, 13, 208. 
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the blending of oils with rosins uneconomic, since large quantities of the 
vehicle are required, but nevertheless these varnishes were recommended 
because of their improved properties, such as luster and hardness.^®® It is 
now known that greater drying and bodying power will be imparted to 
the varnish through blending with rosins.^®^ Wood rosins are considered 
superior to gums, since the former give tack and flow without imparting 
deleterious effects to the ink, such as slow drying, livering or excessive 
tack.^®2 Satisfactory varnishes are derived from rosin oils after partly 
or completely esterifying,^®® dehydrating or reacting with a sulphonic 
aromatic acid.^®® It is recommended that rosin be admixed with 15 per 
cent or less of a rosin-distillation residue before incorporation into print¬ 
ing ink.^®® Resinic acids and rcsinates dissolved in a petroleum fraction 
also serve as drying oil substitutes.^®^ Saponified rosin is suggested as a 
substitute for linseed oiP®® (100 parts of rosin are saponified with 18 
parts of caustic soda). 

A study of the effect of rosin and rosin oils on news inks indicates ^®® 
that: 

(1) Viscosity of ink is slightly increased by rosin (Figure 17). 
(2) The rate of penetration of the paper by the ink is slightly 

increased when rosin is employed (Figure 18). 
(3) *‘Draw outs’^ indicate no change in color strength of inks by 

the inclusion of rosin. 

The above statements are limited to compositions containing 5 per cent 
or less of rosin. If more than 5 per cent of rosin or if a low grade of 
rosin i.s employed, the phenomenon known as ^'strike through” will 
result.In order to decrease ‘^strike through,” it is preferable to employ 
a non-staining oil rather than to use rosin which at best can produce 
only a slight decrease in this effect. 

It is considered too expensive to use rosin to increase the viscosity 
of ink. Increased viscosity can be obtained more cheaply by the employ¬ 
ment of an oil of higher viscosity. In general it may be said that wood 

Pfanner, Farhnx-Chrm., 193«, 7 (6), 209; Chem. Abs., 1936. 30, 8657; Brit, Chein. Abs, B, 
1936, 700. 

^«L. M. Larsen. Vroc. Aw. Soc. Mat., 1926 (65), 17; Chem. 1926 , 20, 3090. 
5«J. M. Schant*. Am. Ink Maker, 1930, 8 (6), 55; P. 1. A. Abs,, 1930 4, 262. 

R. C. Palmer and P. O. Powers, U, S. P. 2,022.973, Doc. 3, 1935, to Newport Industries, Inc.; 
Chem. Abu., 1936, 30, 886; Brit. Chem. Abs. B, 1936, 1167. 

Fdhrc, German P. 576.262, 1933; Farben-ZtQ., 1933, 38 (40), 1114; Chem. Abs., 1933, 27, 
8835. 

A. C. Johnston. U. S. P. 1.975,211, Oct. 2, 1934, to Hercules Powder Co.; AT. P. V. L, Abs., 1934, 
No. 83, 376; Chem. Abs., 1934 , 28, 7561; Brit. Chem. Abs. B. 1935, 814. 

^«I. W. Humphrey, U. S. P. 1,931.226, Oct. 17, 1933, to Hercules Powder Co.; Chem. Abs., 1934, 
28, 852. 

Adamyan, Ve/f, 1935, 6 (11), 19; Chem. Abs., 19.38 , 30, 3666. 
»«S. Banner. British P. 29,728, 1897; J.S.C.I.. 1898, 17, 1158. 
’®*B. L. WehtnhofT, D. P. CHark and D. H. Boyce, "Newsprint .ami News Ink," U. S. Gov. 

Printing Office, Tech. Bull. No. 18. 

A draw out is a small nortion of a colored paste spread out in a thin layer on a sheet of 
white paper to indicate its color properties. 

"Strike through" is a term employed to desiipiate the yellow stain which is eaused by the 
penetration of the sheet by the ink. 
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Viscosity in poises 
Courtesy United States Government Printing Office 

Figure 17. Effect of Addition of Rasin on Viscosity of News Ink (B. L. Wchmhoff, 
D. P. Clark, and D. H. Boyce). 

rosins have a lesser tendency to crystallize from varnish than gum 
rosins.^^^ 

Rosin oil is reported to contain at least 61 organic compounds. 
Abietic acid, colophene and three oils of the composition C20H32 are 
said to be the main substances present in this oil. 

Products similar to rosins are prepared from pine tar, which attains 
drying properties after being heated with lead, manganese or copper 
salts.^^® Dipentene and turpentine also can be converted into drying 

*”B. L. Wehmhoff, D. P. dark and D. H. Boyce, loc. cit. 
Lagerquiat, Svensk Kern. Tidt., 1925. 17, 80; Chem. Abs., 1925, 19, 2881. 

E, Koccht and N. B. Maurice, J. Soc. Dyers and Col., 1925, 41, 855; Brit, Chem, Abt. B, 
1925, 21. 

»toM. M. Chilikin, Huaaian P. 154, 1922; Chem, Abs., 1933, 27, 4428. 
^^•L. P. Rankin, U. S. P. 1,910,554, May 28, 1928; Chem, Abs., 1938, 27, 4108; Brit. Chem. Abs. B, 

1984, 108. 
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Time of j)enetrati(m in seconds 
Courtcfty Vuitcd States Government Printing Office 

P'levtiK 18. Effort of Per Cent Rosin Oil Varnish on Time for Penetration of 
News Ink (B. L. Wehmhoff, D. P. Clark, and D. H. Boyce). 

oils'"^ after treatment with ozone and sulphuric acid^‘^ or with alumi¬ 
num chloride. 

Tall oil (rosin oil, talliil, pinoUdn, licpiid rosin, pine oil, “fluid resin,’’ 
or Swedish olein) is a dark brown, viscous liquid, obtained as an alkaline 
waste liquor in the sulphate pulp process.^Three products from tall oil 
are sold commercially, namely, tall oil, tall oil distillate and tall oil 
pitch. 

’”SfO Carlcton Kllis, “The Chemistry of Synthetic Resins,” Rcinliold Publishing Corp,, New 
York, 1935. 

Aw. Fin,, 1933 . 3 ( 36). 149. L. P. Rankin. U. S. P. 1,886..*>86, Nov. 8, 1933, to Hercules 
Powder ; Hrit. Clum. Ahs. B, 1933. 718; Chem. Ahs., 1933. 27, 1528. 

M. CcM.per, U. S. P. 1.938,321». Doc. 5, 1933, to Culf Hehnmn Co. ; A.P,\ ,M. 1934, 
23, 19; Chem. Abs.. 1934 , 28, 1184; Hnt. Clicm. Abs. B, 1934 , 895. 

im) vv. So,hiiud, Paptvr-Fabr., Teil, 1931, 29, 1; Chem. Abs., 1931, 25, 3165. ZeUsioff 
u. Papier, 1933, 13, 671; Cfum. Abs., 1934 , 28, 2529. J. Ilubsehcr, Seifensiedcr-Ztg., 1921, 48, 231; 
Chem, Abs., 1921, 15, 2177. Freinig, OberfiachenUch., 1938, 15, 190; CAcin. Abs., 1939, 33, 415. 
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The properties of these materials ar^ shown in Table 11. 

Table 11.—Properties of Tall Oil Products. 
Tali Oil Tail Oil Distillate Tall Oil Pitch 

State Viscous liquid Liquid Solid 
Color Dark brown Light yellow Black 
Odor Like rancid lard Like rancid lard 
Sediments Crystalline Crystalline .... 
Index of =0.976 .... .... 

refraction 
Acid number 114.5 151.6 50.3 
Saponification 1293 1622 755 

number 
Unsaponifiablc Present 18 per cent 

matter 
Iodine number 106.7 .... 
Specific pTavity « • • • 0.958 

K°‘c. Drop point .... 

Analysis of tall oil is reported to indicate that it is composed of 2.2 
per cent petroleum ether-insoluble material, 12.4 per cent unsaponifiablc 
matter, 30.4 per cent resin acids and 54.9 per cent of “fatty acids.” 
The unsaponifiablc material is said to contain 2 per cent phytosterol 
(C2eH440, melting point, 136° C.) and hydrocarbons similar to those in 
rosin oil. The rosin acid is abietic acid, and the fatty acids are all 
unsaturated, being mostly oleic, linoleic and linolenic acids.'®^ 

Tall oil, in the crude state, even when esterified with glycerol is 
reported to dry very slowlyd^^ However, if this material is admixed with 
drying agents, it is said to dr^’^ to a brittle fihrid®*’' Tall oil distillate (acid 
value of 180), esterified with glycerol, is recommended as a substitute 
for linseed oil,'*^ Tall oil pitch is used in printing inks.^**^ 

A disadvantage of rosins is their high acid number, which renders 
the ink likely to liver. To overcome this obstacle it became customary to 
esterify the rosins with glycerol or ethylene glycol, and these ‘‘ester gums’’ 
are held to constitute the first artificial resins. Since then many other 
synthetic resins have been developed which give a variety of outstand¬ 
ing products. They are used either in connection with drying oils or 
alone as varnishes and can no longer be regarded as substitutes, but are 
now factors of vital importance. 

Emulsions 

In recent years water-oil emulsions have made much progress because 
of their inexpensiveness. They are very helpful for certain types of print- 

^ M. Dittmer, Z. Angew. Chetn., IWC, 39, M2; Chem. Abt., 19M, 20, 2072. 

'**W. Schmid, loc. eii. 
M. Dittmer, loc, eii. 

«<n. Reincrt, Parbe u. iMck, 1936, 461; Chrm. Abi., 1937, 31, 5603. 

Wolff, Parben-Ztg., 1919, 24, 653; Chem. Ahn., 1919, 13, 2289. 
Darken, German P. 526.491, 1928; Paint Manuf., 1986, 6, 396. II. Heine, t, he. cit. 

""W. Schmid, Parben^Chemikar, 1931, 2, 806; Chem. Ab»., 1981, 25, 5582. Concemln® tall oil. 
me also: Garleton EUk, ''Chemiftoy of SynthaUc Raainf,** Reinhold Publishing Corp., New Yoric, 
1985. 
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ing inks and will doubtless come to be used a great deal in the future. 
Gum arabic,^®® glue and gelatin^®® serve as stabilizers. Emulsions and 
their applications to printing inks are discussed fully in Chapter 13. 

Addition of Other Materials 

Mixtures of natural oils with grease, proto- and pyroparaflSn or 
wax,^®® waste sulphite cellulose liquors with rosin,stearin or soap,^®- 
and mineral-oil-free mineral oil alkaline sulphonates ^®® have been recom¬ 
mended as inexpensive printing ink vehicles. Also, it has been suggested 
that the tar fraction (b. 200-300° C.) from peat be neutralized,, dewaxed, 
and mixed with linseed oil to furnish a litho-varnish.^®'* However, mate¬ 
rials arc not always added only in order to keep the price of the ink 
low. Some ingredients, on the contrary, are rather expensive, particu¬ 
larly certain cellulose ethers and esters,^®^ but they impart excellent 
properties to the vehicle. As overprint varnishes they are often used 
without drying oils.’®® A type of nitrocellulose completely soluble in 
methanol has been especially mentioned in this connection.^®^ Flexibility 
and good adhesion of films from cellulose esters or ethers make them 
useful particularly in tin-printing inks. 

The employment of nitrocellulose as the main or essential binder in 
a printing ink composition is objected to by some, who assert that a paper 
heavily printed with such an ink is rendered too inflammable for general 
use. It is suggested that nitrocellulose of low viscosity be admixed with 
castor oil to form a vehicle.^®® 

Other Vegetable Oils 

Records show that consumption of linseed oil for printing ink vehicles 
is the highest as compared to other materials;’®® but many vehicles con¬ 
sist of different products. Lumbang oil (candlenut oil),-®® resembling 

i«W. Fabrion, Chetn. Umschau, 1920, 27, 38, 122; Chem. Abt^., 1920, 14, 2556, 2993. J. R. Gci«y, 
German P. 524,109, 1927; Chem. Abs., 1931, 25, 3855. J. Marogcr, Belgian P. 392,349, 1934, Chem. 
Zentr., 1935, 106 (2), 3983, 

J»W. G. Dewsbury and A. Dav ies, U. S. P. 2,014.760, Sept. 17, 1935; N.P.V.L. Abs., 1935 . 40, 
212; Chevi. Abs., 1935, 29, 7678. British P. 441,571, 1936; Chem. Abs., 1936, 30, 4702; Brit. Chem. 
Abs. B, 1936, 286. 

»»S. Ilorii, Japanese P. 90,585, 1931; Chem. Abs., 1931, 25, 4724. 
T, Hynson and F. C. Stephens, British P. 215,824, 1923; Chem. Abs., 1924, 18, 3484; Brit. Chem. 

Abs. B, 1924, 604. 
I. B. Andrianov, Russian P. 31,948, 1933; Chem. Abs., 1934 , 28, 3605. 

“•German P. 618,284, 1935, to Twitchell Process Co.; Chcm.-Tech. Ubersicht, 1935, 59, 195; 
Chem. Abs., 1936 , 30, 309. 

*«*G. I. Yudos, Russian P.'50,860, 1937: Chem. Zentr., 1938, 109 ( 2), 428; Chem. Abs., 1939, 33, 
4065; Rev. Paint, Colour, Varnish, 1938, 11, 365. 

“•British P. 811,795, 1928, to I. G. Farbenind. A.-G., Chem. Abs., 1930, 24, 980. W. Fahrion, 
Chem. Umschau, 1920, 27, 88, 122; Chem. Abs., 1920, 14, 2556, 2993. British P. 286,789, 1926, to 
I. Q. Farbenind. A.-G.; Chem. Abs., 1929, 23, 513. Cellulose acetate is dissolved in a mixture of 
80 parts of water and 60 parts of glycerol monoformal. 

’••British P. 450,454, 1936, to Celluloid Corp.; Chem. Abs., 1936, 30, 8434; Brit. Chem. Abs. B, 
1936, 895. 

Am. Ink Maker, 1936, 14 (9). 37. 
^ French P. 698,639, 1930, to I. G. Farbenind. A.-G.; Chem. Abs., 1931, 25, 3184. 
“»M. J. Hausman, Am. Ink Maker, 1987, 15 (17), 16; Chem. Abs., 1937, 31, 6486. 
■••A. P. West and F. L. Smith, Md. Bur. Forestry, Philippine Islands, 1923, Bull. 24; Chem. Abs., 

1924, 18, in. 
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linseed oil very closely, is used in the Philippine Islands and the East 
Indies.-**^ Tomato-seed oil is recommended as a drying oil.-^^- 

Perilla oil, having a higher iodine value and greater drying power, 
also replaces linseed oil to a certain extent despite the fact that some 
workers maintain that the latter oil dries faster.-^^^ Perilla oil is said 
to have the properties indicated in Table Perilla od is reported to 

Table 12.—Properties of Perilla Oil. 

Iodine number 
Acid number 
Saponification number 
Index ot* refraction (at 20C.) 
Hexabromide number 
Den5;ity (sp. gr. at 20® C.) 

198.6 to 202.4 
0.613 to 0.714 

182.15 to 186.62 
1.4S3 to 1.4835 

54.;iS to 59.85 
0.9348 to 0.9358 

be superior to linseed oil in the following respects: rate of drying after 
addition of 0.035 per cent of cobalt drier, rate of bodying on heating to 
250° C., rapidity of drying of stand oils, and rate of thickening on blow¬ 
ing with air at 150° It is stated that perilla oil when heated has a 
strong tendency to evolve heat. This property is said to cause rapid 
temperature rises with attendant fire and explosion hazards.-^^^ Blown 
soybean oil is sometimes employed as ink vehicle. Soybean oil is said 
to be greatly inferior to linseed oil in the following respects: rate of dry¬ 
ing after addition of 0.035 per cent of cobalt drier, rate of bodying on 
heating to 250° C., rapidity of drying of stand oils, and rate of thick(*ning 
on blowing with air at 150° C.-^*** However, soybean oil may be employed 
together with oiticica oil to prevent gelation. 

A satisfactory drying oil may be produced by rapidly luxating together, 
under pressure, equal quantities of tung and soylx^an oils until a teinjier- 
ature of 355° C. is attained.-'^ The amount of time consumed in this 
process should be sufficient to .secure a substantial reduction in the index 
of refraction and an increase in the specific gravity, acid number and 
viscosity, but the time must be sufficiently brief to avoid gel formation. 
The preferred time is 22 seconds. As soon as a temperature of 355° C. is 

The properties of candicnut oil are rcpoite<l to be as follows: (len.Hity 0.9,3.5, itulim* inimber 
111.4, saponification number 195.8 and free acid a.s oleic, 1,1 per cent. (G. 1). V. Gi'orKi, Malai/an 
A(fr, J., 1926, 14, 290; Chem. Abg., 1927, 21, 662.) 

2®* M. Brambilla and G. Balbi, Chimica e Industrui, 1938, 20, 591; Brit. Chem. Abn. B, 1939, 76. 
However this oil is said to produce tacky films, to have small drying power, to have high acidity, 
and to be unstable in the atmosphere, ft may be cmploycxl in ciinjunction with large quj»ntiti<*8 of 
linseed oil. Stand oil is made by heating tomato-seed oil at 330® C. for 8 hours. 

Ogura, /. 8oc. Chem. Jnd., Japan, 1937, 40, tuppU bind., 877B; Chem. Abs., 1938, 32, 1952; 
Brit. Chem. Abs. B, 1938, 298. 

H. L. Tchang and C. L. Ling, Bu/l. Faculte Set. Univ., Pranco-Chinoise, Pciping, 1935 , 4, 1; 
Chem. Abs., 1936, 30, 4699. 

M. S. Dunin, N. 8. Torman, R. M. Erastova and E. A. Buikova, Trudui Nauch-Issledovatef. 
Inst. LaKov i Krasok, 1935, No. 1, 20; Chem. Abs., 1936, 30, 7887. 

"•H. Kemner, Farhe u. Lack, 1937, 595; Chem. Abs., 1938, 32, 1494. 
»®»Braucr, Farhen-Ztg., 1938, 43, 1252; Farhe u. Lack, 1938, 535, 545; Chem. Abs., 1939, 33. 1522. 
** A. J. Lewis and K. 8. MarUey, Paint, Oil and Chem. Rev., 1938, 100 (22), 8; Brit. Chem. 

Abs, B, 1936, 749. H. Y. CHiang and T. H. Chang, Chemistry (China), 1935, 2, 296; Brit. Chem. 
Abs. B, 1936, 749; Chem. Abs., 1935 , 29, 6443. 

Kemner, Farbe u. Lack, 1937, 595; Chem. Abs., 1038, 32. 1494. 
F. Taggart. U. S. P. 2,113,358, AprU 5, 1938: Chem. Abs., 1938, 32, 4364. Am. Soybean 

Assoc. 16th Ann. Meeting, Proc,, 1936, 47; Chem. Abs., 1037, 31, 4513. Drugs, Oils, and Paints, 
1938, 53, 177; Chem. Abs., 1938, 12, K46. 
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attained, the mixture is immediately chilled. The product is said to have 
excellent drying properties and to lack the disadvantages of the individual 
oils employed in its manufacture. 

“Nonbreak” soy-bean oil is recommended for varnishes.^^^ Such an 
oil is described as one which shows little or no precipitate and which 
bleaches to a colorless or a very pale yellowish-colored oil, when heated 
to 600® F. A break oil, on the other hand, is one which develops a dark 
color and which produces a dark colored precipitate when heated to 
600® F. Drying time and Gardner break are proportional to the per¬ 
centages of phosphatides (phosphorus content expressed as lecithin) in 
the crude oil.^^'* The i)hosphatides of crude soybean oils are removed in 
the commercial production of nonbreak oils by acid or alkali refining. 

Sunflower-seed oil may he utilized as a drying oil, either as a stand 
oil or in the form of a dehydrogenated product. Stand oil may be 
obtained by first removing the break from the raw oil by heating and 
settling, and then simultaneously blowing with air and heating at 135 to 
140® Heating of the oil above 350® C. is apt to cause gelation. It 
is recommended that sunflower-seed oil be admixed with 60 to 70 per 
cent of linseed oil to produce a satisfactory drying oil. 

Dehydrogenated sunflower-se(‘d oil may be manufactured by heating 
the oil for 4 hours, at a temperature of 320® C. in the presence of 1 per 
cent nickel and 0.25 per cent mercury.-^® The treated oil is reported to 
have an iodine value of 144,4 and to possess satisfactory drying prop¬ 

erties. 

A drying vehicle which is reported to have the properties of soybean 
oil is safflower oil. It usually is mixed with other drying oils, such as 
raw perilla, raw linseed or soybean oils.-^"^ The great advantage of this 
oil is said to be its low acid number. However, with lead pigments 
this oil is reported to give a skin which peels off after a short time.-^® 
The weight increase of tliis oil from oxidation is stated to be 5.3 to 5.6 
per cent.220 Grapesced oil is reported to provide a satisfactory substi¬ 
tute for linseed oil in many types of varnish. A stand oil may be prepared 
by heating the grapesced oil for 2 hours at 330® C. in a stream of carbon 

L. Smith and H. R. Kraybill, hid. Eng. C/icm.. 1933, 25, 334; C/iem. Abs., 1933 , 27. 2053. 
See II, A. Gardner, “Physical and Chnnical Examination of Paints, V^arnishes, Lacquers an<l 

Colom," 7th ed., pp. 747. 751, Inst, of Paint and Varni.sh Researcli, Washington, D. C.. 1935. 

R. Kraybill, A. W. Kleinsmith and M. H. Thornton, hid. Eng. Chem., 1939. 31, 218. 

«*E. Stock, Farben-Ztg., 1938, 43, 134; Chem. Abs., 1938. 32, 4361. 

I. Oanoa, I, Golovistikov aiul K. Orlova, Ma»loboino Zhiroroc Ddo, 1937, 13 (5), 33; Chem. 
A6f., 1938, 32. 1951. Am. Ink Maker, 1938, 16 (6). 87. 

“•N. Tionev and V. Yavncl, Manloboino Zhirovoc Delo, 1930, No. 62 and 63, 19; Chem. Abs., 
1933, 26, 325. 

«M.. L. Cnrrick and II. K. Nielson, Am. Paint J., 1938, 22. 12, 14, 43; Cftcm. Abs.. 1938, 32. 8169. 

•**J. S. RetninKton, Pamt Maiiuf., 1936, 6, 50; Chem. Aba., 1936, 30, 2779. 
«*N. Belyaev, Matdohomo Zhirovoc Ihlo, 1930, No. 2, 16; Chem. Abs., 1930 , 24, 3667. 

•*®J. Tsukervanik, Vniv. Asiac Med. Acta, 1928, Sor. 6, No. 2, 6; Chem. .ibs., 1929, 23, 4585. 
M, Brmmbilla and G. Balbi, Chimica e indwtna, 1938, 20, 591; Brit. Chem. .Abs. B, 1939, 76. 

Chimica e induatria. 1937, 19, 10; ffnt. Chem. Aba. B, 1937, 257; Chem. Abs., 1937, 31, 3305. Chimica 
« tnduitrto, 1936, ll, 353; Brit. Chem. Aba. B, 1936. 892. 
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Table 13.—Properties of Safflower Oil.*” 

Density (sp. gr. at 15® C.) 0.9210 
Refractive index with butyrorefractometer (Zeiss)’^“® 77.0 to 75.0 
Saponification number 
Iodine number (Hubl) 

189.53 to 192.77 
142.40 to 142.69 

Refractive index 1.4744 
Saturated acids 5.93 % 
Unsaturated acids 87.72 % 
Iodine number of unsaturated acids 156 

Composition of Oil Per cent Composition of Oil Per Cent 

Oleic acid 25.7 Palmitic acid 4.1 
Liuoleic acid 65.8 Arachidic acid 0.4 
Linolenic acid 0.15 Stearic acid 1.6 
Myristic acid 0.04 Lignoccric acid 0.06 

dioxide. The heated product is said to have good drying properties, but 
the acid value is high, rising from 8.97 to 27 during cooking. 

Uncooked grapeseed oil is said--** to have inferior drying qualities. 
Raw oil dries in 114 hours at 21° C. The oxygen number of the oil 
boiled with water is 14.1 per cent, while oil not treated with water has 
an oxygen value of 1.4 per cent. 

Table 14.—Properties of Grape.seed Oil.^ 

Acid number 4.72 
Saponification number 184.4 
Ester number 179.68 
Iodine number (Hanus) 123.7 
OH Number (Normann) 34.82 
Den.«;ity (sp. gr. at 20® C.) 0.9225 
Index of refraction (no at 20® C) 1.4765 

Composition of Oil Per Cent Composition of Oil Per Cent 

Oleic acid 31,00 Stearic acid 2.16 
Hydroxy acids 11,78 Palmitic acid 6.17 
tf-Linoleic acid 36.03 Glycerol radical 4.04 
^Linoleic acid 7.71 Unsaponifiable matter 0.59 
Linolenic acid 0.14 

Po-Yoak oil, which is obtained from the seed kernels of Parinarium 
sherbroense, is reported to be a drying oil with properties intermediate 
between tung and oiticica oil. Its characteristics are given in Table 15. 

Table 15.—Properties of Po Yoak Oil. 

Melting point 50 to 70® C. 
Density (78® C.) 0.9250 
Acid number 135 
Saponification number 192.0 
Index of refraction (18® C.) 13209 
Index of refraction US® C.) 13110 
Index of refraction (70® C.) 1.5018 
Iodine number 207 to 208 

O. 8. Jamie«on and S. 1. Qertler, Oil and Fat Ind., 1920, 6 (4), 11; Chem. Abs., 1020, 23» 3368. 
«»N. Belyaev, Mailoboino Zhirovott Dclo, 1930, No. 2, 16; Chem, Ab9„ 1030, 24, 3667. For dii- 

citmion of the Z«im Butyrorefractometer nee: C. R. A. Wright and C. A. Mitchell, '*Oila, Fate and 
Waxes/’ Charles Griffin Co., London, 1003. 

*MN. Koehi, Oil and Fat Induitry (Russia), 1928, No. 8, 24; Chem. Abt., 1920, 23, 2587. 
Gtin and M. Dkna, Allpem. Oel u, Felt-Ztg., 1034, 31, 107; Chem. Abt., 1034, 28, 6006. 

***A. Sieger and J. van Loon, Rec. trav. Chim., 1038, 57, 630; Chem. Abs., 1038, 32, 6804. 
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Analysis of the ozonized products of the drying oil are interpreted as 
indicating the presence of a- and j3-eleostearic and a- and j3-coupeic 
acids. The oil is solid at ordinary temperatures. 

Cashew nut oil is said to be employed in inks.--^ The properties of 
this oil are indicated in Table 16. The oil is advocated as a possible 
substitute for tung oil. 

Table 16.—Properties of Cashew Nut Oil.*® 

Iodine number (Hlibl) 82.1 
Refractive index (40* C.) 1.4609 
Saponification number 353 
Volatile acids (insoluble) 0.6 
Volatile acids (soluble) 3.6 

A comparative study of perilla, hempseed, lumbang, sardine, men¬ 
haden, poppyseed, rapcseed, soya, walnut, safflower and sunflower-seed 
oils as substitutes for tung oil indicates that perilla is superior to any 
of the other oils mentioned above, either raw or kettled. Hempseed and 
walnut oils are nearly as good as perilla oil. Raw soybean and lumbang 
oils are satisfactory. Rapeseed oil is valueless as a drying oil, since it 
apparently never dries. 

Stillingia seeds have been used to furnish an oil with drying prop¬ 
erties.^®^ Properties of oil expressed from seeds obtained in the United 
States and of a sample imported from China are listed in Table 17. 

Table 17.—Properties of Stillingia Oil. 
United Stales OJ Chinese Oil 

Iodine number 176.1 169.0 
Saponification number 211.7 2063 
Thiocyanogen number 102.7 100.7 
Oleic acid (%) 7.7 10.4 
Linoleic acid (%) 563 49.9 
Linolenic acid (%) 24.6 25.4 
Palmitic acid (%) 4.42 539 
Stearic acid {%) 1.43 2.64 
Arachidic acid (%) 0.34 0.14 

Special Treatment of Natural Oils 

One of the problems of modern printing ink chemistry (see also 
Chapter 17) is how to increase the drying speed of the ink. Since the 
presence of double bonds in the acid radicals in the oil and their position 
relative to each other are to a great extent responsible for the drying 

W. J. Jenkins, Imperial Intiitute BtUl,, 1938, 36 (1), 44; Rev, Paint, Colour, VamUh, 1938, 
IL 181. 

•* L. Qobert, Annales dei Faliification* et des Fraudes, 1931, 24, 260; Chem, Abs., 1931, 25, 
6053. 

*»H. A. Gardner, Amer, Paint /., 1987, 22 (convention daily), 7; Oil, Paint, Drug Reporter, 1937, 
132 (19), 47; Chem. Abi„ 1938, 32, 811. 

Paint, OU and Chem. Rev., 1935. 97 (24), 12, 14, 16; Chem. Ab$., 1936, 30, 4699. 
Q. 8, Jamieeon and R. S. McKinney, Oil <t Soap, 1938, 15, 295; Chem. Abs., 1939, 33, 889. 
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speed, investigations have been made to attain more double bonds or to 
effect a rearrangement of their position in the oil molecules. Besides the 
dehydration of castor oil, as reported above, preparation of drying oils 
from non-drying oils by action of dehydrogenating metallic catalysts, as 
nickel or a combination of it with mercury, is described.^®^ Catalytic 
action (at temperatures over 200° C.) of metals, metallic oxides, metallic 
halides, halogen or inorganic acids on linseed oil, fish oil and others is 
said to transform them into substances resembling tung oil.®®® Attaching 
hydroxyl groups to double bonds is reported to have the same effect, the 
method of preparation being similar; chlorine, hydrochloric acid and 
permanganate are recommended as catalysts.®®* Treatment with hydro¬ 
gen sulphide while heating and air-blowing is said to yield a linseed oil 
substitute.®®® Fish oil fatty acids have been fractionated by distillation 
and those with high iodine values re-esterified with glycerol.®®® In this 
way highly unsaturated and therefore readily drying oils are obtained. 

It is an established fact, however, that the drying effect rests not only 
with the double bonds and their position, but that an esterification of 
the fatty acids with a polyhydric alcohol is necessary for good drying 
action. Free fatty acids or their esters of monohydric alcohols do not 
dry to a solid film. Dihydric alcohol esters, such as those of ethylene 
glycol, show slow drying effects. Real drying is secured with esters of 
glycerol and can be increased by using higher valent alcohols. Higher 
alcohols added to the drying oil during the bodying operation partly 
esterify free fatty acids.®®^ Divalent alcohols are also mentioned in this 
connection.®** 

Combinations of fatty acids with dextrose, mannitol and other poly¬ 
hydric alcohols have been investigated.®*® Bodying of an ester of que- 
brachitol (an alcohol of the terpcne series) and fatty acids is reported 
to give a satisfactory vehicle.®*® Although nature provides us with mixed 
glycerides, e.g., palmito-oleo-linolenic glycerate, nevertheless the forma¬ 
tion of uniform triglycerides represents a trend in printing ink research. 
For the latter purpose it has been suggested to esterify dehydrated 
ricinoleic acid®** (see above) or non-frosting compositions consisting of 
fatty acids from tung oil admixed with those from linseed oil.®*® How- 

>«>T. and N. Yavnd, Mattob. Jirov Dtlo, 1S30, MO, 10; Chim. Ind., 1932, 27, 140. 
•nj. Scheiber, Britiah P. 338,932, 1929; Pat. J., 1931, 0103; Cham. Abt., 1931, 2S, 2080; Srit. Cham. 

Abt. B, 1931, 307. Britiah P. 310,872, 1928; Cham. Ab$.. 1930, 24, 2310. 
«J. Scheiber, Oerman P. 020,950, 1928; Oil. Cot. Trada J.. 1931, 80 (1708), 103; Chem. Abt., 1031, 

25, 3602. 
HaahimoiOe JapAueae P. 100a422a to Hakodate Seiyu K. K., 1033; Chem. Abs., 1034, 28, 2663. 

"•A. Hdl and E. E. Walker, Britiah P. 477.207, 1037, to Metallgcs. A.-G. 
awH. Wolf, F. Dreiler and H. BeUer. Oennan P. 640.108, 1037, to 1. O. Farbenind. A.-Q.; Sei/en- 

Ztg., 1037, H, mi Chem. Abi., 1037, 31, 8004. 
a—Canadian P. 361,671, 1036, to Canadian Induatriee; Chim. et Jnd., 1036, 36 ( 6), 084. 
aaa A. Rheineck, B. Rabin and J. 8. Long. U. 8. P. 2,077,371, ^ril 13, lOOT, to Devoe A Reynolda 

Co.; Chem. Abt., 1037, 31, 4144. See alao L. Roaentbal and W. I^ard, U. 8. P. 1,730,863, Deo. 17, 
ion, to L O. Farbenind. A.>Q.; Chem. Abt., 1030, 24, 080. 

a*a Britiah P. 406,738, 1034, to imperial Chemical Induatriee, Ltd.; Chem, Abt., 1034, 28, 4022; 
BrU. Chem. Abt. B, 1034, m. 

attj. Scheiber, Oerman P. 622,486, 1028; Chem. Abt., 1031, 25, 3184. 
•aac. O. Qauerke, U. 8. P. 1,07^260. Nov. 6, 1034, to E. I. duPont de Nemoura A Co. ; Chem. Abt., 

1836, 28, 866; Brit. Chem. Abt. B, Im, OM; Rev. Paint, Colour, Vamith, 1086, 8, 18. 
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ever, an effect similar to the latter is accomplished through ester inter¬ 
change when these two oils are bodied together. Esterification of polyva¬ 
lent alcohols, such as sugars, with highly unsaturated fatty acids (aside 
from color) leads to materials which polymerize too fast for practical 
purposes, and the same is true for linolenic acid triglyceride. 

It is reported that a drying oil may be prepared from cottonseed 
oil. The raw oil is oxidized by air at 120° C. in the presence of lead 
and calcium oxides, and pyrolusite.^**^ An oil is produced in this manner 
with an acetyl number of 85. The oil secured by oxidation is dehydrated 
at 275 to 280° C., in the presence of aluminum oxide and zinc. The final 
product has an acetyl number of 11. 

Drying oils are said to polymerize rapidly by heating them in an 
atmosphere of sulphur dioxide.-^® It is stated that if a suflSciently large 
surface is employed or a high concentration of sulphur dioxide is used 
(e.g., under pressure), the rate of bodying is greater than if hydrogen 
sulphide, nitrogen, hydrogen, or carbon dioxide is employed under the 
same conditions. The gas is passed through the oil for 5 hours at a 
temperature of 290 to 300° C. 

Linseed oil and tung oil are modified by treatment with polyhydric- 
polybasic resins (c.g., glycerol-phthalic resin) for use in printing inks 
applied to cellulose ester coatings (i.e., book-binding fabrics). An illus¬ 
trative example of one such vehicle is prepared by heating a mixture 
of 17.3 parts of glycerol, 55.5 parts of linseed oil acids, and 27.2 parts of 
phthalic anhydride at 200-225° C. Heating is maintained until an acid 
number of less than 10 is obtained.-^® Inks prepared from this vehicle 
are reported to dry tack-free in 12 to 16 hours. 

Accelerated production of stand oils by heat polymerization of drying 
oils may be accomplished by employment of a colloidal solution of heavy 
metals in an oil-miscible medium.^**^ Cobalt, iron, manganese, lead, 
nickel, chromium, molybdenum or tungsten is dispersed electrically into 
butyl alcohol, propyl alcohol or turpentine. Approximately 0.01 to 0.05 
per cent of the metal in colloidal solution is added to drying oils to be 
bodied. Electrical heating of the drying oils may be employed.^'**® 

Hydrogenated cottonseed oil may be employed in a drying oil.^^® 
The cottonseed oil may also be admixed with a hydrogenated asphaltic 
oil.250 

»«A. A. Ivanova, /. Applied Chem, 1938, 11, 584; Chem. A6«., 1938, 32, 6081. 
P>Tolu8ita ia a fonn of manganese dioxide. 
11. I. Waterman and C. Van Vlodrop, British P. 480,677, 1938, to Imperial Chemical Industries, 

Ltd.; Brit, Chem. Abi. B, 1938, 1188; Chem. Abs., 1938, 32, 6083; French P. 824,650, 1938; Chem. 
Ab»., 1938. 32, 7294. 

D. McBumey and £. H. Nollau, U. S. P. 2,049,507, Aug. 4, 1936, to E. I. duPont de Nemours 
A Co. ; Chem. Abt., 1936, 30, 6586. 

W. Krumbhaar, British P. 444,440, 1936, to Beck, Koller and Co.; Brit. Chem. Abt. B, 1936, 
701; Chem. Ab$., 1936, 30, 6592. 

■••R. A. Carleton, U. 8. P. 1,998,073, April 16, 1935, to National Electric Heating Co.; Brit. Chem. 
Abi, B, 1936, 379. 1. T. Osnos, Russian P. 48,948, 1929; Chem. Abs., 1931, 25, 1109. 

*«*W. N. Blakeman, U. S. P. 1,375,352, April 10, 1921; Chem. Abt., 1921, 15, 2732. U. S. P. 1,375,353, 
April 19, 1921, and U. S. P. 1,375,^, April 19, 1921; Chem. Abs., 1921, 15, 2733. Carleton Ellis, 
“Hydro^ation of Organic Substances," D. Van Nostrand Company, New York, 1930. 

W. N. Blakeman, U. 8. P. 1,385.033, July 19, 1931; Chem. Abs., 1921, 15, 3757. U. S. P. 1,385,036, 
July 10, 1921; J.B.C.L, 1921, 40, 667A. 
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Petroleum Derivatives 

Production of printing ink vehicles from petroleum derivatives has 
been tried successfullyAddition of bitumen to special types of inks, 
mostly black, is an old custom and provides certain desirable properties, 
e,g,, good adhesion. Newspaper inks have as a vehicle mineral oil, gener¬ 
ally blended with rosins. Light mineral oil or wax which is mixed with 
hard resins sometimes serves as a substitute for boiled linseed oil.^®^ 
Drying oils cannot be used for newspapers because the inks must dry 
very rapidly by absorption, which is made possible by use of special 
paper. Naphthenic acids, esterified^®® or as calcium or other soaps,2®® 
are also said to give good varnishes. Hydrocarbons extracted from 
crude petroleum by means of selective solvents furnish materials 
useful as printing-ink vehicles. A similar product is commercially avail¬ 
able as ‘Tirnagral.” Drying oils are obtained from the liquid products 
of the petroleum cracking process by polymerization with the catalytic 
aid of aluminum chloride or various inorganic halides, i.e., one of the 
Friedel-Crafts type-®® or boron fluoride.^®^ Other synthetic drying oils 
are derived from gaseous petroleum hydrocarbons condensed with phos¬ 
gene and polymerized with aluminum chloride,2®^ iron or metallic 

oxides.^®* Acid tar residues from sulphuric acid refining of petroleum 
yield printing-ink vehicles after washing, neutralizing -®‘‘ and treatment 
with sodium plumbite.^®® Heavy distillates which have been recovered 
from treatment of cracked distillates with a solid absorbent are redis¬ 
tilled while being blown with air. The condensate is reported to be 

** M. Ogura, Gov’t. Printing Bur. Tokyo, Research Bull., 1937, No. 3, 1; Chem. Ab»., 1938, 32, 
3988; Rev. Paint, Colour, Varnish, 1938, 11, 280. 

«J. H. Abbott, French P. 728,439, 1931; Chem. Abi., 1032, 26, 5777. 
*«T. P. Sanguinetti, French P. 803,031, 1936; Chrm. Abs., 1937, 31, 2842. 
^W. Fahnon, Chem. Umschau, 1920, 27, 38, 122; Chem. Abs., 1920, 14, 2993. 

A. Y. Dnnbcrg, Russian P, 44,253, 1935 ; Chem. Zentr,, 1936, 107 (1), 4218; Nat. Paint, Varnish 
Aitoc., 1936, Circ. 501, 1; Brit. Chem. Abs. B, 1936, 648. 

M. Gurvich, Russian P. 28,415, 1929; Chim. Ind., 1933, 29, 658. Ruasian P. 26,393, 1928; 
Chem. Ah$., 1932, 26, 6164. V. Ivanov, Uustimn P. 43,700, 1^; Farbc u. Lack, 1936, No. 53, 630; 
Rev. Paint, Colour, Varnish, 1937, 10, 33. 

»»A. H. Batcheliicr, U. S. P. 2,087,395, July 20, 1937, to SUnclard Oil Co. of Calif.; Chem. Abt., 
1937, 31, 6490. 

*• H. Spatli, Parben-Ztg., 1936, 41, 1143; Chem. Abs., 1937, 31, 3249; lUv. Paint, Colour, Varnish, 
1936, 9, 367. 

Potoiovaky, A. Atalian and V. Huinitakaya, Azer. Ne/t. Khoz., 1934, 10. 91; Chim. Ind., 
1935, 33, 1442; Chem. Abs., 1935, 29, 6080; Bnt. Chem. Abs. B, 1936, 648. French P. 791,739, 1935. 
to Bataafsebe Petroleum Maatachapptj; Chem. Zentr., 1936, 107, (1), 4506; Chem. Abs., 19^, 30, 
4^. Dutch P. 38,820, 1936, to Bataafnche Petroleum Maatachappij; Chem. Abs., 1937, 31, 36W. 
British P. 443,679, 1936; Chem. Abs., 1936, 30, 5436; Brit. Chem. Abs. B, 1936, 558. M. B. Chittick, 
U.8. P. 1.891,079, Dec. 13, 1932, to Pure Oil Co.; Chem. Abs., 1933, 27, 2051: Brit. Chem. Abs. B, 
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Yo^ 1934. 

a»H. Rabe and M. Otto, U. fl. P. 2,097,468, Nov. 2, 1937, to I. Q. Farbcnind. A.-Q.; Nat’l Paint 
BuU., 1937, 1, 14; Chem. Abs., 1938, 32, 348. 

MIL. A. Mikeaka and A. H. Gleason, U. 8. P. 2,092,889. Rept. 14, 1937, to SUndard Oil Develop¬ 
ment Co.; N.P. V.L, Abs., 1937, 51, 196; Chem. Abs., 1937, 31, 8231. 

*>A. Drinberg, Russian P. 42,647, 1935; Chem. Ind., 1936, 36, 371; Chem. Abs., 1937, 31, 7678. 
••V. F. aiemishev, Russian P. 47,023, 1936; Chem. Zentr., 1936, 107 ( 2), 3848. 

u. Walker and C. £. Sohn, U. S. P. 999,611, Aug. 1, 1911; Chem. Abs., 1911, 5, 8178. 
B. M. Yaroahewsky, Russian P. 46J115, 1934; Chem. Zentr., 1936, 107 (2), 1256. German P. 617,728. 
IIKM, to N. V. KoainkUike Phannaceutiseha Fabr.: Chem. Abs., 1936, 30, 886. L. K. Adalijan, 
iVe/L 1933, 4 (20), 9; Bn<. Chem. Abt. B, 19I6, lOM; Chem. Abs., 1985, 29, 2711. 

ml. K. Adamian, Ne/t, 1936, 7 (7), 32; Chim. et 2nd., 1937, 37, 953; Chem. Abs., 1937, 31, 4480. 
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applicable as a varnish Distillates of tars obtained in cracking heavy 
gasoline fractions at 550® C. are converted to drying oils by treatment 
with sulphuric acid.^®"^ 

Synthetic organic acids can be prepared from petroleum hydrocarbons 
by air treatment of paraffin oil in the presence of calcium naphthenate. 
Aluminum salts, and to a minor extent those of cobalt, zinc, lead or 
barium, of those acids are considered useful for the preparation of syn¬ 
thetic varnishes.-®® Preparation of a synthetic varnish, having a very 
light color, by fractionating unrefined vapor-phase cracked gasoline is 
reported by Hyman .2®® A product, similar in properties to linseed oil, 
is said to formed by heating vapor-phase cracked Mid-Continent naphtha 
distillate, with air at 7 atmosplicres pressure, for 6 hours.^"^® Films made 
with the above product are reported to show cracking after a yearns 
exposure. Treatment of gasoline with gaseous hydrogen chloride in the 
presence of aluminum chloride and subsequent hydrolysis gives an oil 
which will dry to a resistant film, particularly if driers have been 
added.271 

Drying oils may be manufactured from gas oil (solar oil)-^^ distil¬ 
lates. The hydroxy-acids of these distillates are oxidized in air and then 
washed with hot water. The washed products are converted into drying 
oil by esterification with glycerol. 

Chlorinated hydrocarbons may be dechlorinated in kerosene solution 
with superheated steam to give unsaturated vehicles.-^^ Also, kerosene, 
lubricating oil, rosin and manganese hydroxide may be boiled together. 
The liquid produced by tliis treatment is mixed with cod oil to furnish 
an ink vehicle.Kerosene containing cycloparaffins is treated with moist 
chlorine. Subsequently, the chlorinated oil is acidified with acetic acid, 
and the acid product reacted with metallic zinc. In this manner a dry¬ 
ing oil was stated to have been secured.^"® 

Mineral oil, from which gasoline and kerosene has been removed, 
may be converted into a drying oil by ebullition with alcohol.^^® Also, 
dehydrated vaseline dissolved in benzene is suggested as a vehicle for 
printing inks.-^^ 

•“A. P. Bjerrogaard, I’. S. P. 2,035,4o5, March 31. 1936, to Gray Processes Corp.; Chem. Abs., 
• 1936. 30, 3668. 

>^I. E. Bcspolov, Azrr. Nrft. Khoz., 1929, No. 11. 52: Chcin. Abx., 1930, 24, 3105. 
A. Y. Drinberg, So Re .Va, Jvme, 1935; Olii Mtncrah, 1936 , 4, Peint., Pig. tt VcrrjtV, 1936, 

13, 235. 
*»J. Hvman, U. S. P. 1.919,722 and 1,919,723, Julv 25. 1933. lo Velsicol Corp.; Chnn. Abs., 1933, 

27, 4942; Brit. Chem. Abs. B, 1934, 462. 
”^0. M. Woods. PctroU'tim Engr., 1936, 8, 106; Chem. .ibs., 193S, 32, 3592; Rev. Paint, Colour, 

Varnish, 1938, 11, 270. 
S. L. Varshavsky and I. C. Shenfinkel, Russian P. 39,899; Chem. Zentr., 1935, 106 ( 2), 3016; 

Chem. Abs., 1936, 30, 3668. 
^E. P>’hala, Krdol u. Terr, 1928. 4, 146; Chem, Abs., 1923, 22, 2049. P. V. Serb-Sorbin and 

A. M. Livsiiits, Masloboino Zhirovoe Delo, 1937, No. 3, 16; Chem. Abs., 1938, 32, 4361, 
»WH. A. Gardner and E. Bielou.Hs, U. S. P. 1.384,447, Julv 12, 1921; Chem. .\bs., 1921, 15, 3757; 

J.S.C.I., 1921, 40, 667A. 
«*R. C. Bono, U.S. P. 1,347.074, Julv 20, 1920, to M, A. Esteva; J. S. C. I.. 1920, 39, 605.\. 

C. Thiele, U. S. P. 1,254,866, j.aii, 29, 1918; Chem. Abs., 1918, 12, 769; J.S.C.I., 1918, 
37, 188A. 

»WW. Dyer, U. S. P. 1,256,535, Feb. 19, 1918: Chem. Abs., 1918, 12, 1002; /. S. C. 7., 1918, 37, 
251A. U. 8. P. 1,256,536, Feb. 19. 1918; /. 5. C./., 1918, 37, 251.\. 

Soukup, German P. 821,828, 1918; Chem. Abs., 1921. 15, 2199. 
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Fish Oils 

Fish oils are considered poor substitutes for linseed oil and should 
be blended with other oils. Pre-treated fish oils, so-called 'Vinterized^^ 
oils, may be bodied to give varnishes.^^® Winterizing consists in storage 
in a cold place over a long period of time, thereby giving the solid 
(i.e., mostly saturated) components an opportunity to settle out. These 
solid parts later are filtered off or decanted, and the percentage of unsatu¬ 
rated acids is thus increased. 

Several methods of treating fish oils are recommended.®®® Drying oils 
may be made from fish oils by replacing fatty acid radicals having slight 
drying power with fatty acids having greater drying capacity, and by 
introduction of conjugated double bonds through the medium of halo- 
genation and subsequent dehalogenation. When fish oils are intended 
for utilization in printing inks,®®^ oil may be refined by admixing 3.8 
kilograms of fish oil with an aqueous solution containing 90 to 150 grams 
of sodium bicarbonate and 30 to 90 grams of alum. The whole then is 
heated at 100 °C. with constant stirring, till most of the water is evapo¬ 
rated. Stearin which precipitates is removed from the liquid vehicle. 

Japanese pale sardine oil (iodine value 173 to 174) is said to be 
polymerized by heating at 290-3(X)° C. in an evacuated vessel (2 to 5 mm. 
mercury pressure) until a viscosity of 75 to 80 poises (at 20® C.) and an 
iodine value of 103 is attained. The polymerized product is distilled 
under a pressure of 1 dyne per square centimeter pressure (.00075 mm. of 
mercury). The distillation surfaces are of molecular still type (i.e., one 
in which the distance of separation is less than that of the mean free 
path of the molecules). The still residue is a brown oil with a viscosity 
of 385 poises (at 20° C.) and an iodine value of 103 to 104. Films 
secured with this oil were stated to be clear and fairly hard, and to have 
a good gloss.®®® Herring and Canadian pilchard oils may be treated 
similarly.®®® 

Drying oils may be obtained by high-pressure hydrolysis of fish oils 
into high and low iodine value acids.®®^ These acids are separated by 
distillation and the high iodine value acids are esterified with glycerol. 
Zinc powder and magnesium oxide catalysts may be employed in a 
similar process.®®* Splitting, when using catalysts, takes place in two 
hours under pressure of 80 to 92 pounds per square inch. 

•WK. WQrth, Z. Verein Deuticher Ingenieure, lf35, 1011; Farben-Ztg., 1036, 41 (8). 185. 
•^Am. Ink Maker, 1038, 16 (2). 89. 
«MK. Bluer, Farben-Ztg., 1938, 43, 803; Chem. Ahi., 1988, 32, 8169. 
^ Farben-Chem,, 1938, No. 4, 144; Rev. Paint, Colour, Varnieh, 1938, 11, 179. 
»»E. W. Fawcett and E. E. Walker. U. 8. P. 2,128,854, Aug. 30, 1938, to Imperial Chemical 

Induatriee. Ltd.; Chem. Abi., 1938, 32, 8808. Britiab P. 442,000, 1936; Brit. Chem. Aha. B, 1936, 885. 
W. Meyer. Farbe u. Lack, 1938, 2M; Chem. Abe., 1988, 32, 8159. German P. 658,844, 1938, to 
Imperial Chemical Induatriee. Ltd.; Chem. Abi., 1938, 32, 6485. 

*®R. Priester, Verfkroniek, 1938, 11 (4), 70; Rev. Paint, Colour, Vamieh, 1938, 11, 184. 
British P. 477,207, 1937, to Metallgesellachaft A.-O.; Chem. Abi., 1938, 32, 4364; Rev, Paint, 

Colour, Vamieh, 1938, 11, 101. 
Veno and O. Ini^i, /. 8oc, Chem. Ind., Japan, 1986, 39, 107B; Brit, Chem. Abe. B, 1986, 

700; Chem. Abe.» 1980, JlT, 5487. 
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Oil of Sardinella melanostida may be heated with 20 per cent by 
weight of rosin at 550 to 570® C. for 4 to 5 hours. The product is dis¬ 
solved in turpentine.^®® Distillation of raw fish oil yields approximately 
70 per cent of polymerized unsaturated acid known as '^fish oil-stand 
qJj >»287 The latter material is reported to have properties similar to 
linseed oil. Some fish oils are said to be converted into drying oils by 
percolation (in the absence of air and at a temperature of 70 to 100® C.) 
through a tower packed with granulated iron.2®® 

Miscellaneous Vehicles 

Indene-coumarone solvent oils are advocated 2®® as possible ink 
vehicles. Shellac-drying oil varnishes are finding application as vehi¬ 
cles.®®® These oils are prepared by heating shellac, drying oil fatty acids 
and glycerol at 120 to 140® C. in the presence of aromatic sulphonic 
acids or aluminum sulphate. 

A heat-convertible varnish may be manufactured from a phenol- 
aldehyde resin, rosin-glycerol ester, linseed oil, cobalt naphthenate driers 
and chlorinated biiihenyl.®®^ Such vehicles have been advocated for ^'cold 
color’^ printing. In this process the printing surface is heat-treated after 
application of the ink. 

A non-frosting drying oil with an acid number of 25 is suggested 
as an ink vehicle. The oil is produced by heating a mixture of equi¬ 
molar quantities of linseed oil acids and abietyl alcohol in an open vessel 
at 225® C. for 1.5 hours. 

A suggested substitute for linseed oil stand oil is a blend of 21 per 
cent linseed oil, 16 per cent alkyd resin (containing 75 per cent oil), 
12 per cent ester gum, 1 per cent drier and 50 per cent white spirit.®®® 
The varnish is reported to resemble linseed stand oil in properties.®®^ 

Printing ink vehicles may be prepared by destructive distillation of 
old rubber tires with or without subsequent steam distillation.^®® Iso- 
prenc and dimethylbutadiene, although polymerizing readily, are consid- 

««Y. V. Brnnke and T. S. Schavski; Lakokra*, Ind., 1935, No. 2, 19; Brit, Chem. A6«. B, 1936, 
846. 

"^Q. Kaempfe. Farbrn-Ztg., 1935, 40, 1009; Brit. Chem. Abt. B, 1935, 1054. 

»»W. A. Alisebrook, British P. 122,015. 1918, to O. Wilkins and Co.; Chem. Aha., 1919, 13, 1399. 
■•W. E. Sheehan, H. E. Kellv and W. H. Cnrmody, Ind. Eng. Chem., 1937, 29, 576; Rev. Paint, 

Colour, Vamith, 1937, 10, 272; Brit. Chem. Aba. B, 1937, 866; Chem. Aba., 1937, 31, 4412. W. J. 
.McElroy and J. Clarke, U. S. P. 1.471,746, Oct. 23, 1924; Chem. Aba., 1924, 18. 175. 

R. Bhattacharya and B. S. Qidvani, London Shellac Reaearch Bur., Tech. Paper, 1938, No. 
14; Chem. Aba.. 1938, 32. 8171; Brit. Chem. Aba. B, 1938, 1192, 1072. Point Tech., 1938, 3, 189; 
Brit. Chem. Aba. B, 1938, 942. 

»»F. G. Oswald, U. S. P. 2,111,802, Mar. 22. 1938, to John W. Maaury and Son; Chem. Aba., 
1938, 32, 8992; Rev. Paint, Colour. Vamiah, 1938, 11, 281. 

11. S. Rothrock, Canadian P. 376,207, 1938, to Canadian Industries Ltd.; Chem. Aha., 1938, 
32, 8628. 

*• White spirit is a pctrolouin ether. 
Farben-Ztg., 1937, 42 (21), 512; (23), 563; Rev. Paint, Colour, Vamiah, 1937, 10, 255. E. Ross- 

mann, Angetp. Chem., 1937, 50 (5), 113; Rev. Paint, Colour, Vamiah, 1937, 10, 93. 
••C. F. P. Millar, British P. 444.683, 1935; Brit. Chem. Aba. B. 1936. 608; Chem. Aba., 1930, 30,6586. 

French P. 810,299, 1987; Chem. Aba., 1937, 31, 8964. U. S. P. 2,125,683, Aug. 2, 1938; Chem. Aba., 
1988, 32, n54. 
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ered too volatile to give satisfactory varnishes.^® However, polymer¬ 
ization of 4-chloro-l,2-butadiene has been stated to yield a drying oil.*®^ 
To prevent excessive polymerization, hydroquinone is added to the 
chlorobutadiene before reaction. The quinone is said to act as a retard¬ 
ing agent, so that polymerization can be controlled. 

Polymers of divmylacetylene,^®® which is made from acetylene,*®® 
may be employed as printing ink vehicles. The polymers also can be 
subjected successively to hydrogenation and further polymerization, and 
the resulting products used as a quick-drying oil.^®® In the latter instance 
formation of substances insoluble in many types of solvents is prevented 
by the presence of a small quantity of iodine.®®^ 

A lacquer for printing may be made by heating under reflux a mixture 
of 100 parts of phenol, 50 parts of rosin, and 150 parts of tiing oil. After 
ten hours 100 parts of aqueous 40 per cent formaldehyde and 3 parts of 
aqueous alkali are admixed with the product formed by the boiling 
described above. The whole is refluxed for 4 to 8 hours further and then 
is heated at 150° C. until a clear non-tacky tough solid is produced. The 
solid product is dissolved in 300 parts of turpentine.®®* 

Synthetic drying oils are reported to be formed by heating together 
glycerol, isophthalic acid and linseed oil. 

One suggested printing-ink vehicle®®^ comprises 10 parts glycerol- 
phthalate resin, 2 parts butyl alcohol, 12 parts ethyl acetate, 8 parts 
cyclohexanone, 2 parts linseed oil, 6 parts acetone and 5 parts tricresylic 
phosphate. Vehicles containing alkyd resins such as the glycerol- 
phthalate plastic material, have been recommended for utilization in 
preparing high-gloss inks.®®® 

Cellulose ester and nibber solutions are mixed and employed as ink 
vehicles.®®® 

“Grisee oil’’ is reported ®®^ to have drying properties. It is heated 

»*W. Fabrion, Chem. Umnehau, 1920, 27, 38, 122; Chem, Abn., 1920, 14, 2556, 2993. 
O. Nicoflcmu.^. H. T.ange ami O. Horn, Oerman P. 664,458, 1938, to I. Q. Farbrniml. A.-Q.; 

Chem. Aht., 1939, 33, 886. 
•“•Canadian P. 366 160, 1937, to E. I. duPont do Nomours A Co.; Chem. Ab»., 1937, 31, 5067. 

A. M. Collins, U. S. P. 1.812,849. Juno 30. 1931; Brit. Chem. Abe. B, 1932, 435; Chem. Abn., 1931, 
25, 5048. U. 8. P. 1,869,668, Atig. 2, 1932; Chem. Abn., 1932, 26, 5439; Brit. Chem. .Abn. B, 1933, 
556. Both patent to E. I. duPont dc Nemours A Co, 

•“•Sec Carleton Ellis, “The Chemistry of Synthetic Resins,’* Reinhold Puhliahing Corp.. New 
York, 1935, and “Tlie Chemistry of Petroleum Derivatives.'* Rein4iold Publishing Corp., New York, 
1937. 

^Joumnl d'Acetylene, 1933, 205; Peinturen, piomentn, vrmin, 1034, 11, 110, 

»»»J. IT. Wernta, U. 8. P. 2,055,597. Sept. 29, 1936; N.P.V.L. Aba., 1936, 46, 280; Chem. Aht., 
1936. 30, 7730. 

«»V. H. Turkinirton. British P. 324,025, 1927, to Bnkclite Corp.; Chem. Ah»., 1930, 24, 3387; 
Brit. Chem. Aba. B, 1930, 338. U. 8. P. 1,988,615, Jon. 22, 1935; Brit. Chem. Aba. B, 1936, 109. 

•“• F. Frick, A. Kinsley and E, Pansegrau, German P. 641,269, 1937; Chem. Aba., 1937, 31, 3311; 
Rev. Paint, Colour, yamiah, 1937, 10, 198. 

»*J. H. Frydlender, Rev. Prod. Chim., 1928, 31, 241, 281; Rev. Paint, Colour, Varniah, 1928, 
1, 84. 

•«R. C. Chandler, Am. Ink Maker, 1937, 15 (9), 39; Rev. Paint, Colour, Varniah, 1938, 11, 24. 

«»P. Allman, H. N. Morris and L. H. Marlor. British P. 274,968. 1926; Chem. Aba., 1928, 22, 
2292; BHt. Chem. Aba. B, 1927, 789; Rev. Paint, Colour, Varniah, 1931, 4, 51. 

•"A, Stoop, British P. 23.071, 1898; J.8. C.L, 1899, 18, 879. “Qrisec oil” it said to be a natural 
drying oil found at Qriaee in Java. 
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with sodium chloride to remove water. The dehydrated product is puri¬ 
fied by distillation. 

Synthetic drying oils may be manufactured by five general methods.^®® 

(1) Dehydrogenation as shown in the equation: 

C,H«-> CH, = CH, + H, 

(2) Elimination of water: 

2CHaCHO-> CILCHOHCH2CHO-> CHUCH = CHCHO + H^O 

(3) Electrolysis of dibasic acids: 

CH.COOK HOn CHa 
I -f ->1! +2CO, +2KOH+H. 

CHaCOOK HOH CHa 

(4) Partial cleavage of high molecular compounds as in gasoline 
cracking. 

(5) Cleavage of halogen compounds into hydrogen halogens is shown 
below: 

->cnci-CHa-> -cn=CH-+HCi 

Coal-tar fractions, boiling from 150 to 250^ C. may be converted to 
drying oils by treatment with sodium hydroxide and formaldehyde 

Rosin-maleic acid is said to form a satisfactory printing vehicle, if it 
is dissolved in dilute aqueous ammonia.*”^ The solution should contain 
40 per cent of the acid, and some castor oil as a plasticizer. 

^Tilax oil” is reported to be a satisfactory substitute for linseed 
stand oil. The vehicle is said to be a mixture of aromatic hydrocarbons 
and esters witli long side-chains. The acid and alcoholic radicals in the 
esters arc both unsaturated. The properties of the oil are indicated in 
Table 17A. Filax oil is usually mixed with other drying oils. 

'fill )lc 17A. -rrop(‘rt ics 

Dcrii^ity (^;p. gr.) 
Pour point 
Stand oil vi.scojiity (20" C.) 
Viscasity (20® C.) 
Flash point 
Saponification number 
Iodine number 
Acid number 

of “Filax Oil.” 

0.95 
Below 10® C. 

3(XX) ccntipoiscs 
900 to 1800 contipoisos 

184® C. 
40 to 50 

180 
30 

•«*I. MellBn, Nat’wnnl Pawt Bullrfm, 1937, 1 (12), 12; (13). 12; 1938, 2 (1), 14: Rev. Paint 
Colour, VarnUh. 1938, 11, 183. 

«w.I. J. Kwwler, U. S. W 1,616.321, Vvh. 1. 1927; Chenu Aba., 1927 , 21, 1003. 

Cnrloton Ellis, U. S. P. 2,063,541, Di'C. 8, 1936, to Ellis-Foster (A)mpany; Chem. Abs„ 1937, 
31 894. 

*jiio»H. Pfunncr, Sitrocelhdosc, 1938 , 9, 159; Chnn. Abf(., 1939, 33, 414. Farbeti-Chem,, 1937, 8, 
894; Chent. Abs., 1938, 32, 3642. Forbeti-C/icm., 1936, 7, 209; Chem. .46*., 1938, 30, 8657. 
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Stand Oil Kettles 

The general requirements for the materials of construction of stand 
oil (heat-treated oil) kettles are: 

1. The metal should permit pale resins to be processed without 
undesirable discoloration, and oil bodies in contact with the metal 
should remain very light in color. 

2. Compounds used as driers should not affect the metal nor should 
contact with the metal influence the drying characteristics of the 
varnish. 

3. The kettle should be physically strong, even at elevated tempera¬ 
tures, yet easily fabricated. 

4. The cost of the kettle, initial plus maintenance charges, should 
be economical.®*^ 

Copper was the first metal employed in kettles for bodying (heat-treat¬ 
ing) oils. However, some discoloration of the varnish resulted from 
cuprous salts and Monel metal later replaced copper. Many modern 
kettles are now made of nickel-coated steel. Nickel is used because it 
does not influence the drying properties nor color of varnishes.®*® 

International Nickel Co. Bulletin C-7. 
International Nickel Co., /oc. at. 

'4 

Courtesy The International Nicktl Comyany, Inc. 

Figure 19. Monel Metal Varnish Kettle on Special Type of Truck. 
Projecting Skirt of Metal Welded to Inside of Truck Ring 
Prevents Overheating of the Truck Frame by Confining Heat. 
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Courtesy The International Sickel Company, Inc. 

Figi’re 20. Portable Copper Varnish Kettle with Brazed Monel 
Bottom, Heated by Gaa. The Monel Bottom Increases the 
Useful Life of the Kettle. 

For smaller quantities of stand oils portable kettles made of Monel 
metal are employed. Such a portable kettle is shown in Figure 19. 

These units are heated over gas or oil-burning radiant heaters with 
ceramic domes. Figure 20 shows a kettle in place over a heater, and 
Figure 21 illustrates a battery of such kettles in operation. 

Fixed kettles of nickel-coated steel are employed for large quantities 
of oil. Figure 22 diagrammatically illustrates the construction of the 
heating unit with the kettle in place. Figure 23 is a photograph of a 
single fixed kettle and Figure 24 shows a battery of units in operation. 
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Figvrk 22. Sootion Showing Genoral Construction of a Large Set 
Kettle and Heater. 

Stand oil kettles used in modern practice are reported to possess 
the following features: absence of condensing surfaces, overflow systems, 
exclusion of air, and distribution of carbon dioxide and oil by the use of 
a central cylinder. Figure 25 illustrates the use of carbon dioxide in such 
a kettle. Figure 26 shows a three hundred gallon high temperature unit 
fabricated from nickel-clad steel. The latter machine is employed in 
bodying oils for ink manufacture. Lithographic varnish must be treated 
carefully during heating in order that the oil may have sufficient fluidity 
on the press,^^^ and hence carbon dioxide, indirect heating, agitation and 
exclusion of air are employed. Figure 27 illustrates an electrically- 
heated kettle said to be employed to provide indirect heating in bodying 
varnish oils.*^® 

A careful study of the best type of kettle for bodying linseed oil indi¬ 
cates that such a vessel should have a heated surface which is always 
proportional to the volume of oil to be heated and also should have a 
constant ratio of oil volume to the area of oil exposed to the air.®^® Such 
a kettle has been designed according to mathematical calculations, and 

•^B. Willmeroth, Forhen-Ztg,, 1939, 41, 278; Brit, C/iem. Abt, B, 1038, 461. 
Iniarnatioiud Niekd Ckwapany, N. Y. Bulletin C-7. 

«»A. P. Gloeckler, Chemical Age,, 1921, 29, 381; Chem. Abs., 1921, 15, 8909. Sowers Manufacturing 
Co., Catalog No. 8. 

***J. S. Long, J. B. Reynolda and J. Napravnik, Ind, Eng, Chewi,, 1934, 26, 884; Chem. Abt., 
1984, 28, 8888. 
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(^ourte^y The International Nickel Company. Inc. 

Figure 23. ModcI Sot Kottlc, Eqiiippod with External Ribbon Heat¬ 
ing Elements for Electric Heating. Capacity 2400 Gallons. 

the oil-beating surface shown in Figure 28 demonstrates the application 
of the surfaces of revolution found. The rate of change of the specific 
heat of samples of linseed oil with temperature has been indicated 
(Figure 29). It is recommended that lower temperatures, agitation and 
indirect heat be used in varnish kettles. Diphenyl or petroleum oils at 
elevated temperatures may be circulated in jackets surrounding the 
kettle in order to provide indirect heating. Lower temperatures, on 
kettle surfaces, serve to prevent skinning, livering and settling. Agita¬ 
tion permits lower temperatures to be employed since bodying is a result 
of molecular association. 

Kettles may last ten years, but some manufacturers find it necessary 
to replace bottoms twice yearly. It is stated that it is not desirable to 
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Fiotjbe 25. Diagrammatic Sketch of Stand Oil Kettle Utilizing 
Carbon Dioxide (E. Willmeroth). 

Courtesy The International Nickel Company, Ine. 

Fioubb 26. High-temperature Kettle of Nickel 
clad Steel. Capacity 300 Gallons. 
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Figure 28. 

Diagrammatic Sketch of Oil-heat¬ 
ing Furnace with Heated Surface of 
Oil Always Proportioned to the Vol¬ 
ume of Oil Heated (J. S. Long, J. B. 
Reynolds, and J. Napravnik). 
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Figure 29. Specific Heat-Temperature Curves for Linseed Oils 
(J. S. Long, J, B. Reynolds, and J. Napravnik). 

Figure 30. 

Ceramic Dome of the Type 

Used on Heaters for Portable 

Truck Kettles. 

Courteiy The International Nickel 
Company t Inc. 
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heat these metal units much above 600° F.®” Mechanical agitation 
reduces the temperature drop required across the kettle bottom for a 
given heating rate, and thus the metal is not overheated. Stirring is 
especially to be desired wliere metallic driers are employed. 

Cleaning of the kettle bottoms involves the removal of caked driers 
and charred residues. Caked driers have a corrosive influence on the 
metal, and the accumulation of anything on the bottom may result in a 
“hot spot” where temperatures well over 1000° F. are produced. Monel 
and nickel kettles may be safely cleaned with lye solutions.®^* 

The heating units employed in stand oil manufacture must provide 
rapid heating. Gas, oil or coke may be used as fuel. Gas and oil are 
replacing coke because of better heating control. Ceramic domes pro¬ 
viding radiant heat prevent local heating. Figure 30 and Figure 31 
show respectively such a dome and heater. 

FievRE 31. I.onKitudinal Sectional of Radiant Type Heater Show- 
ing Heating Chamber and Perforated Ceramic Dome. 

International Nickel Company, loc. cit. 
■‘"International Nickel Co., loc. at. 



Chapter 4 

Driers 

Drying oils change from the liquid into a solid phase when exposed to 
air in thin layers, as mentioned in Chapter 3. This process requires a 
long time, in the case of linseed oil about three weeks, and would be a 
serious obstacle for application of printing inks and paints, but it can be 
overcome by the addition of small quantities of “driers,^* also called 
“siccatives,’' which accelerate the film formation very effectively. The 
induction period is substantially shortened, as are the other stages of 
drying. It is also concluded, but not proved, that the driers neutralize 
the antioxidants present in natural oil that cause the induction period.^ 

Composition of Driers 

The catalytic action of certain materials, especially lead salt, has 
been knowm for a long time, but only at the end of the last century were 
studies on catalytic actions started. Cobalt and manganese driers were 
introduced.^ The question whether liquid or solid driers should be used 
arose with their increasing consumption,^ and the effect of driers on oils * 

and varnishes ® became subject to thorough investigations. Today, sicca¬ 
tives ordinarily consist of metallic soaps of organic acids, preferably 
cobalt, lead or manganese, combined with resinic, naphthenic or fatty 
acids.® For example, a precipitated hydroxy metal salt of naphthenic 
acid such as hydroxy lead, cobalt or manganese naphthenate has been 
proposed.*^ These salts were stated to be insoluble in water. Also, tita¬ 
nium salts were suggested as siccatives.® Thus, titanium tetrachloride 
and stearic acid were said to interact at 70-110° C. to yield a salt appli¬ 
cable as a drier. Combination of metal with organic acids secures their 
solubility or at least very fine dispersion in the oil. The metals must 
be polyvalent, and it is assumed that changes in valence represent the 

' i4m. Paint. J., Conv. Daily, 1932, 16 (53-A), 11; Am. Paint Vamith Mfrs. Atnoc. Tech. Sect. 
Cire.f 423; Paint, Var. Prod. Mgr., 1^2, 8 (6). Sect. I, 12-9; Technologic de Timprimerxe, 1938, 6, 
1441; Rev. Paint, Colour, Vamith, 1938, 11, 364. 

*M. Weger, Z. angew. Chem., 1896, 531-6; J.S.C.I., 1896. 15, 728. 
•H. Amsel, Z. angew. Chem., 1897, 303. 344; J.S. C.I., 1897, 16, 685. 
*M. Weger, Z. angew. Chem., 1897, 401, 542, 560; J.8.C.I., 1897, 16, 922; Papier~Ztg., 1938, 

63, 1307; Rev. Paint, Colour, Vamith, 1938, 11, 363. 
»M. Weger, Chem. Rev. Fett- u. Harz-Ind., 1897, 4 (21), 285: J.8.C.I., 1897, 16, 1034; 

Q. Feamley, et. al., Am, Paint 1938, 23, Convention Daily ((>ot. 25); Chem. Abt., 1939, 33, 884. 
•H. Silman, Am. Jnh Maker, 1936, 14 (12), 18. 
TA. Minieb, U.8.P. 2,116321, May 8, 1938, to Nuodex Produeta Co.; Chem. Abz., 1938, 32, 5118; 

Rev. Paint, Colour, Varnith, 1938, 11, 374; Natl. Paint Bull., 1938, 2, 17. 
•W. W. Plechner, U. 8. P. 2,132,997, Oct. 11, 1938, to National Lead Co.; Chem. Abs., 1939, 

33, 880. 
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catalytic action of the siccatives.® However, polyvalence is only one 
factor, and not all polyvalent metals act as driers; very similar mate¬ 
rials sometimes behave entirely differently. Cerium, for instance, is a 
valuable promoter of drying, while thorium is not effective. 

The action of cobalt driers is shown by the following table 

Linseed oil, heated to 130® C. 
Linseed oil, 1.5% cobalt resinate 
Linseed oil, 1.5% cobalt linolcatc 
Linseed oil, 1.5% cobalt resinate. fused 

Wet after 72 hours 
Dry after 7i hours 
Dry after 8i hours 
Sticky in 8i hours 
Dry in 14 hours 

Colloidally dispersed metals also can serve as driers, although this 
method is not used frequently since it is inconvenient. Moreover, their 
action is slower, for they probably combine with the free fatty acids 
present in the oil before reacting, thus going into true solution. Metallic 
oxides have decidedly a similar action. It is reported that semi-drying 
oils acquire the properties of drying oils when blown with air at 165° C. 
for two hours in the presence of 1/44 mole of lead, cobalt or manganese 
oxide to 100 g. of oil.^^ 

Preparation of Driers. In the usual preparation of driers an organic 
acid, such as naphthenic, resinic or a fatty acid, is saponified with an 
alkali, c.g., sodium hydroxide, to form a water-soluble sodium soap. 
Subsequently an oxide or a salt of a metal is mixed with the aqueous 
soap solution and the whole heated. In this manner, an insoluble metal 
soap is formed as a precipitate. The latter is removed by filtration, 
washed and dried. The dried salt is ground into an ink vehicle such as 
linseed oiV- benzene,turpentine, naphtha, “white spirit” (petroleum 
ether) or other varnish solvents. The drier usually is insoluble, or 
practically so in both water and organic solvents.^® 

Aluminum driers may be made by forming the aluminum soaps of the 
hydroxy acids resulting from oxidation of petrolatum. The soaps are 
dissolved or emulsified with a varnish solvent, such as linseed oil or 
tung oil.^® 

In the preparation of driers the alkalinity of the solution can be con¬ 
trolled by the addition of an acid salt of the metal constituent of the 

•A. Mann, Farbe-u. Lack, 1933 (2), 19. 
10 T. H. Gant, J, 8. C. I., 1925 , 44, 191; Chem, Abs., 1925, 19, 1328. 
11 V. Chelinchon, Maslobotno Zhirovoe Dclo, 1929 (5), 49; Chem. Abs., 1930, 24 , 3658; Bnt. Chem. 

Abs. B, 1930, 1037. 
1* R. Pricster, U. 8. P. 2,128,732. Aus:. 30, 1938, to N. V, Industrieele Maatschappij voorheeii 

Noury A Van der Lande; Chem. Abs., 1938, 32, 8807. 
i*L. Rood, U.8. P. 2,113,496, April 5, 1938; Rev. Paint, Colour, Varnish, 1938, 11, 294; Chem. 

Abs., 1938, 32, 4364, and U. S. P. 2,139,134, Dec. 6, 1938; Chem. Abs., 1939, 33, 2355; both to 
Nuodex Products C3o. 

MA. M. Malamed, Russian P. 43,990, 1935; Rev. Paint, Color, Varm^/i, 1938, 11, 294; Chem. .\bs.. 
1938, 32, 3645. 

“A. Minioh, U. 8. P. 2,116,321, May 3, 1938, to Nucxlex Products Co.; Chem. Abs., 1938, 32, 
5118. 

A. Drinberg and V. Varlamov, Masloboino Zhirovoe Delo, 1937, 13 (4), 40; Chem. Zentr., 1938, 
109 (1), 8116; Rev, Paint, Colour, Varnish, 1988, 11, 207. 
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drier. Thus, when an acid is treated with a basic lead salt in forming 
a drier compound, a neutral or acid lead salt of an organic acid is said 
to stabilize the drier compound.^^ Inclusion of small proportions of other 
substances was said to stabilize the metallic soap drier. About one per 
cent of a salt resulting from the treatment of a primary, secondary or 
tertiary substituted ammonium or benzamine derivative, such as tri¬ 
ethanolamine, pyridine, or benzamide, with an organic acid, such as 
salicylic or naphthenic acid, has been suggested for this purpose.^® 

Although, as a rule, driers are incorporated in inks during the milling 
or mixing process, the additions may be made at any time to vary the 
ink for special conditions.^® 

Action of Driers 

The action of driers has been attributed to changes in the valence 
state of these compounds. It has been stated that the driers absorb 
oxygen from the air, thereby passing to a higher valence state. The 
absorbed oxygen subsequently is transferred to the drying oil, and the 
siccative returns to its lower valence state. This cycle is repeated until 
the drying oils have been saturated with oxygen. To be acceptable as a 
drier a metal must, as a rule, have two or more sets of oxides and salts, 
the lower of which, with respect to valence, is the more stable. The 
changes of valence may be observed in the case of some of the metals, 
such as cobalt, manganese, and cerium, by means of variations in the 
color of the drier, but in the case of lead, because its salts do not exhibit 
sharp color changes with change of valence, this is not possible.®® The 
metals have been arranged in their order of activity as driers by Mackey 
and Ingle.®^ They claim that the activity of a metal is a function of its 
position in the periodic table. Cobalt, manganese, nickel, cerium, lead, 
chromium, iron, and uranium all are metals forming two oxides, of which 
the higher is less stable. They are here listed in their order of drying 
power (cobalt, most active). Bismuth, silver, zinc, thorium, mercury 
and aluminum form but one oxide and are therefore less active. Although 
sodium forms but one oxide it is quite active. 

By experimentation with a calorimeter especially adapted for the 
purpose, cotton wool soaked in an oil containing a drier has been tested 
to ascertain the gain in heat taken up by the cotton over a measured 

” K. E. Long, U. 8. P. 2,102,033, D«j. 21. 1937, to Harshaw Chmiical Co.; Rev. Paint, Colour, 
VamUh, 1938, 11, 125; Chem. Abi., 1938, 32, 1499. 

»P. E. Burchfield, U. 8. P. 2,138,087, Nov. 29. 1938, to Harehaw Chemical Co.; Chem. Aht., 1939, 
33, 1974. For a diecuaaion of the preparation of driers, see Chim. Point., 1938, 1, 47; Rev. Paint, 
Colour, Varnish, 1938, 11, 293. A. Foulon, Atlgem. OUu-Feti-VAg., 1038, 3S, 334; Chem. Ahs., 1938, 
32, 8805. 

^•L. W. Clayboum, U. g. p. 1,575,095, July 3, 1928; Rev. Paint, Colour, Varnish, 1928, 1, 172; 
Chem. Abs., 1928, 22, 3307. 

••W. Krtimbhaar, ‘'Chemistry of Synthetic Surface Coatings," New York, Reinhold Piihiisinng 
Corp., p. 45, 1937. 

«W. McD. Mackey and H. Ingle, J.8.C.I., 1917. 35, 317; Chem. Abe., 1917, 11, 2049; Seife, 
1921, 7, 228; Chim. et Ind., 1922, 8, 400; Chem. Abs., 1922, 15, 4072. 
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period of time. The latter was the time in which the temperature of 
7 grams of cotton soaked with 14 grams of oil in which was dissolved 
2 per cent of a drier would rise from 100° C. to 200° C. The faster the 
limit of temperature was reached the more active was the metal drier.^^ 

The negative radical or organic portion of the siccative also plays 
some part in the drying action of the compound. It is thought that ester 
changes occur, and also that the metal radicals change to hydroxides or 
form intricate complexes, particularly in the presence of resins.^ 

It is necessary for good drier action that the metals should be present 
in the oil in true solution; if they are only finely dispersed, they tend to 
go into solution, and the drying process is delayed, as is the case with 
colloidal metals. 

On the other hand the theory of drier action has been explained as a 
colloidal phenomenon; the particles of drier are said to be colloidal in 
magnitude. According to Wenzers law, which states that the greater 
the absolute surface present, the greater will be the chemical change, the 
drying reactions will occur rapidly at the surface of the siccatives because 
their absolute surface areas are great. 

The differential action of a lead drier and one containing cobalt or 
manganese is explained by reference to the orientation theory of the 
surface molecules in an organic liquid. Lead driers tend to cause a slow 
thickening of the film, and a final complete hardening, whereas the other 
driers do not show any action for quite some time and then quickly 
harden the surface of the film, leaving the lower portions rather tacky. 
Referring to the orientation theory, it is thought that the molecules 
arrange themselves so that the most active i)ortions are turned toward the 
liquid phase. When an addition of manganese or cobalt drier is effected, 
the surface tension of the ink or paint is raised slightly, but when lead 
compounds are employed there is a depression in the tension. There¬ 
fore it may be assumed that, although the driers are evenly distributed 
throughout the oil, those inks containing manganese or cobalt driers con¬ 
tain none of the metallic soap in the surface film. The lead drier inks, 
on the other hand, do contain some of the drier in the surface layer. 

When these films are exposed to air, they exhibit different drying 
properties. Films containing cobalt and manganese driers have for a 
surface layer a row of inactive vehicle molecules. Therefore a substan¬ 
tial period of time elapses before the oxygen from the atmosphere can 
penetrate and react with the ink. When the metallic material is finally 
reached the adsorption of the oxygen is rapid, due to the great adsorptive 
power of these two metals. In this manner drying occurs quickly, but 
near the surface of the film. Because the lead is near the surface of the 
ink film, adsorption is initiated at once, but the process is gradual, with 

W. McD. Mackoy nii«l II. Ingle, J.S.C.I., 1915, 35, 4.M; Chem. Aht., 1916, 10, 2045. For a 
more complete discusaion of the testing methods u.scd, see Chapter 17. 

■ W. Krumbhaar, loc. cit. 
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the result that a more even oxidation occurs throughout the film. In the 
drying, however, some of the lead soap is forced to the surface and 
imparts a tacky feel to the surface of the hardened ink/^^ 

Changes in valence occur more slowly with manganese driers than 
with soaps of cobalt, and this is probably the reason for the better action 
of the latter, which is by far the most efficient siccative.^® The fact that 
lead promotes thorough drying, as remarked above, and probably enacts 
polymerization rather than oxidation, is laid to its ability to attach itself 
to the double bonds.^® 

Opinions vary on vanadium, which for the most part is not regarded 
a true drier, although it is sometimes mentioned as having better drying 
properties than manganese and lead, but as being inferior to cobalt 
The action of vanadium is reported to be similar to that of lead, z.c., dry¬ 
ing through the whole film.-* Iron promotes drying at elevated tempera¬ 
tures only, and is used with baking inks. 

Cerium naphthenate is an excellent catalyst, but because of its high 
price and excessive color change when going from the state of high oxi¬ 
dation to that of low valence, its use is very limited in the field of inks 
and paints. It finds application in the preparation of spar varnishes of 
the high-grade type. Zirconium soaps do not possess drying properties, 
but are useful as ingredients of pottery glazes and as anti-chalking 
agents.^^ 

The addition of combinations of driers has proved very advantageous. 
Mixtures of cobalt, manganese or either one with a lead drier have 
better properties than either compound alone; lead and cobalt drier, for 
instance, combine the rapid oxidation of the latter with the drying ^Trom 
the bottom^' of the former. In some instances, the drier combination may 
be prepared by admixing the separate driers and heating the mixture.*^ 
Thus a mixed lead-manganese naphthenate is said to be secured by 
incorporating hydrated manganese naphthenate into a lead salt of the 
same acid. The temperature of the lead salt is maintained at 120- 
205® C. during addition. It has been observed that certain metals having 
no drier effect of their own are able to replace lead in these combinations; 
zinc particularly,^^ but also calcium, magnesium, aluminum, iron and 
thorium show this phenomenon. Extensive experiments have shown that 
the optimum ratios of drier combinations vary with the temperature.®* 

«C. E. Watson, J. S. C. I., 1927, 46, 436, 457; Chem, Ab$., 1927, 21, 2193. H. C. noyson, Paint 
Manuf., I93S, 8, 115; Am. Ink Maker, 1938, 16 (7), 37; Chrm. Ahn., 1938, 32, 4805. 

»/. Khim. Prom., 1933, 10 (4), 22; Farbe u. Lack, 1934 (34), 402. 
«C. A. Knauas, Am. Ink Maker, 1937, 15 (4), 16 . 39; Brit. Chem, Ahi. B, 1937, 810. 

Vancoram Rev., 1931, 2 (1), 4. 
»J. Alexander, Paint, Oil, Chem. Rev., 1930, 90, 10. 
^Am. Ink Maker, 1939, 17 ^3), 41. 
■®0. M. Fisher, U. S. P. 2,116,884, May 10, 1938, to H<icony-Vacuum Oil Co.; Chem. Ab»., 1938, 

32, 5003; Rev. Paint, Colour, Vamieh, 1938, 11, 374. 
MC. MUllcr-Lobeck, Parben-Chem., 1937, 8, 398; Chem. Ahs., 1938, 32, 3640. 
•* V. 8. Kiselev and I. I. Qolovistikov, /. Chem. Ind. Ru$$ia, 1930, 7, 1848; Brit. Chem. Abe. B, 

1932, 116. 
WH. Wolff and O. Zeidlcr, Farben-Ztg., 1934, 39 (35). 897; (36), 921; (37), 945; (89), 993. 
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The action of the catalysts also depends to a certain degree on the 
acid radical; the better the solubility it provides, the faster the drying 
action. Stearates and certain resinates, representing saturated chains, 
and linoleates representing unsaturated chains, are said to be inferior to 
naphthenates, which, because of their structure of saturated cyclic com¬ 
pounds, are supposed to dissolve very easily in oils.*^ They are com¬ 
pletely stable in concentrated mineral spirit and prevent wrinkling and 
other troubles in the use of various drier catalysts with phenolic resins.^® 

Better uniformity in metallic content, permanence of solubility and 
activity are mentioned as further advantages of naphthenate driers.^® 
Some investigators, however, state that fused resinates make the most 
efficient driers,and that an excess of naphthenates gives a plasticizing 
effect, thus yielding poor films.®® On the other hand, it is maintained 
that in moist atmospheres linoleates are more active than resinates.®® 
Borates, used frequently in earlier years, are now employed very rarely; 
they were once considered very useful for half-tone inks.**® Research is 
being steadily carried on to find other acids giving salts readily soluble 
in oils. For example, aliphatic and aromatic keto acids, aromatic alky¬ 
lated and arylated acids, hydro-aromatic and aliphatic ether acids have 
been recommended.^^ 

Capryloxyacetates and salts of toluic acid in which one hydrogen 
atom of the methyl group is replaced by a hydrocarbon radical, e.g., amyl- 

benzoate, have especially been mentioned.^® It seems necessary that the 
metal be coupled with an acid to facilitate ester interchanges and other 
processes mentioned above, for lead tetraethyl,^® cobalt-j8-nitroso-a- 
naplithol and cobalt aeetylacctone show no drying effect in spite of 
excellent solubility. Cobalt pyridine compounds, however, are as active 
as resinates. 

Pigments may influence the action of the catalysts physically and 
chemically. The main physical source is adsorption, which is observed 
particularly on carbon blacks, demanding the addition of driers in larger 

A. Knausa. .4w. Ink Maker, 1937, 15 (4), 16, 39; Brit. Chem. .45a. B, 1937, 810. 

“ C. Knausa, Official Digest Federation Paint ct* Varnish Production Clubs, 1934, No. 136, 158. 

** G. H. Pickard, Am. Paint Varnish Mfrs. Assoc. Tech. Sect. Circ.. 1931, 404, 542; .4m. Paint J., 
1931, 16 (9), 7f; Chem. .45a., 1932, 26, 1140; See also Am. Ink Maker, 1938. 16 (12). 41; R. D. 
Zamplor, et al., Org. Chem. Ind. (U.S.S.R.), 1938, 5, 421; Chem. .4ba.. 1939, 33, 884. 

«W. G. Cha.se, Paint, Oil, Chem. Bev., 1932, 93 (13), 11. 

w Oil, Colour Trades J., 1937, 91 (2010), 1290. Cf. F. R. Jones and C. R. Watts, ibid., 1937, 
91 (1998). 341. 

».4m. Ink Maker, 1934, 12 (3), 13. 
<«II. J. Wolfe, Paint Manuf., 1933 , 3 (10). 287. 

H. A. Bru.son, U. 8. P. 1,933,520, Oct. 31, 1933, to Resinous Products and Chemic.al O).; Chem. 
.45a., 1934 , 2B, 662. IT. A. Brii.'^on and O. Stein, Ind. Eng. Chem., 1934 , 26 (12), 1268; Chem. Abs., 
1935, 29, 945. Also, U. S. P. 1,933,521, Oct. 31, 1933; A. P. V. M. Abs., 1934, (23), 29. 

«H. A. Bruaon, U. 8. P. 1,920,160, Julv 25, 1933; Chem. Abs., 1933 , 27, 4942. U. 8. P. 1,927,887, 
Sept. 26, 1933; Chem. Abs., 1933 , 27, 599.1. II. 8. P. 1,962,478. June 12, 1934; N.P.V.L. Abs., 1934 
(29), 239. U.S. P. 1,969,709, Aug. 7. 1934; N.P.V.L. Abs., 1934 ( 31), 297. U. 8. P. 1,880,759, 
Oct. 4, 1933, to Rohm and llaaa Co.; Chem. Abs., 1933, 27, 1527. .\ll patents except the last to 
Resinous Products and Cliemical Co. 

««C. A. Knauss, Am. Ink Maker, 1937, 15 (4), 16, 39; Brit. Chem. .Abs. B, 1937, 810. 
Ink Maker, 1984, 12, (3), 13. 
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quantities than usually employed.^® Regarding chemical action, it has 
been found that dye pigments precipitated on aluminum hydrate (see 
Chapter 6) substantially decrease the drying effect, whereas those pre¬ 
pared on a blanc fixe base do not influence drying. This behavior is laid 
to small quantities of phosphate which most of the aluminum hydrates 
contain and which poison the catalyst.^® Reaction between aluminum 
and the metallic radicals as assumed in some instances seems unlikely. 
Furthermore, pigments prepared by the acetate process (see Chapter 6) 
retard drying, unlike those made by the nitrate method, because it is 
impossible to remove the free acetic acid entirely. A similar effect 
occurs with driers prepared from metal acetates. Small amounts of free 
acetic acid will hinder or delay the drying action. The stage of valence 
of the catalysts can be influenced by pigments: zinc oxide usually acts 
as reducing agent, titanium oxide as oxidizing agent.^® Lead pigments 
themselves sometimes act as driers to a certain extent.'*® Aluminum inks, 
tinted with dyes, require considerable amounts of cobalt.®® 

Siccatives commonly are of a rather dark color; hence, the varnish 
will be slightly darker after their addition. There is little difference in 
this respect between the several driers,®* but the discoloration usually is 
not very important since only small proportions are added. Annoying, 
however, is the fact that some white synthetic resin inks tend to yellow 
due to the presence of the catalyst, especially when alkyd resins are 
employed, although combinations of driers behave better in tliis respect 
than do single driers.®^ Yellowing also occurs upon the addition of lead 
to pigments containing sulphur.®® In contrast to the other metals lead 
causes most of these complications. For example, when it is employed 
with alkyds, a precipitation of lead phthalates takes place, causing a 
haze in the film.®^ Re.sinates do not show this effect as badly as soaps of 
other acids. The susceptibility of alkyds to lead decreases with increas¬ 
ing molecular weight of the resin. Pome phenolics also will be affected 
by lead. Such driers should be avoided in lithography and tin plate 
f>rinting because of interreaction between the metals.®® 

Peinture, 1930, 18, 189; Farben-Ztg., 1938, 43 (51), 1346; Rev. Paint, Colour, Varnish. 
1939, 12, 18. 

^C. A. KnauM. Am. Ink Maker, 1937, 15 (4), 16; Brit. Chem. Ahs. B, 1937, 810. 
M. Lanten and A. Gnmder, Am. Paint Varnish Mfrs. Assoc. Tech. Sect. Circ., 356, 897. 

Chem. Abs., 1830, 24, 513, 
^Montreal Club, Natl. Paint Varnish Lacquer Mfrs. Assoc. Circ., 1936, 523, 351; Am. Paint 

1936, 21 (8), 7; Paint. Oil. Chem. Rev., 1936, W (24), 114. 
^ Mon. Peinture, 1930, 18, 189. 
••Am. Ink Maker. 1938, 16 (1), 23. 
•^Am. Ink Maker, 1938, 16 (1), 25. 
■•C. A. Knauas, Am. Ink Maker, 1937, 15 (4), 16; Brit. Chem. Abs. B, 1937, 810. 
•• Am. Ink Maker, 1988, 16 (1), 25. 

C. A. Knauaa, Official Digest Federation Paint Ar Varnish Production Clubs, 1935 (145), 156. 
«• Q. Haegena, Tech. d*Imprimerie, 1937, 5, 1181. For ii genfral «liacu.*«Hlon of flriers, aoe N. IT. 

Beaactt, J.8.C.I., 1934 , 53 ( 28), 504; Rev. Paint, Colour, Varnish. 1984, 7. 308; Chem. Abs., 1934. 
28, 492i. F. Fritz, Parben-Ztg., 19M, 43, 775; Chem. Abs., 1938, 32, 8168. Ekade, Papier^Ztg., 
1938, 63 (12), 208; Rev. Paint, Colour, Vamiih, 1988. 11, 108; C. Eokmann, Farben-Chem., 1986, 6, 
367; Chem. Abs., 1987, 31, 6085. F. J. Sieata, Can. Chem., 1938, 22, 180; Rev. Paint, Colour, Vamieh, 
1988, 11, 293. 
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Drier Concentrations 

Subject to many discussions have been the concentrations in which 
to apply the catalysts. Although it appears certain that a combination 
of driers is superior to single siccatives, the exact amount and ratio is 
unknown. Incidentally, despite the prevailing experience, a few experts 
warn against the use of mixtures of driers.®® Employment of excessive 
amounts of driers results in grave drawbacks in respect to the quality 
of the ink,®^ for such practice ®® causes picking, wrinkling and skinning, 
particularly with cobalt; but by addition of zinc this usually can be 
straightened out, presumably through a lowering of the surface tension.®® 
In the lithographic and offset processes especially, an excess of drier 
tends to cause what is called, ^'filling-up*^ of the plates, which means that 
the non-printing areas of the plate are covered by a partially-dried film 
of ink and this spoils the effect of the printed sheet. In extreme cases, 
the tack of the ink is lowered to such a degree that it is not lifted off the 
plate by the offset blanket.®® However, printing inks, intended to dry as 
quickly as possible and not exposed to certain conditions as paints are, 
usually stand a much higher amount of siccatives than the latter. Beyond 
a maximum in concentration, drier action does not improve, but comes 
to a standstill or may even be retarded. A linseed oil-titanium oxide 
paint containing cobalt drier was investigated by measuring weight 
increases in ])ure oxygen, and showed increasing drying power up to an 
end point, above which there was no change. The acid radical of the 
catalyst (resinates or naphthenates) was reported to have little effect.®^ 
From experience the most advantageous quantities are known for use 
of siccatives and their ratios of combination in linseed oil, but no scien¬ 
tific background supports these rules. Winiker ®2 recommends a ratio of 
7.5 parts of lead to 1 part of manganese and states that this is the best 
proportion to obtain the maximum drying speed. If it is necessary to 
keep the drier concentration lower, a proportion of 6:1 is suggested. 
Lead-cobalt combinations are reported to have best activity in propor¬ 
tions of 5:1 If less cobalt is added, the drying time decreases sharply. 
However, addition of more cobalt does not yield a substantial increase 
in drying time. For quickest action, a combination of lead, manganese 
and cobalt in a proportion of 0.5:0.05:0.1 is suggested, which causes an 
oil to dry within 1.75 hours. Workers reporting that perilla oil does not 
dry as quickly as linseed oil (customarily the contrary statement is main¬ 
tained) recommend the addition of larger amounts of catalysts, preferably 

^ Farhen-ZtQ., 1931. 36 (34), 1576; Chem. Ahf., 1931, 2S. 4722. 
^ Paint Manuf., 1934, 4 (7). 203. 
^DeutHchrr Dntckcr, 1937, 44 (518). 78. 
" C. A. Knauss, Official Digest Federation Paint ranirah Production Clubs, 1935 (H5), 156. 
«»C. F. Nat. Lith., 1938 , 45 (3), 47; Rer. Paint, Colour, Varnish, 1938, 11, 192. 
«t). G. Nichol.son and C. E. Holley, Ind, Kng. Chem., 1938. 30, 114. 
«K. Winiker, Farben-Ztg., 1988, 38, 504, 534; Chem. A6«., 1938, 27, 1771. 
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resinates, and state that 0.5-1.0 per cent of cobalt gives best results.®® 
Oiticica oil also requires more drier when serving as substitute for tung 
oil; in this case a combination of lead and cobalt is considered best.®^ 
The catalytic effect of lead and manganese driers on tung oil is indicated 
in Figure 32 and Figure 33.®^® It is advisable to investigate the suitable 
amount of siccative for every kind of ink and not merely to apply the 
quantities used for linseed oil. This is particularly true for synthetic 
resin inks since not all resins are compatible with every drier, as inti¬ 
mated above, and in every case the miscibility, best combination and 
correct quantity should be subjected to careful examination. 

Attempts have been made to set up drier standards, one suggested 
unit of drying power, called ^^aridyne,’" being defined as the drying power 
equivalent to 0.064 oz. of lead. A liquid drier containing 6.4 oz. of oil- 
soluble lead per gallon would be called “100 proofon this basis. How¬ 
ever, the establishment of the aridyne value in the drying power of lin¬ 
seed oil met with considerable difficulty,®® and it is stated that only a 

•H. L. Tchang and C. L. Ling, Bull. facultS set. univ. franeo-chinoiae. Pciping, 1935 (4), 1; 
Chem, Aba., 1936, 30, 4609. 

« Am. Ink Maker, 1936, 14 (9), 35. 
«»G. E. Ludwig, Ind. Eng. Chem., 1925, 17, 1160. 
«C. F. Carrier, Am. Paint J., 1930, 14 (33), 70; Chem. Aba., 1930, 24, 3660. Am. Paint 1930, 

14 (62.D), 25; Paint, Oil, Chem. Rev.. 1930, 90 (17), 71; OU, Paint. Drug Rep., 1930, 118 (19), 58; 
Ch^. Aba., 1931, 25, 221. Am. Paint Vamiah Mfra. Aaaoe. Tech. Sect. Cire., IMl, 404, 635; Paint, 
OU, Chem. Rev., 1931, 92 (24), 52f; Am. Paint J., 1931, 15 (51-E), 18f; Chem. Aba., 1932, 26, 1140. 
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Figure 32. Catalytic Effect of Litharge on Drying of 
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Figure 33. Catalytic Effect of Manganese Borate on 
Drying of Tung Oil (G. E. Ludwig), 

standard established for the drying power of raw linseed oil under uni¬ 
form conditions is worth considering.®® The plan of drier standardization 
seems to have been discontinued, for nothing has been noted in the more 
recent literature. Certain specifications and methods of determination 
of the metallic content are given by a German manufacturers’ league, 
but no real standardization of drying power is attempted.®^ 

Non-metallic Driers 

The transfer of oxygen into the ink is effectively supported by turpen¬ 
tine, depending on its content of peroxides. Other materials show similar 

«W. G. Chase, Paint, OU, Chem. Rev., 1M2. W (13), 11. 
•rW. Meyer, Farbe~u, Lack, im, 36 (81), 339 (32), 373. 
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tendency, e.g., dipentene, menthol and certain other terpenes, but the 
presence of metallic driers is compulsory in all these cases. Small 
amounts of phenol ethers such as isosafrolc or anethole, and aromatic 
ketones, aldehydes or their derivatives promote drying; acetophenone, 
benzaldehyde and salicylaldehyde are examples of the latter acceler¬ 
ators.®* 

Small quantities of ozone cause the inks to dry much faster, but larger 
quantities destroy them, decomposing the fatty acids at the double 
bonds.™ 

Drier compounds are obtained through the reaction of vinylacetylene 
with hydrogen in the presence of hydrogenation catalysts. The oily 
products having more than four carbon atoms per molecule are isolated 
and may contain varying proportions of polymeric acetylenes.''^ The 

paper or other surface to be printed may be conditioned by treatment 
with ozone before it is printed, thus accelerating hardening of the ink.''* 

Rapid film formation occurs when oils, either drying, semi- or non¬ 

drying or an oil such as cashew nut shell oil, are exposed to the vapors 
of sulphur monochloride. Drying oils react faster because in the other 
oils more substitution takes place, requiring a certain time. However, 
even non-drying oils solidify in thin layers within a few seconds. This 
effect seems due to oxidation, since in thicker layers only the surface 
solidifies. The exact mechanism has not yet been established, but the 
reaction can be followed quantitatively.'* Subjected to higher tempera¬ 
ture, the sulphur monochloride probably decomposes before being able 
to react because no such effect could be observed with high temperatures.'^ 

* A. Castiglioni, Ann. chim. applicata, 1930, 20, 249; Chem. Zentr., 1936, 107 (2). 3017. 
•K. K. Honen Seiyu, Japanese P. 99,478 and 99,977, 1933; Chem, Abs., 1934, 28, 2553. 
WC. Denzier, Helv. Chim, Acta, 1933, 16, 807; Chem. Abs., 1933, 27, 4696. 
^French P. 820,286, 1937, to I. Q. Farbenind. A.-G.; i?cv. Paint, Colour, Varnish, 1938, 11, 186; 

Chem. Ab»., 1938, 32, 3177. 
”R. Wiche, German P. 699,859, 1934, to Siemens A Halske Akt.-Oes.; Rev. Paint, Colour, Par- 

nuA, 1936, 8, 26; Chem. Ab$., 1934 , 28, 7561. 
H. P. Kaufmann, J. Baltea and P. Mardner, Fette u. Seijen, 1937, 44, 337, 390; Chem. Abi., 

1938, 32, 815, 816. 
V. Chdinchen, Maeloboino Zhirovoe Delo, 1929 (5), 49; Brit. Chem. Ahs. B, 1930, 1037; Chem. 

Abi., 1980, 24, 3651 



Chapter 5 

Printing Ink Modifiers 

Printing inks can be widely modified by addition of a variety of 
materials ^ in order to impart certain properties to the inks or to inhibit 
undesirable ones. Elimination of offset,^ change in drying speed, reduc¬ 
tion of excessive tack and other factors® are influenced by modifiers. 
Much progress has been made in this respect, many new materials have 
been developed and old-fashioned ones improved. However, many inks 
do not contain modifying agents, since the purpose for which they are 
used does not always require such agents. 

Wetting and Disfebsing Agents 

The fact that some pigments offer considerable resistance to the 
grinding process while others are worked into the vehicle quite easily is 
known to every ink maker. In earlier years this was taken as a matter 
of fact, but in later times scientists began to investigate the phenomenon 
and its causes. It was known that air-bodied heavy varnishes, particu¬ 
larly those which tend to liver, were incorporated with pigments more 
easily than light varnishes. Thus, it was not going very far to ascribe 
the better wetting action to the presence of comparatively large quantities 
of free fatty acids in heavy-bodied varnishes. We know now that wet¬ 
ting is accomplished by so-called polar compoimds, i.e., substances com¬ 
posed of molecular groups having different ends. Metal soaps are exam¬ 
ple of such compounds and, in fact, are employed frequently as wetting 
agents, as will be mentioned later on. The molecules of these polar com¬ 
pounds surround the pigment particles in monomolecular layers and have 
the property of decreasing the interfacial tension between pigment and 
vehicle. Use of wetting agents thus either shortens the grinding time or 
provides finer dispersion of the pigment.'* 

It is obvious from the foregoing that only small amounts of dispersing 
agents are necessary.® Moreover, too large a quantity may have dele¬ 
terious effects, e.g., causing livering (particularly by employment of fatty 

^For a review on materials added to inks see also Chem» Trade 1985» 97, 221. 
* By offset is meant here the occasional detachment from or smearing of the wet ink on the 

printed sheet while handling the latter after it has oome out of the printing machine. 
• R. F. Bowles* Am, Ink Maker, 1937, 15 (4), 25. 
*J. L. Burton, Am, Ink Maker, 1937, 15 (3), 21; Chem, Aba., 1937, 31, 4141; Brit, Chem, Aba. B, 

1937, 589. 
^ Am, Paint Conv. Daily, 1934, 13 (53A), 15; Hatl, Paint VamUh Lacquer Assoc, Circ„ 1934, 

471, 313; Faint, Oil, Chem, Rev,, 1934, 94 (22), 74. 

Ill 
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acids), attacking the pigment or delaying the drying time. On the other 
hand, if incorporated in appropriate proportions, usually varying from 
1/4 to 1 per cent of the ink, the compound may prevent the ink from 
livering. Experience has shown that different wetting agents are neces¬ 
sary for various pigments. Carbon black requires a larger quantity 
because of its comparatively high oil absorption power. Induline oleate 
has been suggested as a wetting agent for carbon black,® also sulphonated 
castor oil. On the other hand, sulphonated mineral oils or the sulpho¬ 
nated condensation product of an aromatic hydrocarbon and a fatty acid 
of high molecular weight ^ {e.g., stearic) are more effective for lithopone.® 
Carbon black may also be dispersed with the aid of cop'per salts, such as 
resinates, stearates, oleates or naphthenates. However, even inorganic 
salts, such as nitrates and chlorides, are reported to be helpful.® Zinc 
naphthenates and lecithin are very useful for wetting titanium oxide 
pigments.^® Titanium oxide is also readily wetted by zinc oleate and lead 
compounds.^^ 

Grinding of pigments with the aid of nitrocellulose is not very com¬ 
mon because of the fire hazard involved. However, cellulose esters may 
be employed for this purpose, especially if they are blended with castor 
oil and, if necessary, dissolved in a hydrocarbon solvent.^^ Nitrocellulose, 
emulsified with water by means of castor oil and an emulsifying agent, 
has also been recommended as a dispersing agent.^® The fire hazard is 
avoided if nitrocellulose is replaced by methylcellulose.^^ Fluidity of the 
ink is said to be improved by adding as a dispersing agent a sulphonic 
acid of phenol-aldehyde or naphthalene-aldehyde condensation products, 
alkyl naphthalene-sulphonic acids, sulphonated mineral oils or alkylated 
{e,g,, isopropylated) derivatives of the latter.^^ 

Sulphonated higher alcohols (particularly of the Cis series) promote 
wetting action.^® The same holds true for mahogany sulphonate.^^ This 

•M. P. Volarovich and V. 8. Borinevich, Kolloid-Z., 77, 93; Chem. Abi., 1937, 31, 560; 
Brit, Chem, Ab$, B, 1936, 1217. 

’This product is known as the Twitchcll reagent: E. Twitchell, /. A. C. S., 1900, 22, 22. Sec also 
Carleton “The Chemistry of Petroleum Derivatives,” New York, Reinhold Publishing Corp., 
1934. 

* Am. Paint Conv, Daily, 1934, 18 (53A), 21; Natl. Paint Varnish Lacquer Assoc. Circ., 1934, 
471, 329; Paint, Oil, Chem, Rev,, 1934, 96 (22), 87; Chem. Abs., 1935, 29, 361; Brit, Chem. Abs. B, 
1935, 32; Rev. Paint, Colour, Varnish, 1934, 7, 467. 

•Am. Ink Maker, 1938, 15 (6), 37. 

^ Natl. Paint Varnish Lacquer Assoc, Circ,, 1935, 495, 376; Paint, Varnish Production Mgr,, 1935, 
13, 40; Paint, Od, Chem, Rev., 1935, 97 (23), 81. 

WD. W. Robertson. Am, Ink Maker, 1936, 14 (11), 18; Chem. Abs., 1937, 31, 1232. 

ME. H. Bucy, U. 8. P. 1,911,104, May 23, 1933, to Brevolite Lacquer Co.; Chem. Abs., 1933, 27, 
4107; Bnt. Chem, Abs, B, 1935, 109. French P. 758,068, 1934; Chem. Abs., 1934, 28, 3254. 

MR. T. Hueka and G. R. Maker, U. S. P. 2,114,713, Apr. 19. 1938, to E. I. duPont de Nemours 
A Co. 

M Hercules Powder Co., Drugs, Oils, dr Paints, 1936, 51, 247; Chem. Abs., 1937, 31, 4141; Brit. 
Chem. Abs. B, 1936, 751. For wetting and settling of pigments see also V. Q. Jolly. J, Oil Col. 
Chem. Assoc,, Ann, Conference Report, 1937, 55; J. C. Smith, Paint Manuf., 1935, 5, 37, 93; Chem. 
Abs., 1935, 29, 3535. C. K. Sloan, Am. Ink Maker, 1937, 15 (2), 16. 

M C. Hollins and E. Chapman, British P. 279.968, 1926; Chem, Abs., 1928, 22, 3055; Brit. Chem, 
Abs, B, 1928, 208. 

M British P. 818,610, 1928, to H. T. BOhme A.-0.; Chem. Abs., 1930, 24, 2257; Brit. Chem. 
Abs. B, 1981, 290. 

«H. Heckcl, British P. 860,075, 1930, to Twitchril Process Co.; Chem. Abs., 1938, 27, 615. U. 8. P. 
1,906,961 and 1.906.962, May 2, 1983; Chem. Abs., 1933, 27, 3627; Brit. Chem, Abs. B, 1984, 157. 
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material is obtained from the oil layer after treatment of mineral oil 
with sulphuric acid or sulphur trioxide. It is separated from the oil by 
alcoholic solvents and distillation.^® Salts of naphthenic acids which have 
proved useful as driers (as stated in Chapter 4) are also advantageously 
used as wetting and dispersing agents/® but for the latter purpose other 
metallic radicals usually are employed, especially zinc.^® The precipitate 
formed by neutralization of sodium aluminate with phosphoric acid has 
been suggested as a wetting agent.-^ A compound consisting of olive oil, 
sandarac and stearin is also reported to work satisfactorily as a dis¬ 
persing medium.^- Particularly good action is secured with compoimds 
containing substituted ammonia radicals. Sulphuric esters of amides 
which are substituted in the ammonia radical by fatty acids are effec¬ 
tive, especially if the acids are unsaturated. Combination of triethanol¬ 
amine with eleostearic acid yields a satisfactory dispersing agent.®^ 
Instead of triethanolamine, cyclohexylethanolamine likewise has been 
used.^® Other substituted amides include heterocyclic aromatic bases 
which are hydrogenated, e.g., piperidine.®® 

An amine having no hydroxyl group and containing at least one alkyl 
radical is said to be useful. It may be condensed with soap-forming 
carboxylic or sulphonic acids or their derivatives (e.g., ricinoleic acid).®^ 
The five-valent, substituted nitrogen atom is generally held responsible 
for the excellent action of these compounds and also that of lecithin 
briefly mentioned above. 

It has also been suggested to use solutions of certain resins (such as 
ascaroid, dammar, colophony, gum lac or a synthetic resin) as dispersing 
agents, especially after they have been treated with aqueous alkaline 
solutions.®® 

An examination of the eflBcacy of a number of dispersing agents has 
been made.®® Using standardized vehicles, the ease of wettability of rep¬ 
resentative pigments was determined for each agent. It was stated that 
zinc naphthenate and lecithin were effective dispersing agents in the 

Carlcton Elh.s. "The Chemistry of Petroleum Derivatives,” Vol. II, New York. Reinhold 
Publishing Corp., 1937, p. 1029. 

»»Carlcton Ellis, “The Chemistry of Petroleum Derivatives,” Vol. II, New York, Reinhold 
Publishing C/Orp., 1937, p. 1117. 

*®C. A. Knauss, Am. Ink Maker, 1937, 15 ( 4), 16; Chem. Abs., 1937 , 31, 4835. 

«W. D. Patten. U. S. P. 1,035,229, Aug. 13, 1912; Chem. Abs., 1912, 6, 3333. 
” H. Lesne and M. Lapierre, French P. 451,452, 1912; Chem. Abs., 1913, 7, 3549. 

“British P. 818,542, 1928, to H. T. Bohme A.-Q.; Chem. Abs., 1930, 24, 2257; Brit. Chem. 
Abs. B, 1931, 433. 

•* A. Chwala, British P. 445,701, 1936; Chem. Abs., 1936, 30, 6968; Brit. Chem. Abs. B, 1936, 652; 
French P. 780,799, 1935; Chem. Abs., 1935, 29, 6081; cf. Farben-Ztg., 1936, 41, 679. 

«W. Kritchevsky. U. S. P. 2,089,212, Aug. 10, 1937; Chem. Abs., 1937, 31, 6773. 

“British P. 224,882, 1924, to H. T. Bdhme A.-G.; Chem. Abs., 1925, 19, 1952; Brit. Chem. 
.Abs. B, 1925, 688. 

“ British P. 469,659, 1936, to United Color and Pigment Co., Inc.; Brit. Chem. Abs. B, 1938, 410. 

«H. Kurs and K. Albert, French P. 43,146, 1934; Chem. Abs., 1934 , 28, 6262; Add. to French P. 
711.618, 1981; Chem. Abs.. 1932, 26, 1810. For a review of wetting of pigments see also Q. A. Camp* 
bell, /. Intern. Soc. Leather Trades Chem., 1937, 107; Rev. Paint, Colour, Varnish, 1937, 10, 273. 

“A. 0. Allen, et. al., Am. Paint 1936, 19, Convention Daily, 14 (Oct. 81); Paint Varnish Pro- 
duction Mgr., 1986, 13, 40 (Nov.); Paint, Oil and Chem. Rev., 1986, 97 (28), 81; Chem. Abs., 1936, 
30, 680. 
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greatest number of cases. The remainder of the agents, in the order of 
decreasing eflSciency, were: “Twitchell Base No. 265” (a sulphonated 
compound), ester gum, oleic acid, “Emulsifier A” (a sulphonated com¬ 
pound) , salicylic acid, and nitrobenzene. The following compounds were 
said to exhibit no dispersing action under the conditions of experiment: 
butyl stearate, benzaldehyde, triethanolamine, ethylene glycol and the 
ethyl ether of diethylene glycol. 

Emulsions and Emulsifying Agents 

To promote and to improve dispersion of pigments and to produce 
certain other desirable properties in printing inks, vehicles for the latter 
are frequently emulsified. As is well known, an emulsion can be made 
with two immiscible liquids, one of which forms the eontinuous or outer 
phase, and the other is the disperse or inner phase. In printing inks the 
two liquids are often a drying oil and water or a dilute aqueous solution 
of some substance to be incorporated with the ink. In place of the dry¬ 
ing oil other organic liquids immiscible with water, e.g., hydrocarbons or 
mineral oils, may be employed. Emulsification is usually effected in the 
presence of an emulsifying agent which may serve also as a pigment¬ 
wetting agent. 

The action of emulsifiers may be explained by their adsorption on 
the surface of drops of the dispersed liquid, which thus receive an electric 
charge from the emulsifier, the latter being a polar compound. Also, 
emulsifying agents may decrease the interfacial tension between the two 
phases, thus facilitating dispersion of one in the other. Explanation 
of the pigment-dispersing effect of emulsions is that selective wetting of 
the pigment is effected by the phase with which it exhibits the lower 
interfacial tension.®* Emulsifying agents which produce a fine subdivision 
of the insoluble coloring matter have been obtained by mixing a solution 
of a gel-forming substance, e.g., glue, gelatin or water-soluble gums, with 
an alkali salt of an organic sulphonic acid, such as the sodium-sulphonate 
of isopropylnaphthalene.®® In place of the alkali sulphonate, neutralized 
and concentrated cellulose sulphite waste liquor,®® or trihydroxyethyl- 
amine may be substituted.®* Sulphonated oils, especially turkey red oil 
(sulphonated castor oil), have been employed for this purpose for a long 

time. 

Since soaps are good dispersing and wetting agents, water-wet pig¬ 
ments may be emulsified with a lithographic varnish in the presence of a 

von Buzagh, '^Colloid Systems/' London, The Technical Press, Ltd., 1937. 

»J. Alexander, “Colloid Chemistry," Vol. Ill, New York, The Chemical Catalog Co., Inc., Rein- 
h<^d Publishing Corp., 1834, Chapter 3. See also WiUombingB, 1939, June, 11. 

“British P. 258,551, 1925, to I. G. Farbcnind. A.-Q.; Chem. Abi., 1927, 21, 3095; Brit. Chem. 
Ab$. B, 1928, 152. 

“British P. 258,551, 1925, to I. G. Farbcnind. A.-G.; Chem. Ahs., 1927, 21, 3095. 

“British P. 270,283, 1927, to I. G. Farbenind. A.-G.; Chem. Abs., 1928, 22, 1418; Brit. Chem. 
Abi. B, 1928, 704. 
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soap as dispersing agent. Dispersion of the pigment in the varnish is 
facilitated by addition of a mineral salt (such as barium chloride or 
magnesium sulphate). The latter cause precipitation of the wetting 
agent, thus breaking the emulsion. The water then separates from the 
oil-pigment mixture, and the latter is ready for use.^® 

Lecithin and particularly the substituted amines coupled with fatty 
acids, as noted above, are good emulsifying agents. Another amine of 
cyclic structure is morpholine (tetrahydro-l,4-oxazine), fatty acid soaps 
of which are used as emulsifying agents. Due to their low volatility, 
emulsions with morpholine soaps can be produced at a relatively high 
temperature (90° C.). Upon drying of the ink film, morpholine gradu¬ 
ally evaporates, leaving the fatty acid as a residue and thus rendering the 
dried films more resistant to water and less apt to re-emulsify.^® Morpho¬ 
line is also reported to aid in the formation of wax emulsion.^^ 

Printing ink vehicles may be admixed with viscous emulsions obtained 
from raw rubber, gutta percha or balata. By working these latter sub¬ 
stances (in a rubber mixing mill) with naphtha or petroleum hydro¬ 
carbons, then passing the mass through a high-speed colloid mill, a vis¬ 
cous liquid is obtained. This product may be incorporated in a propor¬ 
tion up to 20 per cent in drying oils of the type of linseed or tung oil to 
furnish lithographic varnish.^® 

Proteins and glutinous materials, except gum and casein,^® are other 
emulsifying agents. Mahogany sulphonates, noted above as wetting 
agents, are stabilizers for emulsified printing ink vehicles.**^ 

Salts of N-alkylated aminocarboxylic acids,^^ particularly sodium 
p-diethylaminobenzoatc, and also casein together with borax and ammo¬ 
nia may serve as emulsifying agents.**® Besides the stabilizers mentioned, 
pectins, tannins, gums and vegetable mucus may be used. To eliminate 
the usual dampening of paper in lithographic work, an oil emulsion of an 
aqueous solution of one or more deliquescent salts, such as calcium chlo¬ 
ride or borax, is incorporated in the ink.*^ For the same purpose a mix¬ 
ture of glycerol or other polyhydric alcohol, calcium chloride, potassium 

** British P. 452,556, 1936, to International Printing Ink Corp.; Chem. Abs., 1937, 31, 1234; Brit. 
Chem. Abs. B, 1936, 1109. 

A. L. Wilson, Ind. Eng. Chem., 1935 , 27, 867; Chem. Abs., 1935, 29, 6571; Brit. Chem. Abs. B, 
1935, 893. 

^ Am. Ink Maker, 1938, 16 (5), 35. See also Carleton Ellis, “The Chemistry of Petroleum 
Derivatives,” Vol. II, Reinhold Publishing Corp., New York, 1937, 583. 

** A. Davies, British P. 421,820, 1933; Chem. Abs., 1935, 29, 3874; Brit, Chem. Abs. B, 1935, 241; 
Rev, Paint, Colour, Varnish, 1935, 8, 46. 

•British P. 9,663, 1908, to Chem. Fabrik Electro Co., Ltd.; Chem. Abs., 1909, 3, 2492; J.S. C.I., 
1909, 28, 533. 

•Danish P. 88,262, 1927, to Aktieeelskabet Sadolin A Holmblad; Chem. Abs., 1928, 22, 8056. 
•H. Heokel, British P. 360,948, 1930; Chem, Abs., 1933, 27, 1216; Brit. Chem. Abs. B, 1932, 234. 
•Swiss P. 188,298, 1937, to Soc. pour I'ind. ehim. k B&le; Chem, Abs., 1937, 31, 6776. 
•British P. 409,009, 1932, to I. Q. Farbenind. A.-Q.; Chem, Abs., 1934, 28, 6003; Brit, Chem. 

Abs. B, 1934 , 593. 
•W. P. Price, British P. 236,614, 1924, to Schuck, Maclean & Co., Ltd.; Brit, Chem, Abs. B, 

1925, 770: Canadian P. 275,513, 1927, to Horace Cory A Co.; Chem, Abs., 1928, 22, 1244; U. S. P. 
1,817,522, Aug. 4, 1931; Chem, Abs., 1931, 2S, 5584. 
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phosphate with a gum solution, and phenol may be added.'*® In other 
instances, an aqueous solution of an alkali salt, such as soda, in glycerol, 
emulsified with resin oil, may be added to the lithographic varnish.'*® 

To improve brushing qualities and to inhibit running of stencil pastes, 
emulsified false-bodying agents are incorporated. Such emulsions are 
made of a drying oil-modified or a drying oil-fatty acid-modified alkyd 
resin with a solution of metallic soaps in water, mineral spirits or alcohol. 
Soaps of calcium, magnesium and other bivalent metals, e.g., calcium 
oleate, in conjunction with alkali metal soaps, such as ammonium 
stearate, are found to be most effective.^® 

Tack and Viscosity 

Greasy substances are often added to inks to overcome excess of tack. 
Petrolatum, also called petroleum jelly or Vaseline, serves this purpose, 
and at the same time softens and extends the ink.'*® The most applicable 
kind for printing inks is that of high viscosity and a melting point of 115- 
120° F.50 Uqq Qf Vaseline in printing inks has been known for a long 
time and was reported as early as 1890.®^ It may be replaced by wool 
fat,82,63 natural or synthetic w^axes®^ or paraffin wax. The latter 
together with a resin, in some instances, may be dispersed in a concen¬ 
trated aqueous solution of alkali {e.g,, caustic soda or soda ash) before 
incorporation into the ink.®® 

Addition of these substances lowers the viscosity of the ink. As 
little as 5 per cent of paraffin wax decreases the viscosity by about 50 per 
cent. Viscosity relations of mixtures of petrolatum and linseed oil var¬ 
nishes have been indicated.®® Potassium soap was incorporated into inks 
in earlier years. It is now substituted by non-drying metallic soaps such 
as palmitates, stearates or oleates of aluminum, zinc, magnesium or cal¬ 
cium,®^ or by resinates (particularly those of aluminum).®® These soaps 
are added to prevent settling of pigments and, in some instances, to pro¬ 
duce ^‘short^^ inks. 

«P. C. FiUgerald, U. 8. P. 1,406,837, Feb. 14, 1922; Chem. Aba., 1922, 16, 1875. Canadian P. 
215,783, 1922; Chem, Aba., 1922, 16, 1512. British P. 159,809, 1920; Chem. Aba,, 1921, 15, 2199. 

*»&. Weehsler, German P. 236,838. 1909; Chem, Aba., 1911, 5, 3632. 
These are agents which impart the property of thixotropy to the ink. 

«J. W. Iliff, P. Robinson and W. Whitescarver, U. 8. P. 2,011,898, Aug. 20. 1935, to E. I. duPont 
de Nemours Sc Co.; Chem. Aba., 1935, 29, 6770; Brit. Chem. Aba. B, 1936, 895; Uev. Paint, Colour, 
Yamiah, 1936, 9, 815. 

«E. Meyer, Am. Ink Maker, 1934, 12 (4), 13; Brit. Chem. Aba. B, 1934, 463. 
^ Paint Yamiah Production Mgr., 1935, 12, 26. 
nw. Q. Fuerth, British P. 16,689, 1890; J.8.C.I., 1891, 10, 136. 
«W. Obst, AUgem. Ol-Pettztg., 1929, 26, 579; Chem. Aba., 1930, 24, 741. 
HA. J. Oautsche, U. 8. P. 2,018,060, Oct. 22, 1935; Chem. Aba., 1936, 30, 309; Brit. Chem. 

Aha. B, 1936, 1109. 
**Q. 8chneider and R. Folgner, Chem, Umachau, 1932, 39, 175; Chem. Aba., 1932, 26, 6170. 
HK. Bonder, British P. 463,187, 1937: Chem. Aba., 1937, 31, 5906. For a review on waxes used 

in printing inks see J. J. Deeney, Am. Ink Maker, 1930, 8, 25; Chem, Aha., 1930, 24, 4646. 
MR. F. Bowles, Am. Ink Maker, 1937, 15 (4), 25. 
MAm. Ink Maker, 1936, 14 (8), 25. 
MJ. H. Caughlan, U. 8. P. 1,578,582, March 30, 1926; Chem. Aba., 1926. 20, 1723. British P. 

265,787, 1926; CMm. Aha., 1928, 505; Bnt. Chem. Aba. B, 1927, 305. 
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Spreading and setting properties of an ink are said to be improved 
by addition of a composition consisting of petrolatum, magnesium carbo¬ 
nate and sodium silicate.®® Clogging of the printing machine is said to 
be prevented if the ink is modified with manganese dioxide.®® Silica®^ 
or Bologna chalk also are mixed into inks, inhibiting sticking to the 
tympan sheet.®^ Chalk also increases opacity and '^taking power^^ when 
printed on non-absorbent surfaces such as Cellophane, metal foil or 
parchment.®® Barium sulphate, also employed as a substrate for dyes, 
lowers oil absorption (particularly of carbon blacks)®^ and increases 
covering power (for lead pigments).®® 

In offset printing the ink occasionally may mix with the dampening 
water and thus become thin. Addition of a small proportion of magnesia 
and starch in such instances is reported to give the ink a firmer body.®® 
Addition of starch also prevents offset after printing but decreases the 
gloss of the ink.®^ However, some investigators report that offset is 
increased by starch and that resistance to rubbing is diminished when the 
ink is printed on glazed paper.®® Mixtures of gum arabic, gum tragacanth, 
W'ater and alcohol are often used to overcome offset,®® as well as composi¬ 
tions of mutton tallow, starch, paraffin oil and citronella oil.'^® Other 
compounds serving the same purpose consist of mixtures of calcium car¬ 
bonate, zinc oxide, barium sulphate and rapeseed oil.’^ Beeswax or wool 
fat are employed especially for overprint inks.'^^ It is reported that the 
color of the print may be intensified and better permanency secured by 
addition of starch, water and formic acid to a printing ink. Formic 
acid may be replaced by oxalic, phosphoric or silicic acid.*^® 

Many types of materials have been proposed as agents to increase 
the viscosity of printing inks. One example comprises a mixture of 
approximately 45 per cent petrolatum, 10 per cent oil of turpentine, 35 
per cent naphtha, and 10 per cent paraffin wax. The formation of clear 
and durable prints is reported when this product is incorporated to an 
extent of from 30 to 50 per cent by weight in ink.'^’* Rosins from the 

WW. N. H.'i.n.'i nml IT. C. Younfr, U. S. P. 1.273.,361. July 23. 1918; Chem. Ahs., 1918. 12, 2056. 
^British P. 270,671, 1926. to Chem. Fabrik auf Akticn voim. E. Schcring; Chem. Aba., 1928, 22, 

1696; Hrlt. Chem. Ahs. B, 1928, 24. 
H. N. Potter, U. S. P. 908,132 and 908.133, Dec. 29, 1908, to G. Weslinghouse; Chem. Abs., 

1909, 3, 960. M. Wolff, British P. 4,419, 1914; Chem. Ahs., 1915, 9. 2155. 
"" The sheet of paper or cloth placed between the impression surface (platen or cylinder) and the 

paper to be printed. 
^ Deutschrr Drurker, 1937, 44, 78; Paint, Colour, Varnish, 1938, 11, 24. 

Wolff and G. Zeidler, Farben-Chem., 1935, 6, 127; Chem. Abs., 1935, 29, 8363; Brit. Chem. 
Ahs. B, 1935 , 561. 

<»K. WUrth, Farhen-Ztg., 1938, 43, 279; Rev. Paint, Colour, Varnish, 1938. 11, 84. 
^Lith. Offset Print., 1937, 33, 140; Rev. Paint, Colour, Varnish, 1937, 10, 341. 
OTR. E. Hunt. Am. Ink Maker, 1934, 12 (11), 27; Rev. Paint, Colour, Varnish, 1934, 7, 456. 
^ Papicr^Ztg., 1938, 63, 99; Rev. Paint, Colour, Varnish, 1938, 11, 107. 
^R. A. Habernmier, U. S. P. 2,101,999. Dec. 14, 1937, to The De Vilbiss Co.; Am. Ink Maker, 

1938, 16 (2), 37; Chem. Abs., 1938, 32, 1023. Canadian P. 367.893, 1937; Chem. Ab.s., 1937, 31, 7152. 
II. Hackle, U. S. P. 1,272,092, July 9. 1918; Chem. Abs., 1918, 12, 2056. 

L. L. Fnrkns, U. S. P. 1,439.623, Dec. 19, 1922; Chem. Abs., 1923, 17, 888, 
E. A. Kilheffer, Am. Pressman, 1938, 48 (2), 19; Rev. Paint, Colour, Varnish, 1938, 11, 109. For 

overprint vamiahes ace Chapter 14. 
^M. Hnsler, Swiss P. 74,852, 1917; Chem. Abs., 1917, 11, 3450. 
WA. Vccchioni. Italian P. 285.531, 1929; Chem. Zentr., 1936, 107 (2), 1806; Rev. Paint, Colour, 

Varnish, 1936, 9, 816. 
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Siberian larch are also used. Pulverized oil cakes or extraction residues 
are said to be employed as thickening agents after freeing them from 
sand, alkali, and husksJ® 

Chlorinated biphenyls have also found application as materials to 
increase viscosity. These compounds, mainly 2- and 4-chlorobiphenyl, 
and closely-related substances, the ‘^Arochlors’^ (chlorinated phenyl com¬ 
pounds) are non-drying and show no appreciable tendency to oxidize in 
the air. An increase in chlorine content results in higher viscosity and 
a darkening in color from water-white to amber 

Dispersions of water-insoluble higher alcohols, such as cetyl or hexa- 
decyl alcohol, in water serve also as thickening agents.'^'^ Stability of the 
dispersions is secured by addition of salts of fatty carboxylic or sulphonic 
acids. The viscosity of carbohydrate ethers may be reduced to make 
them applicable as thickening agents for inks. The ethers are treated 
with a substance containing molecular oxygen, such as air or an agent 
which yields oxygen in the nascent form, such as potassium permanga¬ 
nate, chlorate or nitrate, or hydrogen peroxide.'^® 

Plasticizers. In some cases, addition of certain materials to the ink 
is necessary to increase flexibility and adhesion. This is particularly 
important for metal coatings. Castor oil has been used for this purpose 
for a long time, as well as other non-drying oils. Mixtures of soft resins 
with solvents (preferably turpentine), mineral oil, and driers may be 
used as plasticizers.*^® 

Numerous other organic compounds, mostly esters, have been intro¬ 
duced as plasticizing agents. Examples are tricrcsyl phosphate and butyl 
lactate. Also, utilization of esters of maleic acid, such as dimethyl-, 
diethyl-, and dibutylmaleate has been proposed.®® Dibutylmaleate has 
a low vapor pressure, and is a solvent for cellulose acetate. These prop¬ 
erties make the dibutyl ester applicable as a plasticizer in printing inks 
containing the above cellulose derivative. Some investigators employ 
glycerol, which also may be substituted by sorbitol or its dehydrated 
products.®^ Certain of the terpenic ethers have been proposed as plasti¬ 
cizers. The ethers are synthesized by heating an alcohol, such as meth¬ 
anol or ethylene glycol, with p-toluencsulphonic acid, benzencsulphonic 
acid or phenolsulphonic acid, and an unsaturated terpene, such as 
a-pinene, a-terpinene or dipentene. After the synthesis has taken place, 
(usually in from 30 to 70 hours), the product is washed with water to 
remove the unrcacted alcohol. Two layers result, one containing the 

W. G. Leitesfl, Russian P. 48,131, 1935: Chcm. Zentr., 1937, 106 (2), 296; Rev. Paint, Colour, 
Varnish, 1937, 10, 262. 

wC. H. Penning, Ind. Eng. Chem., 1930, 22, 1180; Chem. Ahs., 1931, 25, 561. 
^French P. 776,4n, 1935; Chem. Ab^., 1935, 29, 3430; BritiMh P. 443,365, 1936; Brit. Chem. 

Abt. B, 1936, 492; Rev. Paint, Colour, Varnish, 1936, 9, 170; Chem. Abs.. 1936, 30, 5333. Both 
patents to Kamnigamspinnerci St5hr & Co. A.-Q. 

'*®H. F. Oxley, E. B. Thomas, and J. Downing, Britisli P. 479,445, 1938; Chem. Abs., 1938, 32, 
5001. 

»A. M. F. Antonio, German P. 620,976, 1935; Chem. Zentr., 1936, 107 (1). 1726. 
•®Am. Ink Maker, 1938, 16 (7), 37. 
« J. H. Frydlender, Rev. prod, ehim., 1937, 40, 129; Chem. Abs., 1937, 31, 4012; French P. 705,428, 

1927, to I. O. Farbenind. A.-O.; Chem. Ab$., 1981, 25, 6179. 
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original terpene and the other the terpenyl methyl or ethyl ether with 
traces of other compounds.®^ 

Usually a small percentage of a plasticizing agent will produce the 
desired effect, although in some cases a relatively large proportion, com¬ 
pared with the plasticizable substance, is added. In printing on foils, 
films, or other surfaces made of cellulose derivatives, the required amount 
of plasticizer incorporated in inks containing a cellulosic or resinous 
plasticizable base, such as cellulose acetate or a phenol-aldehyde resin, is 
reported to be at least 5 times, and in some cases 10 to 20 times the 
weight of plasticizable substance.®® 

Antiskinning Agents and Antioxidants 

A drying oil, on standing for a certain time with access of air to its 
surface, undergoes a change which begins with the formation of a skin 
on the surface and finally results in the gelatinizing and subsequent hard¬ 
ening of the whole body of the oil. This phenomenon, i.e., the film for¬ 
mation or “drying” of the oil, although not yet fully understood, may be 
explained by polymerization processes, involving certain degrees of oxi¬ 
dation.®^ The final consistency and the time of drying depend upon the 
molecular structure of the oil, to a great extent upon the treatment of 
the latter (primarily refining and bodying processes) and upon its con¬ 
tent of certain catalysts incorporated to promote or to retard drying. It 
has been shown that drying is accompanied by decrease of the iodine 
value ®® and usually by an increase in refractive index. Changes in these 
properties therefore afford an indication of the rate of oxidation. 

Although the formation of a solid film is the purpose for using drying 
oils in printing-ink vehicles, skinning and gelation of inks are very 
undesirable phenomena when they take place during storage of the ink. 
As mentioned above, drying may be promoted or retarded by the addi¬ 
tion of certain catalyzers. To accelerate drying, oxidation catalysts or 
driers®® (usually metallic soaps) are incorporated in the oil. Retarda¬ 
tion is secured by catalysts which inhibit oxidation for a certain time or 
by solvents which exert a dispersing effect ®'^ on a newly formed skin of 
oil. The latter types of compounds are known as antioxidants or anti¬ 
skinning agents, respectively. Solvents having a dispersing effect on 
solidifying oil surfaces include methylcyclohexanol and dipentene.®® 

w French P. 818,787, 1M7, to the Hercules Powder Co.; Rev. Paint, Colour, Varnish, 1938, 11, 206; 
CVtrm. Abs., 1938, 32, 2653. 

WW. H. Moss, British P. 456.898, 1936, to British Cclancse Ltd.; Brit. Chem. B, 1937, 159; 
Chem. Abs., 1937, 31, 2457; See also Chapter 14 for special inks used in printing on Celluloid, Cello¬ 
phane and other analogous cellulosic material. 

••T. F. Bradley, Ind. Eng. Chem., 1937, 29, 440; Chem. ^b«., 1937, 31, 5184. 

**J. Lewkowitsch, "Chemical Technologj' and Analysis of Oils, Fats and Waxes," 5th Ed., 
Macmillan and Co., Ltd,, London, 1914. 

These are discussed in Chapter 4. 
” L. Light and T. Barry, Official Printing Ink Maker, 1934, 4 (3), 10; Chem. A6«., 1934, 28, 3916; 

Paint Manuf., 1983, 3 (12), 346; Rev. Paint, Colour, Varnish, 1933, 6, 322. 
•• L. Light and T. Barry, loc. cit. H. A. Gardner and Q. Q. Sward, Am. Paint Varnish Mfr's. 

Assoc. Ore. No. 400, 1931; Chem. Abs., 1932, 26, 607; Brit. Chem. Abs. B, 1932, 153; Rev. Paint, 
Colour, VamUh, 1931, 4, 271. 
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The use of antioxidants in printing inks and other compositions con¬ 
taining drying oils is relatively new. Those substances which exhibit 
antioxidative properties in most instances are phenolic or amino- bodies 
or their derivatives. Intensive study of such compounds began with that 
on the inhibiting effect of hydroquinone upon the oxidation of acrolein.®® 
The effect of antioxidants on certain drying oils and on some of the semi¬ 
drying and non-drying oils has been determined by various methods. 
The latter depend in some instances upon observing changes in the 
physical and chemical properties of the oil occurring during oxidation, 
as, for example, decrease in iodine value and increase of refractive index. 

Wagner and Brier utilized the changes in these properties to evaluate 
the effect of certain phenols and aromatic amines on the oxidation of lin¬ 
seed oil. The phenolic substances used in these experiments were hydro¬ 
quinone, resorcinol, pyrogallol, and a- and )9-naphthol. The experi¬ 
mental procedure consisted in blowing carefully dried air through raw 
linseed oil, with and without various concentrations (0.00001 to 0.02 per 
cent by weight) of the dissolved antioxidant. The tests were carried out 
at approximately room temperature (30° C.) and at 100° C. They found 
that an extremely low concentration (0.00001) of hydroquinone did not 
prolong the induction period at 100° C., but effectively inhibited oxi¬ 
dation at 30° C. in extending the induction period from 315 to 486 hours 
(see Table 18). A minimum concentration of 0.0001 per cent of hydro- 

Table 18.—Induction Period as a Function of the Proportion of Hydroquinone 
in Linseed Oil at 30* C. 

/-;;-Proportion of Antioxidant Present in Linseed Oil-> 

Time Iodine Rpfr." Iodine ' Refr? 
/—I .Mf 
Iodine Refn 

/» ■ ■— I 

Iodine Refr. Iodine Refr. 
(hours) No. Index No. Index No. Index No. Index No. Index 

0 184.5 1.477 182.5 1.477 182.4 1.477 183.0 1.477 182.3 1.4785 
815 184.0 1.4795 182.0 1.4799 183.2 1.479 183.0 1.477 182.9 1.479 
382 171.3 1.4795 
406 165.4 1.4805 
480 138.8 1.4857 181.0 1.479 » b b 

542 122.3« 1.4882* 175.2 1.4805 
045 140.1 1.4852 
095 130.2« 1.4873- 183.0 1.479 
072 150.7 1.4835 
987 150.2‘‘ 1.4838- 183.5 1.478 

3000 183.9- 1.4795- 183.0 1.4795 
5250 182.1< 1.4801< 

* Samples gellerl. 
* No apparent change. 
* Samples consumed by repeated withdrawals for testing. 
^Sample discontinued. 

quinonc was necessary at 100° C. to retard oxidation effectively, appar¬ 
ently due to the higher normal rate of oxidation at this temperature, 
i.e., the rate at which linseed oil is oxidized without an antioxidant. At 

Moureu and C. Dufraissc, Compt. rend., 1922, 174, 258; O. E. Greenbank and Q. K. Holm, 
Jnd, Eng. Chern,, 1934. 26, 243. 

MA. M. Wagner and J. C. Brier, Ind. Eng. Chem., 1931, 23, 40. M3; Chem. Aba., 1931, 25, 1105, 
8853; Brit. Chem. Aba. B, 1931, 401, 727; Rev. Paint, Colour, Vamiah, 1931, 4, 15, 180. 

*^The initial period of drying, during which no perceptible physical or chemical changes take 
place in the oil. 
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higher concentrations the duration of the induction period varied directly 
within certain limits with the proportion of antioxidant in the oil. The 
proportionateness was found to be nearly quantitative at concentrations 
of between 1:10,000 and 1:800 as regards hydroquinone, at 100® C. 
Within this range, after the end of the induction period, the rate of oxi¬ 
dation, it was noted, rises almost abruptly to that of the oil without 
inhibitor, and the oxidation curves (change of iodine number with time) 
become very nearly parallel to that of linseed oil containing no anti¬ 
oxidant. Further, in this instance, the influence of temperature on the 
rate of oxidation can be seen from the fact that while at 100® C. a 1:1000 
concentration of hydroquinone caused an induction period of about 10 
hours, at 30° C. with the same concentration this period was prolonged 
to more than 8 months. 

At 100° C. pyrogallol effectively inhibited oxidation at a concentra¬ 
tion of 1:1000, as did also a-naphthol, 1 part in 250. Resorcinol was 
found to have only slight effect, and ^-naphthol to be ineffective at 
100° C. The rate of oxidation immediately after the induction period 
increased in the same manner as noted in the tests with hydroquinone, 
except in the case of samples containing a-naphthol. In the latter 
instances an exceedingly high rate of oxidation was observed. This was 
probably due to gradual evaporation of the antioxidant from the oil 
during the induction period. 

From a comparison of the relative effects of the phenols studied these 

antioxidants can he arranged in the following order of decreasing effect: 
hydroquinone, pyrogallol, a-naphthol. 

Investigations hy Wagner and Brier on aromatic amines showed that 
diphenylamine, a-naphthylamine and phenyl-jS-naphthylamine do not 
produce an induction period at 100° C. even at a concentration of 1:100. 
The oxidation curves with the amines parallel those of non-inhibited lin¬ 
seed oil, although tlie iodine numbers corresponding to same periods of 
air-blowing are shifted toward somewhat higher values. 

m- and 7)-Phenylenediamine were found to be very effective anti¬ 
oxidants at 100° C. at a concentration of 1:100. The effect is rciM)rted 

greater than that of an equal concentration of hydroquinone. 

A difference in activity appeared when antioxidants were added after 
the termination of the induction period instead of being present in the 
oil prior to oxidation. Under such conditions hydroquinone inhibited 
oxidation at 30° C. but not at 100° C. On the other hand, m- and 
p-phenylenediamine were effective at 100° C. only. Other antioxidants, 
except a-naphthylamine, which produced a slight retarding effect at 
100® C., and phenyl-^-naphthylaminc, somewhat effective at 30° C., did 
not bring about any change in the rate of oxidation after the end of the 

induction period. 
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The fact that hydroquinone inhibited oxidation at a lower tempera¬ 
ture, although not as effectively as when added before the induction 
period was started, indicates that if a velocity of oxidation above a 
critical value has been reached, antioxidants do not exert an inhibiting 
effect. The behavior of m- and p-phenylenediamine in the last-men¬ 
tioned tests shows that decomposition products of the latter compounds 
are effective. This opinion is substantiated by the tarry black color 
imparted to linseed oil containing phenylenediamine and subjected (at 
100° C.) to blowing with air. No similar occurrence of color was 
observed at a considerably lower temperature. 

By oxidizing a mixture of raw linseed oil (with an iodine number 
of about 190), partially oxidized oil, and an antioxidant, a shortening 
of the induction period was observed. The proportion in which the 
duration of the induction period decreased was dependent upon the prior 
treatment given the partially oxidized linseed oil, the percentage of the 
latter in the mixture and the proportion of antioxidant present. 

Greenbank and Holm*® investigated the effect of di- and trihydric 
phenols, certain other aromatic compounds and aliphatic acids, and of 
certain natural pigments (occurring in plant and animal fats) on cotton¬ 
seed oil. The experimental method consisted of storing the oil, after 
adding 0.01 per cent of the antioxidant, for 10 days, then adding potas¬ 
sium iodide to the sample acidified with acetic acid dissolved in trichloro- 
methane and titrating the liberated iodine with a solution of sodium 
thiosulphate. In this manner they determined the amount of peroxides 
formed in the oil. 

The antioxidant has been characterized by the “protective factor,” 
i.e., the proportion of millimoles of peroxide per kilogram in untreated 
oil to that in the oil containing an antioxidant. No inhibiting action is 
designated by a protective factor of 1. 

Of the phenols studied, hydroquinone, and pyrocatechol, pyrogallol, 
and hydroxyhydroquinone have been found effective, the respective pro¬ 
tective factors being 3.7, 2.0, 3.6, and 3.6. Resorcinol and phloroglucinol 
exhibited protective factors of only 1.1 and 1.0, respectively, or, in other 
words, no antioxidativc effect in accordance with the results obtained by 
Wagner and Brier. The authors give the explanation that o- and p- 
dihydric and 1,2,3- and 1,2,4-trihydric phenols are capable of forming 
quinones, thus building up oxidation-reduction systems at the expense 
of the peroxides formed by the oil. Phenol was studied also, but no 
oxidation-inhibiting effect was observed. 

Phthalic acid is reported to be an effective antioxidant as well as 
maleic acid, but not the stereoisomeric form of the latter, fumaric acid. 
The effect of maleic acid has been investigated with various oils. The 
results are not very different, with a protective factor of 3.0 for linseed 

”0. E, Greenbank and Q. E. ll»lm, Ind. Sng. Chtm., It34. 26, 243; Chem. Abi., 1034 , 33, 2205; 
Brit. Chem. Abt. B, 1034, 411. 
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oil and 3.1 for cottonseed oil. However, for com oil a protective factor 
of 5.3 was obtained, probably due to the smaller tendency of this oil to 
undergo autoxidation. 

Of the natural pigments studied, quercitin, a flavone derivative, 
showed some activity as an antioxidant. 

An extensive research on antioxidants, by Tanaka and Nakamura,®^ 
involved the action of phenols and derivatives, aromatic amines (also with 
driers present), antioxidants for rubber, aniline and some of its deriva¬ 
tives, alcohols, ethers, ketones, and terpenes on linseed oil. The results 
obtained with phenols also showed that pyrogallol, hydroquinone and 
pyrocatechol are good inhibitors. However, the effect of pyrogallol 
proved stronger than that of hydroquinone (in a concentration of 1:1(X)). 
Cresols also have been found effective, though their effectiveness decreases 
in the order, o-, p- and m-cresol. The three isomeric mononitrophenols 
exhibited almost equal activities. With regard to chlorophenols, o-mono- 
chlorophenol was observed to exert a slight inhibiting effect. The experi¬ 
mental method in each instance comprised determination of the iodine 
value of the oil, with and without dissolved inhibitor, after exposing it to 
sunlight for about 39 hours. 

The activity of a- and /3-naphthol at various temperatures has been 
studied by the same method but in absence of ultraviolet rays. Con¬ 
centration of the antioxidant in linseed oil was varied from 0.5 to 5 per 
cent. With a-naphthol the iodine value remained unchanged at room 
temperature for a period of 78 days. Under the same condition 
^-naphthol was slightly less effective. At higher temperatures, particu¬ 
larly at 100° C. and 150° C., the difference between the action of these 
two naphthols was still more conspicuous. At these temperatures, how¬ 
ever, the effectiveness of either one is not permanent, probably on 
account of their volatility. 

It has been reported that oxidation-inhibiting and promoting effects 
of certain compounds are closely related, depending on experimental 
conditions.®® This is indicated by the observations that aniline, xylidine, 
p- and o-toluidine and p- and o-chloroaniline showed both anti- and 
pro-oxidative effects. r^-Toluidine proved an effective antioxidant and 
o-nitroaniline a less active inhibitor for linseed oil. The tests were made 
by determining specific gravity, refractive index, viscosity and iodine 
value of linseed oil before and after exposure to sunlight, the concentra¬ 
tion of the antioxidant tested being 0.()1 mol in 1(X) grams of oil. 

The influence of phenolic ethers and ketones, of terpenic alcohols and 
ketones, and of some aromatic acids has also been investigated.®® Deriva- 

** Y. Tanaka and M. Nakamura, /. Soc. Chem. Ind., Japan, 1930, 33, 126; Chem. Abs., 1930, 24, 
3388; Brit. Chem. Abe. B, 1930 , 776. 

Y. Tanaka and M. Nakamura, J. Soc. Chvm. Ind., Japan, 1930, 33, 107; Chem. Abs.^ 1930, 24, 
2906; Brit. Chem. Aba. B, 1930 , 776. 

•® Y. Tanaka and M. Nakamura, J. Soc. Chem. Ind. Japan, 1931, 34, 405; Chem. Aba., 1932, 26, 

862; Bnt. Chem. Aba. B, 1932, 29. 

••Y. Tanaka and M. Nakamura, J. Soc. Chem. Ind. Japan, 1932, 35, 81; Chem. Aba., 1932, 26, 
2610; Brit, Chem. Aba. B, 1932, 1125. 
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lives of dihydric phenols such as eugenol, isoeugenol and safrole (the 
latter after being exposed to air), acted as strong antioxidants. Benzoic 
and salicylic acid slightly accelerated oxidation. 

Various antioxidant preparations used for rubber have been found 
effective in inhibiting oxidation of linseed oil.®'^ Antioxidative action was 
measured by determining the increase in weight of linseed oil. For 
example, the preparations V.G.B. (acetaldehyde-a-naphthylamine) and 
Neozone Standard (a mixture of phenyl-a-naphthylamine, m-toluene- 
diamine and stearic acid) showed strong activity. 

The opinion has been advanced that antioxidative effect is due more 
to certain arrangements in the molecule of differently active groups of 
atoms than to the proportion of inhibitor employed. These groups, 
which may be classified as antioxidant, include such radicals as phenyl-, 
naphthyl-, hydrazine and cyanide and those designated as auxoanti- 
oxygenophoric, such as the amino-, hydroxyl-, alkyl-, methoxy- and 
carboxyl groups. Oxidation is promoted by oxygenophore groups, e.g.j 
chloro- and nitro- combinations. 

It is reported that antioxidants effectively counteract driers, although 
the action of the latter is not entirely overcome. Experiments with 
fatty-acid soaps or resinates of lead or manganese as driers (0.2 per cent 
metal content in linseed oil) and pyrocatechol, a-naphthol and ^-naph- 
thylamine as antioxidants (0.5 per cent),®® showed an extended induction 
period as compared with that for driers alone. The order of activity 
was found to be the same with and without driers, namely, j3-naphthyl- 
amine, pyrocatechol and ot-naphthol, in decreasing effect. Similar results 
were obtained by Hilpcrt and Niehaus.®® They studied the action of 
phenol, thymol, cresols and ^-naphthol on linseed and tung oil films 
during drying in the absence and presence of cobalt, manganese and lead 
driers. The amount of antioxidant was found to diminish gradually 
during drying. Moore's researches on the effect of antioxidants upon 
oxidation of linseed oil confirm the previously mentioned results regard¬ 
ing the effect of a- and y3-naphthol (the former having the stronger 
effect) and toluidines (the meta-compounds being the most active), as 
well as that of nitraniline. Similarly, the action of driers was not com¬ 
pletely destroyed by the antioxidant. 

It has been suggested that skinning during storage of coating com¬ 
positions containing a drier can be prevented by incorporating crcosol 
(2-methoxy-4-methyIphenol) in a concentration of about 1/3 to 1 per 

•^Y. Tanaka and Sabuo Nakamura, /. Rubber Soe., Japan, 1930, 2, 176; Chrm. Abn., 1931, 25, 
3862; Brit. Chem. Aba. B, 1031, 1106; Y. Tanaka and M. Nakamura, J. Soc. Chem. Ind., Japan, 
1930, 33, 129; Chem. Aba., 1930, 24, 3388; Brit. Chem. Aba. B, 1930, 776. 

•• Y. Tanaka and M. Nakamura, J. 8or. Chem. Ind., Japan, 1930, 33, 127; Chem. Aba., 1930, 24, 
3388; Brit. Chem. Aba. B, 1930, 776. 

”*R. 8. Hilpert and C. Niehaus, Angew. Chem., 1034 , 47, 86; Chem, Aha., 1934, 28, 2649; Brit. 
Chem. Aha. B, 1934, 333. 

L. Moore, Dyer, 1934, 72, 661; 1936, 73, 18; Chem. Ab$.,m5, 29, 2621: Brit. Chem. Aba. B, 
1936, 1008; Rev. Paint, Cohur, VamUh, 1936, 8, 2S6; Chem. Zentr., ifeo, 106 (1). 2106. 
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cent.^®^ Secondary amines produced by the reaction of 2,4-diphenyl 
aniline or its hydrochloride with a phenol or alcohol have antioxidant 
properties. Among the alcohols and phenolic substances which may be 
used are a- and /?-naphthol, phenol, chlorophenol, cresol, methanol, 
ethanol, propanol and benzyl alcohol.^®^ 

Induction period of various fats was prolonged about 1.7 times by 
lecithin prepared from soybeans. A more prolonged induction could 
be obtained after the lecithin was purified by precipitating it with ace- 
tone}^^ 

A mixture of an anti-gelling agent, such as dipentene, and an anti¬ 
oxidant, e.g., hydroquinone, is said to be more effective than an anti¬ 
oxidant alone.^®'* 

The rate of oxidation of films of linseed oil containing an antioxidant 
was measured directly by Stern and Puffett.^®® Their method of obtain¬ 
ing a thin oil film was to dip a piece of iron gauze into the oil. After¬ 
wards the gauze coated with the oil film was exposed at about 100° F. 
to an enclosed atmosphere of humid oxygen. The absorption of oxygen 
was estimated by the decrease in pressure as indicated by a mercury 
manometer. 

Tlie kinetics of drying of oils was studied by Lederer.^®® From his 
results he concluded that the effect of antioxidants is proportional to their 
concentration, up to a certain limit, above which their activity decreases 
with an increase in proportion. However, the quantity of absorbed oxy¬ 
gen at the end of the oxidation is said to be independent of the length of 
time required for complete oxidation. 

Liverinq 

Apparently little is known concerning the actual causes of the phe¬ 
nomenon known as ‘iivering,” which is the flocculation and coagulation 
of inks and paints as a result of the gelatinization of the vehicle. Some 
investigators claim that the acid value of the varnish oil has no bearing 
on the tendency of ink to liver, while others contend that the tendency is 
directly proportional to the acid number of the vehicle. Wolfe points 
out that all acids but sulphanilic (p-aminobenzenesulphonic acid) cause 
livering; sulphanilic acid retards livering of inks, as do calcium hydrox- 

J, K. Hunt and Q. H. Latham, U. 8. P. 1.948,582, Feb. 27, 1934; Brit, Chetn. Ahs. B, 1934, 1070. 
Canadian P. 329,223, 1938; Chem. Ahs., 1933 , 27, 1530. 

M. M. Levine, U. S. P. 2,111,803, March 22, 1938, to Monsanto Chemical Co.; Chem. Abs., 1938, 
32, 8867; Rev. Paint, Colour, Varnish, 1938, 11, 294. 

E. W. Kochenderfer and II. Q. Smith, Proc. Iowa Acad. Sci., 1932, 39, 189; Chem. Abs., 1934, 
28, 8583; Brit. Chem. Abs. A, 1935, 43; Rev. Paint, Colour, Varrush, 1934, 7, 468. 

L. Light and T. H. Barry, Official Printing Ink Maker, 1934, 4 (3), 10; Chem. Abs., 1934, 28, 
3918; Paint Manuf., 1933, 3, 848; Rev. Paint, Colour, Varnish, 1935, 8, 122. 

H. J. Stem and W. Puffett, Trans. Inst. Rubber Ind., 1932, 8. 218; Chem. Abs., 1933, 27, 2080; 
Brit. Chem. Abs. B, 1938, 79; Rev. Paint, Colour, Varnish, 1938, 8, 32. 

10® E. L. Lederer, Petroleum Age, 1935, 31 (44), 1; Chem, Abs., 1988, 30, 2734; Brit. Chem. Ahs. B, 
1938, 10; Ole, Fette, Wachse, 1936 (1), 5; Chem. Abs.. 1938, 30, 4703; Brit. Chem. Ahs. B, 1936, 27; 
Farben-Ztg., 1935 , 40, 1144; Rev. Paint, Colour, Varnish, 1935, 8, 581. 

lOTH. J. Wolfe, Am. Ink Maker, 1984, 12 (8), 18; Rev. Paint, Colour, Varnish, 1934, 7, 376; 
Chom. Abs., 1934, 28, 7868. 
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ide, heavy-bodied mineral oils, petroleum jelly, and Venice turpentine. 
Water absorbed by the vehicle increases the livering tendency. Experi¬ 
ments by Wolfe showed that triethanolamine and calcium and manganese 
gluconates are unsatisfactory as retarding agents. 

Those who do not admit the importance of the acid value of the 
vehicle in livering claim that the formation of soaps is partially the cause 
of thickening. However, more emphasis has been placed upon the struc¬ 
ture, electric charge, and surface activity of the pigment particles and 
their power of solvation. The presence of silicic acid is thought to cause 
livering to some extent.^®® Addition of aluminum naphthenate as drier 
was stated to increase stability of inks and decrease occurrence of 
livering.^®® 

If a coating of a salt or an organic substance is formed on each pig¬ 
ment particle, the livering tendency is stated to be reduced. Oxalic acid, 
tannin, albumin, calcium glycerophosphate, phosphoric acid, various 
phosphates, and aluminum sulphate are some of the materials which have 
been suggested.^^® Livering of basic pigments in the presence of alkyd 
resins is said to be reduced by addition of malic acid.^^^ Inks can be 
prevented from livering and livered inks brought back to workable con¬ 
ditions when linseed fatty acids are incorporated with these materials.^^^ 

The density of an ink may be lowered by incorporation of small quan¬ 
tities of water-soluble aliphatic compounds having a specific gravity 
below 1. Acetone and methanol have been utilized for this purpose.^^® 
A thinner applicable to printing inks consists of kerosene containing rosin, 
varnish and a double silicate of magnesium and nickel.^Other thinners 
are terpineol or terpinyl acetate (especially for rotogravure, offset and 
collotype inks). They arc said to prevent discoloration of white pig¬ 
ments, in contrast to many other thinning agents.^'® Tcrpenic ethers, 
formed by reaction of unsaturated terpenic alcohols with ethylene glycol 
in the presence of a sulphonic acid (e.g., benzene- or phenolsulphonic 
acid), are solvents and act as softening agents.^^^ 

Special types of resins may be employed as modifiers when '^dulf^ 
inks are required. A new type of ^^flat gum*' is reported to have been 

^8. W. Jakubowicz and S. W. Kirsamowa, Kolloid~Z,, 1933, (5 (3), 333; Rev, Paint, Colour, 
Vamith, 1934, 7, 14; P. E. Marling, Am. Paint Vamiih MJtb. Abboc. 8ci. Sec. Circ., 1927, 319, 635; 
Rev, Paint, CoIout, Vamith, 1923, 1, 7; Chem, Abe., 1928, 22, 2069; J. Mattiello and L. T. Work, 
Natl, Paint, VamiBh, Lacquer Abboc. Circ., 1936, 502, 87; Rev, Paint, Colour, VamUh, 1936, 9, 164; 
Chem, AbB., 1936, 30, 8665; L. J. Venuto, Official Digeet Federation Paint VamiBh Production 
Clubi, 1936, 8 (158), 256; Rev. Paint, Colour, Varnish, 1986, 9, 858; H. Wagner, KoUoid-Z., 1932, 
60 (8), 3^; Rev. Paint, Colour, Varnish, 1932, 5, 256; Chem, Abs., 1932, 26, 6161. 

"»A. R. Thornton, Am. Ink Maker, 1935, 13 (5), 19; Chem, Abs., 1936, 30, 3665; Brit. Chem. 
Abs. B, 1935, 684. 

^A. Chwala, French P. 788,001, 1935; Chem. Abs,, 1936, 30, 1594. 
^C, Bogin, U.S.P. 2.092,300, Sept. 7, 1937, to Commercial Solvents Corp.; N.P.V.L. Abs. 

1937, 51, 167; Chem. Abs., 1937, 31, 8, 8232. 
uax. F. Bradley, U. 8. P. 1,478,017, Deo. 18, 1923; Chem. Abs., 1924, 18, 759. 
u*French P. 788,383, 1935, to Encres Antoine; Chem. Abs., 1936, 30, 1595. 
U4J. £. Rhodes, U.S. P. 1,553,914, Sept. 15, 1925; Chem. Abs., 1925, 19, 3605. 
^For description of the various printing processes, see Chapter 1. 

u*British P. 472,938, 1937, to Kemityps Ltd.; Chem. Abs., 1988, 32, 1955; Brit. Chem. Abs. B, 
1938, 693. 

French P. 818,787, 1937, to Hercules Powder Co.; Chem. Abs., 1938, 32, 2658. 
Am, Ink Maker, 1938, 16 (1), 26. 
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developed for this purpose. Hiroe dammar, a fossil Borneo resin, is also 
applicable for matte inks.^^^ This resin also is said to provide adhesion, 
especially in nitrocellulose vehicles. 

Adhesion. Good adhesion of inks on surfaces such as Cellophane, 
Glassine, Celluloid and other non-absorbent surfaces may be accom¬ 
plished by addition of materials which have some solvent powers on such 
surfaces, e.g., a small quantity of a Celluloid solvent is incorporated in 
the ink.^^® Materials which roughen the surface, e.g., acetone or amyl 
alcohol, also are recommended.^^^ The scratch resistance of ink is said 
to be improved by the addition of butyl stearate and also by the 
use of a solid finely ground hydro- or oxy-cellulose in the ink.^^a 

Additive Agents Accelerating Drying. Besides the drier catalysts as 
discussed in Chapter 4 some modifying agents are reported to increase 
the drying power of inks. A mixture of stearin, white wax, lard, boiled 
together and incorporated in boiled oil and potassium bromide is recom- 
mended.^2^ By incorporating semi-liquid, higher alcohols in drying-oil 
inks, the weathering resistance of the latter is reported to be increased. 
The higher alcohols may be obtained by oxidizing solid or liquid paraf¬ 
fins of high molecular weight or by reducing high-molecular fats.^“^ An 
addition of sodium amyl sulphate, in a proportion of about 0.25 per cent 
by weight, is said to prevent smearing and to minimize the tendency of 
ink to accumulate on type plates and rollers. Also this sulphate has 
been reported to increase speed of drying. 

Miscellaneous Compounds 

A compound of sebates or oleates of organic colors with alkali salts 
of sulphonatcd aromatic benzyl bases is reported to “shade off” printing 
inks. The compound, which is soluble in water, benzene, fats and oils, 
but not in ether, is obtained by mixing the water-insoluble dyestuff-salt 
with an alkali salt of the sulphonic acid of an aromatic benzyl corn- 
pound.^^® In addition to the usual constituents, i.e., a drying oil and oil- 
soluble resinous matter, with or without driers, a small proportion of an 
oil-swellable organic salt, e.g., a soap of a metal of the magnesium, alka¬ 
line earth or earth metal group is added to glossy overprint varnishes. 

iwH. Kemner, Farhen-Ztg., 1936, 41, 586; Chem. Abz., 1936, 30, 6220; Brit. Chem. Aba. B, 
1936, 751. 

^ Q. Pundsack, Canadian P. 343,266, 1934; Chem. Zentr., 1935, 106 (2), 443. For discussion of 
printing on cclluloaio surfaooe, sec Cliapter 14. 

^ Papier-Ztg.. 1937, 62, 1142. 
Chem. Trade 1933, 93, 156. 
German P. 527,453, 1926, to Ferdinand Sichel Kotnm.-Qes.; Chem. Aba., 1931, 25, 4724; Rev. 

Paint, Colour, Vamiah, 1931, 4, 231. 
P. Brownaey, Q. Madders, J. A. Grimshaw and H. Redfeam, British P. 322,873, 1928; Chem. 

Aba., 1930, 24, 2903; Brit. Chem. Aba. B, 1930, 338. 
Wolf, F. Drexler and U. Seller, German P. 610,600, 1935, to I. G. Farbenind. A.-G.; Chem. 

Aba., 1935, 29, 6083; Rev. Paint, Colour, Vamiah, 1935. 8, 196; German P. 649,108, 1937, to 1. G. 
Farl^nind. A.-Q.; Chem. Aba., 1937, 31, 8964; Rev. Pamt, Colour, Vamiah, 1937, 10, 405. 

B. Homolka and J. Erber, U. 8. P. 839,590, Dec. 25, 1906, to Farbweke vorm, Meiater, Lueiua d 
Bruning; Chem. Aba., 1907, 1, 657. 
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Also oil-svvellable zinc salts or soaps may be used.^^^ To prevent the 
removable of sulphur from the rubbered cloth of offset machines/^s a 
liquid consisting of a solution of sulphur in aniline or its homologs has been 
recommended, to which furfural may be admixed. This mixture is added to 
the ink.^-® Opacity, smoothness and durability of an ink may be improved 
by addition of titanium dioxide coalesced with sulphate particles.^^® A 
medicated ink contains nutgall, fir balsam, extract of hemlock, beeswax, 
pine balsam and carbolated Vaseline in addition to varnish and pigment, 
and may be used for printing on paper towels.^^^ Objectionable odors of 
inks are diflBcult to remove. Exposure to as much fresh air as possible 
has been recommended.^^- Scheiber suggests the use of a vehicle con¬ 
sisting of or comprising odorless residues from the vacuum distillation 
of castor oil. Small quantities of materials with pleasant odors, e.g., 
perfumes, are sometimes admixed with the inks. 

Printing ink vehicles may be extruded after mixing with collagen,^^‘‘ 
polymerization products of distillates derived from unvulcanized rub- 
ber,^^® creosote oil with rosins or tar oil dispersions of coal, wood, 
straw, cotton, peat or mixtures of these materials.^^^ Pulped peat, with 
or without other black pigments, is reported to be useful in low-priced 
inks. The peat is prepared by boiling it with a viscous solution of 
sodium silicate or other alkaline substance, which causes the peat fibers 
to separate. A vegetable black may be admixed during the latter pro¬ 
cedure. The separated and pulped peat is then filtered and the residue 
incorporated with a vehicle of a drying oil and resin.^®® 

The ^‘crawling” of ink on a glass or ceramic surface is stated to be 
prevented by the addition of approximately 0.01 per cent of bcnzene- 
azo-benzene-azo-j8-naphthol to an oil vehicle such as perilla oil.^®® 

By incorporating sodium diisopropylnaphthalenesulphonate in ink, 
the surface tension of both the ink and the paper to be printed upon is 
reported to be lowered without affecting the durability of either.^^® 

^British P. 434,450, 1935, to Chcmischc Fabrik Hallc-Ainmcntlorf Gebr. Hartmann; Cfiem. Abs., 
1936, 30, 8M; Brit. Chem, Abs. B, 1935, 1056. Sec also Chapter 14 for o\ crprint varnislics. 

See Chapter 1. 
^»J. Scheiber, German P. 608,383, 1935; Chem. Zentr., 1935, 106 (1), 3722; Chem. Abs., 1935, 

29, 2632. 
L. E. Barton and H. A. Gardner, U. S. P. 1,283,455, Nov. 5, 1918, to The Titanium Alloy 

Manufacturing Co.; Chem. Abs., 1919, 13, 196; J.S.C.I., 1919, 38, 46A. 
wiW. T. Billings, U. 8. P. 1,233,962, July 17, 1917; Chvm. Abs., 1917, 11, 2619. 

^ Paint Var. Prod. Mor., 1935, 47, 221. 

«J. Scheiber, German P. 522,277, 1928; Chem. Aba., 1931, 25, 3184. 
*** W. G. Dewsbury and A. Davies, Briti.sh P. 441,571, 1936; Chem. Abs., 1936, 30, 4702; Brit. 

Chem. Abs. B, 1936, 286. Cf. British P. 425,049, 1935; Chem. Aba., 1935, 29, 5690; Brit. Chem. 
Aba. B, 1935, 476. 

^A. Davies, British P. 360,934, 1930; Chem. Aba., 1933, 27, 1217; Brit. Chem. Aba. B, 1932, 237. 

^ E. Evensen and O. Haugan, Norwegian P. 58,648, 1937; Chem. Abs., 1038, 32, 2378. 
^U. Teichmsnn, British P. 166,117, 1921, to RUtgerswerke A.-G.; Chem. Aba., 1922, 16, 851; 

/. a. C. I., 1922, 41, 559. 
Sureties, British P. 14,245, 1913; Chem. Abs., 1915, 9, 158; J.S. C.I., 1014, 33. 798. 

Scofield, Natl. Paint, Varnish, Lacquer Assoe., 8ci. Sect., Circ. 1937 , 541, 213, Am. Ink 
Maker, 1938, 16 (8), 37; Chem. Abs., 1938, 32, 4805. 

^Qenamn P. 590,27^ 1934, to H. T. Bdhme A.>Q.; Chem. Zentr., 1934, 105 (1), 1722; Rev. Paint, 
Colour, Varnish, 1984, 7, 119. 
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The phenomena of silking, sagging, flooding and floating may be mini¬ 
mized by the addition of 6 to 7 per cent by weight of tricalcium phos¬ 
phate or bismuth phosphate suspended in an oil vehicle.^^^ A composition 
suggested for improving drying and tack of ink consists of a mixture of 
Venice turpentine, a drying oil such as linseed, a solvent (c.g., turpen¬ 
tine) , a mineral oil and a drier, as for example, lead resinate.^^^ 

Resins as Ink Modifiers 

Natural and synthetic gums and resins are frequently used in inks 
as bodying agents and in some instances as vehicles. Of the natural 
gums, rosin, dammar, copal, tragacanth, kauri and elemi often find appli¬ 
cation as ink constituents. Many synthetic products, such as the alkyd, 
coumarone, ester gum, and phenolic resins and modifications of these 
substances are employed as bodying agents, protective colloids, and bind¬ 
ing media for inks. Drying resins are synthesized by incorporating an 
oil such as linseed or tung in a resin-forming reaction mixture. The 
product possesses some of the properties of the oil and resin. For exam¬ 
ple the modified resin is oil-soluble, air- or heat-hardening, and plastic. 

Apparently, few natural resins are entirely satisfactory when 
employed in inks because the properties of natural resins are not uniform. 
On the other hand the solubility, durability, viscosity, and other chem¬ 
ical and physical properties of synthetic resins may be controlled during 
manufacture. Some synthetic resins, such as those obtained by polymer¬ 
ization of petroleum fractions and rosin, have been utilized in inks 
because slight variations in the treatment used to produce the resins 
modify their qualities to such a degree that many types of inks may be 
prepared from these substances. 

A gum may be prepared from the albumin of locust beans by removing 
the skins and embryos and crushing the remainder of the bean. Subse¬ 
quently 15 parts of naphthalencsulphonic acid are added to 100 parts of 
ground beans and the whole ground with water to form a paste. The 
latter has been advocated to body inks.^^^ The sodium salt of formal- 
dehydesulphoxylic acid and the sodium salt of benzylsulphanilic acid 
find application as stabilizers for gum tragacanth in inks that contain 
glycerol, potassium hydroxide and a pigment.^^^ 

The utilization in printing inks of resinous materials from extracts 
secured from solvent extraction of petroleum distillates has been sug¬ 
gested.^^® Such extracts generally contain asphaltenes, parafiin wax and 

1** C. J. Borger, U. S. P. 2,147.088, Feb. 28, 1039, to Interchemical Corp.; Chnn. Mjs., 1939. 33, 4064. 

A. Marzio, British P. 482,489, 1938; Chem, Ab$,, 1938, 32, 7294. 
'♦•See Carleton EUi«, “The Chemistry of Synthetic Resins,” Rcinhohi Publishing Corp., New 

York, 1936. Am, Ink Maker, 1939, 17 (5), 31. 
'♦♦A. MUller, U. S. P. 1,749,833, March 11, 1030, to Sigisinund Neuman; Chem. Ab$., 1030, 24, 2258. 

'••Swiss P. 147,416, 1030, to Soo. pour Find. Chim. a BOle; Chem. Abs., 1032, 26, 2332. 

'••E. H. Crawley, U. 8. P. 2,114,796, April 19, 1938; Rev. Paint, Colour, Vami&h, 1938, 11, 300 ; 
Chem. Abi., 1938, 32, 4601. 
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resinous bodies. The extract may be agitated with propanol, butanol, 
hexanol or other wax and asphaltene precipitants, to secure a resin-form¬ 
ing liquid. Thus, amyl alcohol may be mixed with crude petroleum 
extract and the whole agitated for 12 to 24 hours at a temperature of 
about 70® F. to precipitate wax and asphaltenes. The precipitated 
impurities are separated by filtration or centrifuging. The alcohol is 
removed by distillation and the solvent-free liquid remaining is vacuum- 
distilled to remove the lower fractions. The residue from distillation has 
a boiling point higher than 500® F. and an iodine number of approxi¬ 
mately 35. It is a brown liquid with a wide range of viscosity (from 
40 seconds Saybolt at 100® F. to 1000 seconds at 210° F.). The resin¬ 
forming liquid is compatible with usual drying oils and other resins, and 
is soluble in nitrocellulose solutions, carbon tetrachloride, carbon disul¬ 
phide, naphtha (86® C. boiling point), acetone, turpentine, chloroform, 
and benzene. 

Acid resins resulting from the treatment of crude petroleum with sul¬ 
phuric acid may be extracted from the acid sludge with various solvents. 
Fractional w^ashing with alcohol, acetone, or chlorinated hydrocarbons 
effects separation of the resins, which are used for bodying inks.^^’’^ 

By heating natural resins to a temperature above 250® C., polymer¬ 
ization is effected and a semi-artificial resin obtained which may be 
utilized as a binding agent. An ink is made by mixing 72 parts of the 
resin with 20 parts of carbon black and 8 parts of linseed oil.^'*^ One 
diflSculty found with natural rosin and other resins is their tendency to 
crystallize. This tendency may be tested by one of several methods, 
such as keeping the rosin at a temperature of about 100® F. and noting 
the time required to form crystals. The natural resin may be dissolved 
in an equal volume of a vegetable or mineral oil and the time required 
for crystallization noted; also, lumps of rosin may be placed in a test- 
tube with acetone and time of crystal formation noted. Any crystalliza¬ 
tion will occur in less than an hour by this third method, whereas a much 
longer period is needed in the two former procedures.^^® 

The action of sulphuric acid upon rosin also causes polymerization. 
The rosin is dissolved in a solvent, such as a halogcnated aromatic com¬ 
pound, which is stable in the presence of sulphuric acid. The concen¬ 
trated acid causes polymerization and is separated afterwards from the 
resin formed. The solvent is evaporated and the polymerized rosin is 
obtained.^®® 

^L. Singer. British P, 100,270, 1917 (application not accepted, no patent issned); Clivm. Aba., 
1918, 12, 93. 

i«V. Szidon, French P. 828,800, 1938; Chem. Aha.. 1938, 32, 6484. 
Palkin and W. C. Smith, Oil d: Soap, 1938, 15 (5), 120; Am. Ink Maker, 1938, 16 (8), 35; 

Chem. Aba., 1938, 32, 5236. E. Mayfield, Official Digeat Federated Paint Varniah Production Cluba, 
1936 (155), 164; Chem. Aba., 1936, 30, 4946. For a 8tu<ly of the viscosity of solutions of gum dammar 
in various solvents, see C. L. Mantell and A. Skett, Ind. Eng. Chem,, 1938, 30, 417; J. Inat. Petro¬ 
leum Tech., 1938, 24, 264A; Chem. Aha., 1938, 32, 4362. 

«0A. L. Rummelsburg, U. 8. P. 2,108,928, Feb. 22. 1938; Chem, Aba., 1938, 32, 8178; U. S. P. 
2,136,525, Nov. 15, 1938; Am. Ink Maker, 1939, 17 (3), 41; Chem. Aba., 1989, 33, 1526. Both patents 
to Hercules Powder Co. 
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Of the thousands of synthetic resins produced and used commercially, 
only a few apparently are available for printing ink use.^®^ A resin to be 
applicable must possess certain properties, as mentioned above, i.e., solu¬ 
bility, durability and plasticity. Some synthetic resins are not soluble 
in the ordinary ink solvents such as turpentine, linseed oil, benzene, or 
naphtha. Many resins are far too brittle and would not produce a tough 
film in the dried ink. There are, however, a number of plastics which 
do find application in printing inks, and they are used to produce inks 
whose qualities are widely divergent. 

Specific ink properties may be varied by addition of a resin. Ester 
gums add tack, in proportion to their acid values, without a correspond¬ 
ing reduction in length. Maleic acid resins, being more viscous than the 
ester gums, increase both the length and tack of ink, as do the phthalic 
resins. Tung oil-modified phenol resins produce an increase in length 
without a change in tack. These compounds are produced by heating 
a mixture of 1 part of resin in 2^ parts of oil at 175 to 260° F. for 30 
minutes and immediately cooling the mixture. Some resins react with 
the ink pigments. In such instances the latter have to be protected 
with additions of organic acids to the ink.^®^ 

Ester gum is adaptable for ink vehicles and overprint varnishes 
because of its low cost and complete solubility with relatively low vis¬ 
cosity in solvents such as petroleum ether and other organic liquids 
(with the exception of ethyl alcohol). The gum is completely compat¬ 
ible with drying oils and nitrocellulose lacquer vehicles.^^^ 

Rosin-modified alkyd resins are hard and quite friable and possess 
excellent heat and light resistant qualities. Their solutions are more 
viscous than those of ester gum and have the characteristic of releasing 
the solvent from the film with rapidity. These resins may be cooked 
with drying oils to produce varnishes. Some varieties of the resin are 
soluble in petroleum ethers, while others require the addition of ethyl 
alcohol or coal tar naphtha to increase their solubility 

Basic alkyd resins are adaptable for special types of ink, but do not 
find a wide range of use. These resins may vary from hard solids to 
viscous liquids which arc very clear and colorless. Some varieties are 
fairly compatible with cellulose acetate, with which few other synthetic 
resins will mix.^®® Rezyl 110, one type of alkyd resin, when present in 
ink with carbon black, causes an increase in viscosity during storage.^^^ 

wij. McE. Sanderson, /’omf, Od Clicm. Rev,, 1935, 97 (12), 22, 45; Chem. Abs.» 1935. 29, 6775; 
licv. Faint, Colour, Varnish, 1935, 8, 402. J. McE. Sanderson, i4m. Ink Maker, 1938, 16 (.4). 21. 
For a Kenoral di.«?cussion of resin.i a« appliwl to printing ink, see Carleton Ellis, “The Chemistr>' 
of Synthetic Resina,” Reinhold Publishing Ck>rp., New York, 1935; Printing Equip. Eng., 1938, 55 
(5), 18; Rev. Paint, Colour, Varnish, 1938, 11, 107. C. E. Willis, Am. Ink Maker, 1935, 13 (3), 13; 
Rev. Paint, Colour, Varnish, 1935, 8, 208; Chem. Abs., 1935, 29, 4607. 

»“J. G. Hall, Oil Colour Trades J., 1938, 93, 579, 811; ilm. Ink Maker, 1938, 16 (6), 37; Chem. 
Abs., 1938, 32, 3641, 8988; Brit. Chem. Abs. B, 1938, 942. 

»“Bee Chapter 14, on overprint varnishes. 
^J. McE. Sanderson, Am. Ink Maker, 1938, 16 (4), 21. 

«*J. McE. Sanderson, loe. cit. 

MoE. Sanderson, loc. cit. 
^ Am. Paint. J., 1932, 17 (5), 12; Rev. Paint, Colour, Varnish, 1932, 5, 304. 
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A typical alkyd resin is produced by heating together glycerol, linseed 
oil, phthalic anhydride and colophony. When the resin is formed it may 
be ground with Lithol Fast Scarlet R and the resulting mixture dis¬ 
solved in a vehicle with the addition of driers and plasticizers.^®^ 

Saturated fatty acid-modified alkyd rosins frequently are used with 
nitrocellulose lacquers because the modified alkyd resins exhibit no dry¬ 
ing qualities by themselves. They are compatible to a limited extent 
with drying-oil vehicles and with petroleum ethers. They are soluble 
in many of the organic ester solvents used in lacquers (amyl acetate, 
butyl acetate), and find application where “drying'* is accomplished by 
penetration of the printed material.^®® 

Alkyd resins modified with drying oils have wide application in print¬ 
ing inks. They combine the characteristic resin qualities of hardness 
and gloss wdth those of drying oils, i.e., toughness and tack. There are 
exceptionally pale-colored resins in this group. These are utilized with 
light-colored pigments. A printing ink with a viscosity of from 25 to 
60 seconds is made by incorporating a resin produced by the reaction of 
glycerol, phthalic anhydride, and a drying oil. The latter comprises 
approximately 40 to 55 per cent by weight of the resin. The resin is 
dissolved in a volatile solvent and driers and a pigment are added. 

Addition of phenol to alkyd resins increases the water resistance of 
the latter. However, the modified resins are somewhat darker than 
ordinary alkyd resins.^®^ 

Urea-formaldehyde resins are applicable for printing inks, althougli 
to a rather limited degree. They arc thennosetting and when it is pos¬ 
sible to effect drying of the printed matter at about 225^^ F., these resins 
may be employed. They are soluble in many organic solvents, especially 
in a mixture of xylene and butanol.Aminotriazineformaldehyde resins 
are closely allied to the urea type of product and find application in inks. 
The speed of hardening may be regulated by the addition of accelerators. 
Materials such as kaolin and lithoponc act as fillers for the resin when 
printing pastes are made.^®^ 

Among polymerization products which arc adaptable as ink binders, 
polystyrene and polymerized unsaturated aliphatic acids, such as 
acrylic acid,^®® serve as examples. The polystyrene resins are soluble in 
reduced naphthalenes or in mixtures of the latter with esters of high boil¬ 
ing point, such as phthalates and stearates. 

“•British P. 337,199, 1929, to I. G. Farbeniml. A.-O.; Chem. Aba., 1931, 25, 2011. Sec also 
L. Lilienfeld, British P. 171,601, 1920; Chnn. Aba., 1922, 16, 1301. German P. m.m, 1934, to I. Q. 
Farbenind. A.-Q.; Chem. Aha., 1W4, 28, 2653; Rev. Paint, Colour, Varnish, 1934, 7, 196. British P. 
373.283, 1932, to I. G. Farbenind. A.-G.; Chem. Aba., 1933, 27, 3627. French P. 700,892, 1930, to 
1. O. Farbenind. A.-0.; Chem. Aba., 1931, 25, 3856. 

“•J. MeE. Sanderson, loe. eit. 
E. H. Callahan, Carmdian P. 332,858, 1933, to the Canadian Industries, Inc.; Chem. Aba., 1933, 

27, 4428. 
McB. Sanderson, loe. eit. 

^J. McE. Sanderson, loe. cit. 
“•British P. 480,816, 1938, to Soe. pour Find. Chixn. k Bile; Chem. Aba., 1938, 32, 5965. 
“•German P. 693,661, 1934, to 1. Q. Farbenind. A.-G.; Chem. Zentr., 1934, 105 (2), 519; Rev. 

Paint, Colour, Vamiah, 1934 , 7, 294. 
“•Britisb P. 361,508, 1933, to I. G. Farbenind. A.-G.; Rev. Paint, Colour, Vamiah, 1932, 5, 166. 
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Synthetic copal resins are easily prepared and possess qualities such 
as freedom from stickiness, rapid drying, and uniformity of properties, as 
compared witli natural rosins. Certain varieties of copals have been 
suggested for light-colored inks.*®* 

Coumarone resins are not satisfactory per se as binders for ink because 

they produce brittle and non-durable films through the oxidation of their 
paraindene eontent and the polymerization of the paracoumarone con¬ 
stituent. However, when these resins are modified with drying oils, much 
the same as the alkyds, satisfactory printing inks are reported to be pro¬ 
duced. Such inks possess high gloss.*®* 

Alcohols obtained from the reduction of natural resins are fused at 
120 to 150° C. with an organic or inorganic acid and a mono- or poly- 
hydric alcohol. Among the acids used are boric, phosphoric, lactic, 
lauric, laevulinic, salicylic, oxalic, adipic and phthalic. The resins 
resulting have been advocated as binders for ink.*®® 

E. Fonrohert, Kuriststoffe, 1931, 21, 145, 178; Chem. Ab$., 1931. 25, 5583; Paint Manuf., 1931, 
I (6), 160; (7), 196; Tiev. Paint, Colour, Vamnh, 1931, 4, 247 , 281. W. Schwedler, Seifensieder-Ztg., 
1932, 59 (19). 301; Rei\ Paint, Colour, Varnish, 1932, 5, 174. 

Marcusson, Chrm.-Ztij., 1919, 43, 93, 109, 122; Chem, Abs., 1919, 13. 2607. 

Aii.'?trian P. 146,509, 1936, to Deutsche Hydrierwerke; Chem. Zentr., 1936, 107 (2), 3208; Rev. 
Paint, Colour, Varnish, 1936, 9, 396. 



Chapter 6 

Pigments 

Printing-ink pigments may be defined as substances or mixtures of 
substances which impart color and opacity to inks; also, pigments serve 
to some degree in increasing the body of the ink. 

Printing inks may be divided into three general classes, planographic, 
intaglio and typographic inks.^ For lithographic inks, pigments must be 
completely free from acids, and insoluble in water. Pigments contain¬ 
ing acidic substances would cause continued etching of the stone or plate 
during the printing operation with consequent blurring of the printed 
impression. Further, lithographic and offset printing are effected by 
utilization of the principle that oil and water do not mix.^ For this reason 
it is necessary that the pigments be insoluble in water. Otherwise bleed¬ 
ing of the pigment into non-printing areas would occur, causing a blurred 
impression on the final printing surface.^ Also pigments employed for 
planographic printing must have great color strength. This is particu¬ 
larly true in offset printing, whore a thin film of ink is transferred from 
the plate to a rubber blanket and then to the final printing surface.^ 
Pigments employed in offset printing should contain no compounds which 
would react with the printing plates. Thus, sulphur-containing pigments 
generally are avoided wlaai zinc is employed in the printing plates. 

Pigments intended for u.se in intaglio inks must be soft and non¬ 
abrasive.® Otherwise, the inks would scratch the printing plates when the 
doctor blade was run over the latter to remove excess ink. Also, as with 
planographic inks the pigments should be free from substances which 
might react with the printing plates. Color strength is not as important 
in intaglio printing as in planographic work, since relatively large bodies 
of ink are carried in the former operation, as compared with the thin 
films required in planographic printing. 

The requirements for pigments intended for typographic inks are 
somewhat less stringent than for the two types mentioned previously. 
Almost all pigments will serve for letter-press inks. To prevent offset 
high concentrations of pigment in ink generally are employed. There- 

IT. M. Tyson, OU and Colour Chrm. Aitnoc., 1918, 1 (5); J. S. C.I., 1918, 37, 742A; Chem. Abt., 
1919, 13, 1158. 

* For fU*scrii>lion of planogiaphic printing, sor CHiaptfr 9. 

*If. Harlcrt, Paint Manuf., 1933 , 3, 5; Chrm. Abs., 1933 , 27, 1526; Hev. Paint, Colour, Varnish, 
1933, 6, 25. See also W. Van Wullin-Scholten, Farben-Chein., 1937 , 8, 337 , 368, 406; Hev. Paint, 
Colour, Varnish, 1938, 11, 83. 

*E. G. Jones, OU Colour Trades J., 1932, 81, 906; Rev. Paint, Colour, Varnish, 1982, 5, 90. 

‘ For a description of intaglio printing, see Chapter 10. 
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fore inks which have a low oil absorption, i,e., require small amounts of 
oil vehicle, usually are utilized. Other considerations, such as color 
strength, must be considered, so that the quality of low oil absorption 
is not absolutely necessary in all instances. 

Other properties are required for coloring agents used for special 
purposes. Thus, inks with which tin printing is effected should have 
heat-resistant pigments. When printed matter is to be covered with 
varnishes containing alcohol, the pigments employed should be non¬ 
bleeding in this solvent. Also inks for printing soap-wrappers should 
be inert to alkalies. 

Colored pigments other than blacks may be classified according to 
structure as mineral (or inorganic) and organic colors (produced from 
natural or synthetic dyes).^ Since inorganic pigments comprise many dif¬ 
ferent types of chemical compounds, these coloring agents have been 
classified in this text according to color. Also, extenders have been 
included under the heading of inorganic pigments, since extenders are 
inorganic compounds, though not true coloring agents. Organic colors 
have been grouped according to chemical constitution and properties. A 
section has been devoted to carbon I)lack, the backbone of the printing- 
ink industry. 

Inoiu^anic or Mineral Colors 

Red, which has been termed the liquid fire of the ink fountain, has 
many desirable qualities which have given it a dominating position in the 
printing industry.'^ For example, red has its maximum strength at a posi¬ 
tion midway between black and white, and although some other colors 
also have this characteristic, red is much stronger than these. For this 
reason, red was said to be an ideal color for accenting a black and white 
printing job. Further, most reds arc reported to be resistant to the 
reactions encountered in ])rinting, such as fading, bleeding and heat- 
changes. 

The psychological reactit)ns to color are of great importance and have 
been used in the layout and idanning of various work. Thus, red has 
been employed to symbolize valor, danger, fire and anger and also to 
attract attention. It may be intense, vital and exciting in mood, and is 
capable of great refinement when used discreetly. 

Inorganic red pigments which have been utilized in the printing-ink 
industry include vermilion, cadmium red, molybdate orange, and iron 
oxide reds. All have characteristics which make them effective in cer¬ 
tain types of printing. These properties, together with the limitations, 
indicate to some extent the possible applications of such pigments. 

VermiUov. The bright red sulphide of mercury known as vermilion 

V\»r (Iiscu**siim in inks, 8cc Ti. Lnrson &nd F. A. Wcy’mouth, Pciiut, Od oud 
Chem. licv., 1937, 99 (17), 20; CVirm. Abs., 1937, 31, 7673. 

See The Official Printmo Ink Maker, 1934, 4, (3). 
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was employed as a pigment as early as 400 B.C.® Two processes have 
been used in the preparation of this material.® In the wet process, mer¬ 
cury and sulphur were ground together under water. When the elements 
had formed an apparently homogeneous mixture, the whole then was 
stirred with a solution of sodium hydroxide or sodium sulphide. In this 
manner, black mercury sulphide was converted to brilliant scarlet mer¬ 
curic sulphide. The dry process comprises agitating mercury and sulphur 
together until an amorphous black powder is secured. The latter then 
is sublimed and washed with a hot solution of sodium hydroxide. Sub¬ 
limation of the black mercuric sulphide results in conversion of the latter 
to the red form. 

Pure vermilion was reported to be insoluble in water, oil, alcohol, hot 
paraffin, acetone and benzene. It shows a low oil absorption, which 
means that a small quantity of oil vehicle is necessary to disperse the 
pigment. As a result the hiding power of the resulting ink is good. For 
this reason vermilion has been employed in lithographic printing, and to 
some extent, in printing on tin. However, it was said to be somewhat 
unsuited for tin printing since heat causes a darkening of the eolor.^® 

In preparing dispersions of a pigment such as vermilion, the latter 
may be ground into a paste with water.^' The paste subsequently was 
emulsified with a solution of asphalt and xylene. The water which sepa¬ 
rated from the mixture was withdrawn and the residue distilled to remove 
the remaining water. 

Cadmium Red. Copreeipitation of a mixture of cadmium sulphide, 
cadmium selenide and barium sulphate, followed by calcination of the 
precipitated mass, produces the pigment called cadmium red.'® The red¬ 
ness of this coloring agent depends upon the cadmium selenide content, 
and increases as the proportion of the latter becomes greater.'® Cadmium 
red was stated to be insoluble in water, oil, hot paraffin, acetone, benzene, 
alcohol, and dilute aqueous acids.'^ Also, the hiding power of cadmium 
reds has been reported to be about three times as great as that of ver¬ 
milion, but the former is somewhat duller in tone. The principal utiliza¬ 
tion of cadmium reds apparently has been in lithographic and tin 
printing. 

* C/. n. J. Wolf#*, “The Manufacture of Printing nnd Lithogriipliir Inks," New York, MacNair- 
Dorland Co., Inc., 1933. 

•S. h. Karpelea, A. 13. Portman and P. Thon)a.wt. Am. Ink Mnkrr, 10.36. 14 f.M, 39: Jirit. Chrm. 
B, 1936, 702: Chrm. Ahg., 1937, 31, 4141 ; Rev. Paint, Colour, Varni.<^h. 1936, 9. 242. C Fck- 

rn.ann, Farben-Chem., 1935, 6, 365; Chem. Ab^., 1936 . 30, 2408; Rrv. Paint, Colour. VarniAh, 1933, 8, 
483. 

'OH. Wilson, Ind. Mineral Rockn, 1937, 493; Chem. Zrntr., 1938, 109 (1). 1465; Rev. Paint, Colour, 
Varnhh, 1938, 11, 83. 

^'11. Cajar, Au.«jtrian P. 127,824, 1931, to Ka.«it and Ehringer G. m. b. IT.; Chrm. .Ih.i., 1932, 26, 
4486. 

^ W. J. O’Brien, Paint Vnrnii*h Production Mgr., 1031, 5 (5), 8; Rev. Paint, Colour, Vnrninh, 
1931, 4, 113, W. H. Droflte and W. Wilden^ee, Verfkromrk. 1938, 11, 158; Brit, (^hrtn, Ahn. B, 1938, 
1326; Chem. Abe., 1938. 32, 8167. 

“8. L. Karpelea, LHh. Offset Print., 1931, 27, 208; Rev. Paint, Colour, Varninh, 1931, 4, 250. 
^*8. L. Karpelea, A. B. Portman and P. Thomsaaet, Am. Ink Maker, 1936, 14 (5), 89; Chem. 

Ahi., 1937, 31, 4141; BHt. Chem. Abi. B, 1936, 702; Rev. Paint, Colour, Varnish, 1936, 9, 242. 
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Molybdate Orange. Mixtures of lead chromate, lead molybdate and 
lead sulphate which have been precipitated together give an orange pig¬ 
ment said to be fast to light and insoluble in water, oil, hot paraffin, and 
dilute aqueous acids and alkalies.'® 

There has been some question as to whether presence of lead sulphate 
is essential to preparation of molybdate orange.'® It was reported that 
molybdate orange could be prepared with lead chromate and lead molyb¬ 
date without lead sulphate, although the reaction was somewhat more 
difficult to control. That is, lead sulphate is of value in maintaining the 
crystal form (tetragonal) of the chromate which is formed in conjunc¬ 
tion with lead molybdate. However, the borate, perborate, silicate, 
cyanide, nitroprusside, ferricyanide, chloride or carbonate of lead have 
been employed in place of lead sulphate without affecting ease of manu¬ 
facture or color of the product. Indeed it was stated that molybdate 
orange prepared with a ferricyanide of lead was more brilliant, and much 
faster to light than any of the colors prepared with lead sulphate. 

Molybdate orange has been utilized in lithography and tin printing 
and in conjunction with red toners to produce brilliant, opaque reds espe¬ 
cially for printing on transparent surfaces.'’^ 

Orange Mineral, Red Lead. Oxidation of metallic lead by heating 
in a current of air is employed to effect conversion of the metal to red 
lead, or as it once was termed, minium. Also, this pigment can be secured 
by heat treatment of white lead (basic lead carbonate).'® Orange mineral 
was said to be fairly resistant to light. However, in common with other 
lead pigments, it reacts with hydrogen sulphide fumes to form lead sul¬ 
phide'. which is black. Also, it shows a tendency to react wdth drying 
oils, particularly those of a highly unsaturated character. This causes 
the ink to body rather quickly and leads to livering of the ink. Orange 
mineral has been said to have a high specific gravity and low oil absorp¬ 
tion, indicating good hiding qualities. In combination with red toners, 
red lead yields brilliant opaque inks that are applicable for printing on 
transparent surfaces.'® 

Indian Red or Venetian Red includes the naturally-occurring iron- 
oxide pigments. The oxide is the active coloring agent in these sub- 

E. R. Allen, Official Digest Federation Paint and Varnish Production Clxtbs, 1931, 104, 409 ; 
Rev. Paint, Colour, Varnish, 1931, 4, 108. 

A. Linz, Am. Ink Maker, 1938, 16 (9). 51. Schultze, Ann., 1863, 126, 52. F. M. Jaeger and H. C. 
Germs, Z. anorg. allgem. Chevt., 1921, 119, 145, 169; Chem. Abs., 1922, 16, 1190. E. Le<lerle and 
H. S. Grimm, U. S. P. 1,926,447. Sept. 12, 1933, to I. G. Farbenind. A.-G.; Chem. Abs., 1933 , 27, 
5994. German P. 574,879 and 574,380, 1933; Chem. Abs., 1933, 27, 3626. German P. 595.473. 1934: 
Chem. Abs., 1934 , 28, 4255. German P. 615,147, 1935; Chem. Aba., 1935, 29, 6445. U. S. P. 2.030,009, 
Feb. 4, 1936; Chem. Abs., 1936 , 30, 2028, H. Wagner, R. Haug and M. Zipfel, Z. anorg. allgem. 
Chem., 1932 , 208, 249; Chem. Abs., 1933, 27, 34. U. 8. P. 2,063.254, Dec. 8. 1936; Chem. Abs., 1937, 
31, 893. A. Linz, Belgian P. 327,250, 1937. 

’^C/. H. Zimmer, French P. 696,423, 1930; Chem. Ab.s., 1931, 25, 2865. 
'•See Chemical Age, 1932, 26, 424; Rev. Paint, Colour, Varnish, 1932. 5, 114. Cf. Farbrn-Ztg., 

1935, 40, 559; Rev. Paint, Colour, Varnish. 1935, 8, 306. K. Wilrth, Fnrbcn-Ztg., 1936 , 41, 185; 
Z. dcs Vereins Deutscher Jngenieure; Rev. Paint, Colour, Vami.sh, 1936 , 9, 92. 

'•For a survey of theories advanced to explain pigment characteristics, see H. Grohn, Farhen- 
Chem., 1931, 2, 200', Brit. Chem. Abs. B, 1932, 117; Rev. Paint, Colour, Varnish, 1931, 4, 110. See 
also H. Haciert, Farbe u. Lack, 1926, 457; Chem. Abs., 1927, 21, 181. 
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stances, which generally contain other materials as impurities. The 
amount and nature of the impurities determines the hue of the pigment. 
The latter range in color from a purplish brown to light red. 

Hematite was the source of iron oxide pigments for centuries. The 
ore was mined, ground, screened and washed to prepare it for use as 
pigment. More recently, utilization of by-product ferrous sulphate from 
the iron industry as raw material has been practiccd.^^ The waste sul¬ 
phate liquor is treated with calcium hydroxide and the mixture calcined 
in reverberatory furnaces or rotary kilns. The calcined pigment gener¬ 
ally contains about 40 per cent ferric oxide, the rest being calcium sul¬ 
phate. Also, iron oxide pigments may be secured from copperas (ferrous 
sulphate). The latter is heated to convert the sulphate to ferric oxide 
by removal of sulphur trioxide. 

Iron oxide pigments are fast to light, alkalies, oils, water and alco¬ 
hol. Venetian reds are slightly soluble in acids. 

Because of their grittiness, iron oxide pigments generally arc used 
only in poster inks and in stamping and plate inks. For these purposes, 
the permanency and low oil absorption of Venetian reds make the latter 
acceptable. 

Yellow, the inspirational note, is one of the lightest of all colors, and 
is of great strength.^^ It is symbolic of wisdom and inspiration, and is 
well suited to express gaiety and merriment because of its active and 
stimulating effect. It may be contrasted with black to obtain good visi¬ 
bility, or with purple-blue shades. 

Cadmium Yellow. Cadmium sidphide, generally known as cadmium 
yellow, is prepared by bubbling hydrogen sulphide gas through an aqueous 
solution of cadmium chloride or cadmium sulphate to which a small })ro- 
portion of free acid has been aihled/-- The resulting opaque yellow pre¬ 
cipitate is washed, filter-pressed and dried in a current of warm air. 
Different shades of yellow can be obtained by altering the temperature 
and acidity of the aqueous cadmium chloride or sulphate solution and the 
rate of flow of hydrogen sulphide. 

Cadmium sulphide is light-resistant and is not affected by hydrogen 
sulphide or aqueous alkalies,^^ It does not bleed in alcohols or hot paraf¬ 
fin, but does bleed in aqueous acid solutions. The pigments are easily 
ground but have a tendency to pile up on the press unless admixed with 
an cxtcnder.2^ 

*>J. W. Ayers, Paint, Oil, and Chem. Rev., 1930, 90 (10), 10; Chrm. Abs., 1930, 24, 5170. 
a The Official Printinq Ink Maker, 1934 , 4 (3), 8. N. Heaton, J. Oil Colour Chem. Assoc., 1931, 

14, 373; Chem. Abs., 1932, 26, 1806; Brit. Chem. Abs. B, 1932, 436; Rev. Paint, Colour, Varnish, 
1932, 5, 2. 

«F. W. Wcher, Druqs. OiU A Paints, 1930, 46, 237; TO v. Paint, Colour, VarniHh, 1931, 4, 6. 
»C. Eckmann, Farhen-Chem., 1935, 6, 365; Chem. Ahs , 1930, 30, 2408; Rev. Paint, Colour, Var¬ 

nish, 1935, 8, 483. 
** 8. L. Karpeles, A. B. Portman and P. ThomasHot, Am. Ink Maker, 1936, 14 (5), 39; Brit. 

Chem. Abs., B, 1936, 702; Chem. Abs., 1937, 31, 4141; Rev. Paint, Colour, Varnish, 1936, 9, 242. 
P. Kluckow, Farben-Ztg., 1932, 38, 880; Chem. Abs., 1933, ZI, 855; Rev. Paint, Colour, Varnish, 
1933, 6, 3. 
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Preparation of cadmium yellow pigments in cellulose derivatives has 
been proposed.In one instance methylcellulose was incorporated in an 
aqueous solution of cadmium sulphate. Aqueous ammonium acid sul¬ 
phide was added to the mixture to precipitate cadmium sulphide and the 
whole then warmed to coagulate the methylcellulose. In this manner a 
dispersion of finely divided pigment in the cellulose ether was reported 
to be secured. 

Chrome Yellow. The lighter shades of chrome yellow, primrose and 
lemon, usually are made by coprecipitation of lead chromate and lead 
sulphate from an aqueous solution of lead nitrate or acetate. Medium 
chrome yellow contains lead chromate alone and is produced in the same 
manner as the primrose and lemon shades, except that no lead sulphate 
is present. The deeper, more orange shades contain mixtures of lead 
chromate and basic lead chromate, and the deepness of the shade depends 
on the basic salt content.-® Chrome yellows obtained by coprecipitation 
of lead and barium chromates were stated to be no more resistant to 
light than the pure lead salt.^^ 

Chrome yellow is a rather opaque coloring agent, with high specific 
gravity, soft grinding properties and low oil absorption.^® When used 
alone in planographic printing, chrome yellow shows some tendency to 
form a scum on the ])ress. This undesirable characteristic was said to be 
overcome by admixture of TIansa yellow with the chrome pigment. Also, 
.'<ince Ilansa yellow has high oil absorption powers, the quantity of 
vehicle required in preparing the ink was reported to be increased, 
(dirome yellow has been said to be fast to varnish oils, water, alcohol 
and hot ])araflin. However it is affected by alkali and soap, the color 
changing from yellow to red. 

A suggestion has been made that chrome yellows be given names which 
correspond more nearly to the shade of the pigment.-®^ One proposed 
classification was: 

% T.pad 
OKI Nanip New Name Sulfate Content 

Primrose Extra Light 50 
Lemon Light 11 
Light Medium 33 
Medium Dark None 

Zinc Yellow. Mixtures of hydrated zinc chromate and potassium 
chromate arc known as zinc yellow. The pigment usually is obtained by 
adding potassium chromate to a suspension of zinc oxide in zinc sulphate 

*A. Weiho, German P. 554.174. 1929, to I. G. Farbenind. A.-Q.; Chem. Abs., 1932 , 26, 5220. 

»’V. N. Shiilt*, F. P. Ivanovskii and V. A. Klevke, /. Chem. Ind. {Moucoxp). 1930, 7, 760; Chem. 
Abtt., 1932 , 26, 2331; Rev. Pawt, Colour, Varnish, 1931, 4, 4. Farbe u. I^ick, 1931. 36, 8; Rev. Pamt, 
Colour. Varttish, 1931, 4, 4. II. Wngnor, Pamt hfanuf., 1931, 1, 186; Rev. Paint, Colour, Varnish, 
1931, 4, 264. 

*^0. Draegor, Farhr u. Lack, 1932 , 37, 173, UW, 199; Brit. Chem. Ab.^. B, 1932. 561; Chem. .\b.s., 
1932, 26, 3122; Rev. Pamt, Colour, Varnish, 1932, 5, 116. 

«S. L. Knrpolofl, A. B. Portman and P. Thomasset, Am. Ink Maker, 1936, 14 ( 5), 39; Chem. 
Abs., 1937, 31, 4141; Brit. Chem. Abs. B, 1936, 702; Rev. Paint, Co/our, Vaniish, 1936, 9, 242. 

«• T. P. Brown, Am. Ink Maker, 1939, 17 (12), 23. 
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solution. Zinc yellow is reported not to darken on exposure, and to be 
unaffected by sulphides. However it is said to be somewhat difficult to 
work in inks. Also the yellow bleeds both in water and alcohol, which 
render it somewhat unsuited for printing that later may be exposed to 
these substances.^ 

Incorporation of pigments such as zinc yellow in oil vehicles may be 
somewhat difficult because of the water content of the coloring agent. 
To overcome this, it was suggested that the pigment be wetted with an 
alcohol or ketone that is miscible both with water and the oil vehicle.®^ 
Subsequently the wetted pigment may be dispersed in the vehicle, and 
the whole heated to 50-60° C. to remove the wetting agent. 

Iron Yellow is the name given to the yellow oxides of iron. Appar¬ 
ently these pigments have not found wide application in the printing-ink 
industry because of their dull color and poor working qualities. How¬ 
ever the pigments are resistant to light and non-bleeding. 

Ochre or ochery earth has been defined as a natural mineral pigment 
composed largely of clay permeated with hydrated iron (ferric oxide) 
The color of the pigment is regulated by the amount of impurities present. 
The varieties of ochre have been classed according to color as cream, 
gray white, golden, green, red and ochre. 

The yellow form of ochre is found principally in Spain. Italv and 
France. The crude material is washed to remove sand. The washed 
coloring agent then is levigated to separate the particles into fractions 
according to size. Use of ochre in printing ink generally is restricted to 
plate and stamping inks. In these instances the natural pigment fre¬ 
quently is fortified by incorporation of a chrome yellow or yellow lake.'^’'^ 

Ochre is insoluble in water, alcohol, varnish oils and dilute alkali.^’’^ 
However acids dissolve the iron oxide content of tlie pigments, leaving 
a residue of clay and impurities. 

The red varieties of ochre‘s, called siennas, are produced to a great 
extent in Italy. In composition sienna is very similar to ochre, the red 
hue of the former being caused by presence of small amounts of anhy¬ 
drous red iron oxides and manganese compounds in the pigment.^** In 
some instances siennas are calcined to yield burnt sienna. In this process 
the hydrated iron oxides are converted to anhydrous red iron oxide. 
Thus a more o|)aque and richer pigment is secured.*® 

Natural and burnt siennas are insoluble in water, varnish oils, alcohol 
and dilute alkalies. However acids act upon these coloring agents in the 

R. Srhwnr7, Fnrf>r u. Lark. 1934. 39, 342: Rrv. Paint. Cninur, V(irn,sh, 1934, 7, 263. 

^British P. 207,27.'S. 1922, to PlaiL'^on's (Pfirmt Co.l Ltd.; Brit. Chrm. Abn. B, 1924, 103; Chrm. 
Ah^., 1924. 18, 1209. Cf. n. nad^rt. Paint Mannf., 1933, 3, 5; Chrm. Ah^.. 1933, 27, 1526. 

R. M. .Srinfrnyfr*^, Bur. of Mivm. 1929, Cirr. No 6132; Chmi. Ah^.. 1029. 23, .3819 
H. N. Morri.i, Brit. Pfarticx, 1030, 1; Rynttu tir and Applied Flni.'<hrn, 1930, 1, 4; Rrv. Paint. 

Colour, V ami Ah. 1930, 3, 197. 
** K. »S. OrriKov, Peinturex, pifjmentn, vernix, 19.3.5, 12, 212; Chem. Ahx., 1938, 30, 2777. 
«H. R. Tuffs. Dmox. Oifx and Paintx. 1920. 36, 144; Chem. Ahx., 1920, 14, 8802, 

* J. D. John.9on, Chem. Age (London), 1935, 32, 298. 
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same manner as upon ochre, dissolving out the iron and leaving a residue 
of clay. Both types of sienna are employed in plate and stamping inks. 

Umber is a brown species of ochre, the brown hue being caused by 
presence of manganese oxides in the pigment.^® The earth is mined and 
prepared for utilization as pigment by washing and grinding. Burnt 
umber is produced by calcining the natural material. In this manner a 
deeper and riclier shade of brown pigment is stated to be secured. 

Umbers are resistant to alcohol, water, varnish oil and dilute alkalies. 
However acids act upon these coloring agents to dissolve out the iron. 

Employment of umbers in printing inks has been most extensive in 
the field of plate and stamping inks. Also the brown pigments are used 
in finer grades of ink to produce permanent brown tints.^^ 

Blue, the badge of sincerity, is characteristic of calmness and expan- 
sivencss, and can be employed in various shades to represent moods rang¬ 
ing from peacefulness and sincerity to reverence and solemnity. Inorganic 
blues comprise one of the most important groups of pigments utilized in 
the manufacture of printing inks both because of their inexpensiveness 
and the wide range of pigments with which they can be mixed. 

Iron Blue. The pigments known as Bronze, Milori, Chinese and 
Prussian blue are species of iron ferric ferrocyanide and all are included 
under the generic name, iron blue. These blues are secured by adding 
an aqueous solution of potassium or sodium ferrocyanide to an aqueous 
solution of ferrous sulphate.®® Also use of ferric chloride in place of 
ferrous sulphate has been proposed.®® During adjunction of the ferro¬ 
cyanide the temperature of the sulphate or chloride solution is main¬ 
tained at 20-40^^ C. when Prussian blue is desired. In this manner a light 
blue precipitate of ferrous ferrocyanide is formed. To convert the latter 
to ferric ferrocyanide, the whole then is heated for several hours with 
hydrochloric or sulphuric acid and sodium bichromate or chlorate.^® The 
duration of the latter operation depends upon the shade of blue desired. 
When oxidation is complete the pigment is washed, filter-pressed and 
dried. In instances where sodium ferrocyanide is used to precipitate the 
ferrous ferrocyanide, ammonium sulphate or ammonium chloride is added 
to the ferrous sulphate or chloride solution. The ammonium salt is said 
to aid in brightening and strengthening the final color of the pigment. 
Alteration of the acidity, concentrations, temperature, and time of oxi¬ 
dation cause variations in the shade of iron blue secured. A flow sheet 

R. M. Santmvers, Bur. of Mines, 1931, Informatioti Circ. 6504; Chem. Abs., 1931, 25, 5778. 
F. Richter, Farbc u. Lack, 1931, 305; Chem. Abs., 1931, 25, 4721. 

” For discussion of chemical nnd microscopic examination of umbers, see H. Wagner aiul G. lIofT- 
mann, Veroffenthchungen dee Fachausschussess fiir Anstrichtechnik, 1931, No. 8, 28; Farben-Ztg., 
1931, 36 ( 33), 1470; Rev. Paint, Colour, Varnish, 1931, 4, 114. 

W. van Hoogstraaien, Farbe u. Lack, 1930, 35, 209, 223; Rev. Paint, Colour, Varnish, 1930 , 3, 94. 
Farbe u. iMck, 1930, 35, 232 . 244; Chem. .\bs„ 1930, 24, 3659. 

*»0. Zerr, Farbe u. Lack, 1933, 38, 533, 544; Brit. Chem. Abs. B, 1934 , 71; Chem. Abs., 1934, 
28, 915; Rev. Paint, Colour, Varnish, 1933, 6, 291. 

«»D. Davidson, J. Chem. Education, 1937, 14, 277; Chem. Abs., 1937, 31, 5290; Brit. Chem. 
Abs. A (1), 1937, 422; Rev. Paint, Colour, Varnish, 1937, 10, 318. 
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which indicates the shades of blue secured by variations in the manufac¬ 
turing procedure is shown in Figure SSA.**®* It is interesting to note that in 

this instance the iron blue pigments have been designated by the shade 
characteristics as well as by the names usually associated with these color¬ 
ing agents. This was stated to be a step toward clarification of nomen¬ 
clature for these compounds. 

Na4Fe(CN)e • 10H*O (NH4)aS04 FPSO4 • 711*0 
Sixliuni Ferrocyanide Ammonnun Sulphate Fprroiw Sulphate 

1 
Digest 

at boiling point 

Oxidize hot 

Wash 

Green tone 
ink blue 

(Milori blue) 

Fe(Nn4)-..Fe(CN)., 

Berlin White 

I 
Add 

Sulphuric Aciil 

i 
Digest 

at 170-200^ F. 

Oxidi/e hot 

Wash 

Jet-green 
blue 

(Chinese blue) 

i 
Digest 
Cohl 

Wash by 
decantation 

Oxiilize 

Jet-red 
blue 

(Prussian blue) 

i 
Digest 
cohl 

Wash by 
decantation 

Oxidize and 
add aqua 
ammonia 

Red tone 
ink blue 

(French blue) 

Courtesy American Ink Maker 

Figure 33A. Manufacturing Flow Sheet for the Four Common Iron Blues 
(T. P. Brown). 

The iron blues are characterized by marked tinctorial strength, 
resistance to light, metallic sheen on printing, and stability in water, 
alcohol, oil vehicles, hot paraffin and weak acids."*^ However, alkalies 

of any concentration destroy the color, as do strong acids. Iron blues 
generally are resistant to baking temperatures of approximately 250° F., 
though there may be some change in shade, but are destroyed at some¬ 
what higher temperatures. Also, the ferric ferrocyanides arc crystalline 
in nature, and for this reason may be somewhat difficult to grind. 

^ T. P. Brown, Am, Ink Maker, 1939, 17 (12). 23. 
"See Farben-Ztg„ 1933, 38, 1781; 1934, 39, 14; Rev. Paint, Colour, Vamith, 1934, 7, 1, 69. 
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To secure dispersion of iron blues, it has been suggested that the pig¬ 
ment be admixed with water-wet cellulose nitrate and water.'*^ The 
whole then was agitated while adding an aqueous emulsion of castor oil 
and triethanolamine oleatc. When the mixture was homogeneous, citric 
acid was incorporated to break the emulsion. Filtration of the resulting 
mass was reported to give a fine dispersion of pigment in the cellulose 
derivative. In place of triethanolamine oleate, substances such as soya 
lecithin, sodium oleate or ricinoleate, glyceryl oleate or glycol stearate 
may be employed. 

Removal of the reddish cast from iron blues was stated to be effected 
by incorporating 1-10 parts of zinc oxide and 40 parts of blowm castor 
oil in 100 parts of the iron blue.'*^ 

Ultramarine Blue. Mixtures of finely ground soda ash or sodium 
sulphate with clay, sulphur and carbon are calcined in closed crucibles 
out of contact with air to furnish the pigment known as ultramarine 
blue.'*'* Three principal species of blue are secured by employment of 
different concentrations of raw materials: 

(1) Sulphate ultramarines, prepared from sodium sulphate and alum. 
(2) Soda ultramarines of somewhat high silica and sulphur content. 

The shades secured range from a rich, true blue to violet, and 
the pigment is characterized by fairly high resistance to alum. 

(3) Soda ultramarines of relatively low silica and sulphur content. 
These possess a bright color and arc the pigments usually pre¬ 
ferred for printing inks. Because of the relatively small per¬ 
centage of silica these pigments have better working qualities than 
the other ultramarines.'*® 

Also, reduction of the amount of sulphur present in the pigment tends 
to render it less corrosive to metal surfaces. This is important, particu¬ 
larly in intaglio printing from copper plates.'*® 

Ultramarine blues arc stated to have a low tinting strength. How¬ 
ever, it was pointed out that the method of grinding the pigment into a 
vehicle has a direct bearing upon this propertyDifferences in tinting 
strength of as much as 30 per cent have been reported between inks in 
which the blue was rubbed slowly into the vehicle and those in which the 
incorporation was accomplished by vigorous grinding. Also, ultramarine 
blue is said to be light-resistant. Although it may become slightly duller 
and redder upon exposure, apparently it does not fade appreciably for 
some time. The blue is insoluble in water, varnish oil, alcohol, hot 

** R. T. Hucks and G. R. ^^nher, U. S. P. 2,114,713, April 19, 1938, to E. I. duPont de Nemours 
A Co.; Chem. Abs., 1938, 32, 4806; Am. Ink Maker, 1938, 16 (6), 41; Rev. Paint, Colour, Varnish, 
1938, 11, 260. 

R. T. Hucks, U. S. P. 2,118,.Ml, May 24, 1938, to E. I. duPont de Nemours & Co.; Chem. Abs., 
1938, 32, 5648. 

8. L. Karpeles, A. B. Portinan an<l P. Thomasset, Am. Ink Maker, 1936, 14 (5), 39; Brit. Chem. 
Abs. B, 1936, 702; Chem. Abs., 1937, 31, 4141; Rev. Paint, Colour, Varnish, 1936, 9, 242. 

"See, for example, Paint Exp., 1930, 3, 40; Rev. Paint, Colour, VamUh, 1930, 3, 1. 
" Farbc u. Lack, 1937, 163; Rev. Paint, Colour, Varnish, 1937, 10, 173. 

H. Muck, Farbe u. Lack, 1930, 35, 591; Rev. Paint, Colour, Varnish, 1931, 4, 5. 
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paraffin and is unaffected by mild alkalies. The resistance of ultra- 
marine blue to action of alkalies has been utilized in preparation of inks 
which must be alkali-proof. Because of its relative coarseness, it is 
usually admixed with other blue pigments. 

Green, nature’s favorite dress, is a particularly efficient color for 
creating an atmosphere of coolness and tranquility. Light greens give a 
refreshing effect and dark greens a quiet, restful, retiring effect to printed 
pieces. In the class of inorganic pigments, two types of green pigment 
usually are utilized, chrome green and hydrated chromium oxide. 

Chrome Green, or Milori Green is secured by precipitation of lead 
chromate upon iron blue.^^ Iron blue and lead acetate or nitrate are 
admixed, and an aqueous solution of sodium bichromate and alum is 
incorporated, with constant stirring. When precipitation is complete 
a small proportion of tartaric acid is incorporated in the pigment. The 
latter step is reported to brighten the shade of the pigment and to reduce 
the tendency of the green to float to the surface when ground in oil.^® 

Chrome greens are resistant to action of light and do not bleed in 
lithographic varnish, water, alcohol, or hot paraffin wax. Also, there 
apparently is only a very slight change in shade of these pigments on 
baking at 250® F. for 0.5 hour. However, chrome greens are attacked by 
aqueous alkali, being converted to a brown color by this treatment. 

Because of the presence of iron blue in chrome greens, the latter tend 
to be reduced by lithographic varnish, if the two are kept in contact for 
a short period. For this reason, chrome greens cannot be used in prepa¬ 
ration of standard inks that are to be kept for any length of time. In 
some instances the iron blue may be reoxidized on printing, returning to 
its original shade. However, if loss of color of chrome green is caused 
by utilization of alkali extenders, no reversion of color can be securccl 
by printing.®^ 

Dispersion of pigments such as chrome green in inks was said to be 
aided by materials that are miscible in water and oil.'''*^ The precipitated 
pigment, after being washed and filter-pressed, was wetted with a small 
proportion of acetone or pyridine. Subsequent incorporation in an oil 
vehicle was stated to be facilitated in this manner. Also, the use of sul¬ 
phite waste liquor as dispersion agent for pigments has been sug¬ 
gested. The pigment and sulphite liquor are ground together and then 
run into a colloid mill that has oppositely rotating surfaces. Reduction 

^ E. R. Allen, Official Digat, Federation Paint Varnish Production Clubs, 1931, No. 104, 400; 
1934, No, 138, 235; Rev. Paint, Colour, Varnish, 1931, 4, 108; Chem. Aba., 1934, 28, 7558; Brit. Chem. 
Aba. B, 1934, 1069. R. M. R^sd, Official Digeat, Fedcraticm Paint <fc Vamith Production Clubs, 1934, 
No. 138, 245; Brit. Chem. Ab$. B, 1934, 1009; Chem. Aba., 1034, 28, 7558. 

^O. Zerr, Farbe u. Lack, 193^ 29; Rev. Paint, Colour, Vamiah, 1933, 6, 100. For use of ball 
mills in preparing pigments, see n. E. Wennstrdm and C. P. Harris, Amer. Paint J., 1928, 12 ( 25), 
16; Rev. Peunt, Colour, Vamiah, 1928, 1, 87. 

■<*8. L. Karpclcs, A. B. Portman and P. Thomasset, Am. Ink Maker, 1036, 14 (5), 89; Chem. 
Aba., 1937, 31, 4141; Brit. Chem. Aba. B, 1930, 702; Rev. Paint, Colour, Vamiah, 1936, 9, 242. 

nE. C. DeStubner, Britbh P. 2n,940, 1926; Brit. Chem. Aba. B, 1929, 365; Chem. Aba., 1928, 
22, 2672. 

•^Sulphite waste liquor is the ac^ueous residue from treatment of wood chips with aqueous eolu* 
tiona of sulphurous acid and ealeium acid sulphite to prepare paper pulp. See E. R. Riegel, 
^'Industrial Chemistry,'' New York, Reinhold Publishing Corp., 1937. 
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of particle size of the pigments from 5-10 microns to 0.5 micron was said 
to be secured in this way. 

Hydrated Chromium OxidCy or emerald green, is made by fusion of 
potassium dichromate and boric acid at relatively high temperatures.*’^*^ 
The product, hydrated chromium oxide, usually contains some oxides of 
boron. Removal of the latter is said to increase the brightness and fresh¬ 
ness of the pigment. In place of boric acid, arsenious acid and phos¬ 
phoric acid have been proposed. Utilization of the arsenic compound is 
stated to lead to a dull pigment, and phosphoric acid gives a green which 
is water-soluble. 

Greens prepared with boric acid arc resistant to light and do not 
bleed in aqueous alkali, varnish, water, alcohol, or hot paraffin wax.^^ 
However, they are affected by baking at 250° F. for 0.5 hour, and also 
are somewhat difficult to grind. 

White, symbol of purity and cleanliness, is admirably suited for 
printing on colored surfaces. Employed in conjunction with colored 
backgrounds, it gives a sharpness to the printed page that scarcely can 
be matched by other pigment combinations. In printing inks the white 
pigments commonly employed arc titanium dioxide, lithopone, white lead 
and zinc white. 

Titanium Dioxide. One of the most abundant of the titanium- 
containing ores is stated to be ilmcnite, which is found in the United 
States, Russia, Norway, Canada and India.*'^^ This ore, which contains 
large proportions of TiOo. FeO, generally is utilized in preparing titanium 
dioxide, the base of all titanium pigments. The ore first is treated with 
concentrated sulphuric acid to convert iron and titanium to sulphates. 
The acid is withdrawn and the solid portion which remains is leached 
with water to dissolve the water-soluble titanium and iron sulphates. 
Since some of the iron usually is present as ferric sulphate, the latter 
is reduced to ferrous sulphate by addition of metallic iron or zinc. The 
solution subsequently is concentrated by warming, then cooled to 5° C. 
to effect precipitation of ferrous sulphate. The iron salt is removed by 
filtration or centrifuging and the remaining solution boiled to bring about 
hydrolysis of titanium sulphate to hydrated titanium oxide (Ti02-2Ho0). 
The latter is calcined to remove water, leaving the anhydrous oxide 
(Ti02) which is the form employed in pigments. 

The popularity of titanium dioxide as a pigment has been stated to 
result principally from the high opacity and chemical inertness of this 
substance.^^^ Also, resistance to change at elevated temperatures, perma- 

V. N. Shul’U, Yu. P. Nikol’skaya ami L. F. Pen’kova, /. Chem. Ind. {U.S.S.R.), 1929, 6, 1412; 
Chem. Abs., 1931, 25, 830; Brit. Chem. Abs. B, 1931, 403; Rev. Paint, Colour, VamUh, 1931, 4, 113. 

Am. Ink Maker, 1934, 12 (5), 23; Rev. Paint, Colour, Varnish, 1934, 7, 194. 
w Q. Lovati, Oil Colour Trades /., 1932, 81, 401; Rev. Paint, Colour, Varnish, 1932, 5, 3. 
M13, \v, Robertson, Am. Ink Maker, 1936, 14 (11), 18; Bnt. Chem. Abs. B, 1937, 157; Chem. 

Abs., 1937 , 31, 1232; Rev. Paint, Colour, Varnish, 1936, 9, 377. St'e also N. Heaton, Paint Varnish 
Production Mar., 1930, 36 (1), 28; Chem, Abs., 1930 . 24, 513 , 3386; Rev. Paint, Colour, Varnish, 
1930, 3, 141. R. M. Bates, Am. Ink Maker, 1937, 15 (6), 25; Chem. .Abs., 1937, 31, 5184; Rev. Paint, 
Colour, Varnish, 1937, 10, 259. 
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nence of color in light and resistance to acids and alkalies were said to 
contribute to the value of titanium dioxide in inks. 

The refractive index of titanium dioxide lies between 2.5 and 2.9, and 
this property is reflected in the high tinting strength of the oxide. Com¬ 
parison of tinting strengths of various white pigments for a specific 
method of test®"^ is indicated in Table 19. The values obtained were 

Table 19.—^Tinting Strength of Pigments. 

Relative Tinting 
Pigment Strength 

Titanium dioxide 1200 
Zinc oxide, American process 170 
Lithopone 270 
Zinc sulphide 630 
Titanium barium pigment (30%) 430 
Titanated lithopone 445 
Double-strength lithopone 425 

stated to furnish an index of the opacity of the pigments in linseed oil, 
and to be related directly to hiding power. In this manner, rapid evalu¬ 
ation of obscuring power of pigments was reported to be possible without 
employment of hiding power tests by brushout methods.®® 

The chemical inertness of titanium dioxide is indicated by its insolu¬ 
bility in water, varnish oils, alcohol, and hot paraffin, its failure to react 
with vehicles or other pigments used in preparation of printing inks, and 
its fastness to light. Because of these properties and since it is a hydro¬ 
philic, polar solid, the ease of wetting and degree of dispersion of titanium 
dioxide were said to be determined by certain specific vehicle character¬ 
istics, independent of chemical reaction. Some white pigments, particu¬ 
larly zinc oxide, have been reported to be wetted and dispersed by chem¬ 
ical action as well as by the mechanical forces introduced in mixing and 
grinding operations. In the case of titanium dioxide, wetting and dis¬ 
persion must be accomplished through the physical affinity of the oxide 
for liquids.®® 

Wetting of titanium dioxide was said to be dependent upon tlie 
polarity of the liquid wetting agent.®® In general, wetting and dispersi¬ 
bility are increased by the presence of polar compounds in the dispersing 
medium. Thus, in an oil or varnish, the acidic compounds developed 
from heating an oil such as linseed become relatively important to dis¬ 
persion. As the acid number of the oil increases, wetting and dispersion 

WC. E. Reynolds, Am. Ink Maker, 103<J, 14 (11), 21 has described a constant volunio method of 
tmting Btren^h determination. This method was employed in the above tests. 

■*8ee, for example, A. E. Jacobsen and C. E. Reynolds, Ind. Eng, Chem., Anal. Ed., 1934 , 6, 893; 
Chem. Abu., 1985, 29, 4954; Brit. Chem. Aba. B, 1985, 89; cf. E. A. Becker, Angew. Chem., 1938, 
51, hS; Farbe u. Lack, 1938, 807; Farben-Ztg., 1938, 43, (27), 728; Rev. Paint, Colour, Vamiah, 
2938, 11, 253. 

**E. Sauer and W. Qussmann, Kolloid-Z., 1938. 82, 253; Chem. Aba., 1938, 32, 4380. M. Doniger, 
OMeied Digeat, Federation Paint dt Varniah Production Cluba, 1931, lOT, 548; Rev, Paint, Colour, 
Vamiah, 1981, 4, 323. 

«*L. W. Ryan, W. D. Harkina and D. M. Qana, Ind. Eng. Chem., 1932, 24» 1288; Chem. Aba., 
1938, 27, to; Brit. Chem. Aba. B, 1983, 29. 
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of titanium dioxide were said to be improved. However, the proportion 
of veiiicle required to wet the pigment is comparatively small in relation 
to the entire vehicle, and further, wetting action was said to be selective 
with reference to the mixed components of the vehicle. For these reasons 
it was stated that an increase of the acid number of the linseed oil above 
6 or 6 produced no further wetting beyond that obtained with oils having 
an acid number which approached these values. 

In some instances, the acid number of the varnish oil is fixed at a 
low value, and heat-processing does not result in increased acid number. 
One such substance is tung oil. To secure good wetting and dispersion 
with the latter, fatty acids or their soaps have been suggested. Among 
those which have been reported effective were zinc oleate, zinc naphthe- 
natc, lead soaps, sulphonated oils, aluminum stearate,®^ tannic or gallo- 
tannic acid,®- polycyclic alcohols (e.g., cholesterol), fatty acid esters or 
amino-acids.®*^ When aliphatic alcohols are employed as vehicle, sug¬ 
gested dispersing agents include halides of aluminum, cerium, iron, thal¬ 
lium, thorium, titanium or zirconium.®^ 

The oil absorption of titanium dioxide has been stated to be about 
18-28 pounds of oil per 100 pounds of pigment,®^ using the paste method 
of determining this value.®® Low oil absorption types of titanium dioxide 
were stated to be somewhat more difficult to disperse than medium oil 
absorption grades. Although the difference in dispersion may not be 
noticeable in comparing two individual samples, it was said generally to 
be true, since low absorption types contain larger and more compact 
aggregates than do pigments which show a medium oil absorption. In 
some instances where it is possible to sacrifice hiding power because of 
decreased pigment concentration, dispersibility may be increased by 
utilization of titanium dioxide which shows medium oil absorption. 

Composite titanium pigments marketed as '‘Titanox B,’’ '‘Titanox C,” 
“Ti-Bar'" and '‘Ti-Car’ are blends of titanium oxide and an inert white 
extender. In preparing these blended pigments, the hydrated titanium 
oxide is precipitated as described in preparation of titanium dioxide, 
except tiiat the oxide is precipitated on a base of barium or calcium sul¬ 
phate. Subsequent calcination serves to remove water and to cement 
the pigment and extender. The final product comprises an inner core of 
extender surrounded by an outer shell of titanium oxide. ‘‘Titanox B,^’ 
or ‘Ti-Bar,’^ contains 25 per cent titanium oxide and 75 per cent barium 

Frcncli P. 823,589, 1938, tn Hutish Titnn Protlucts Co., Ltd.; Chem. Zentr., 1933, 109 (1). 4115; 
Rev. Paint, Colour, Varntsh, 1938, 11, 294. 

‘“British P. 483,694, 1938, to British Titan Products Co., Lttl.; Chem. Abs., 1938, 32, 77SZ' Rev. 
Paint, Colour, Vamnh, 1938, 11, 259; Bnt. Chem. Ab.^. B, 1938, 1454. W. W. Plechnor and J. M. 
Jamuis, Frcncli P. 828,698, 1938, to Titan Co., Inc.; Chem. Aba., 1939 , 33, 417. 

Briti.sh P. 471,827, 1938, to British Titan Products Co., Ltd.; Chem. Abs., 1938, 32, 1364. 
Polish P. 25,489, 1938; Chem. Zentr., 1938, 109 (1), 4115; Rev. Paint, Colour, Varni.^h, 1938, 11, 294. 

W. K. Nelson, French P. 828,699, 1938, to Titan Co., Inc.; Chem. Abs., 1939 , 33, 417. 
D. W. Robertson, Am. Ink Maker, 1936, 14 (11), 18; Brit. Chem. Aba. B, 1937, 157; Chem. 

Aba., 1937, 31, 1232; Rev. Paint, Colour, Vamiah, 1936, 9, 377. 
^A. S. T. M. D. 281-31: A. S. T. M. Standards, American Society for Testing Materials. Phila¬ 

delphia. 1933. 
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sulphate, while ^Titanox C,” or “Ti-Cal,'^ consists of 30 per cent of the 
oxide and 70 per cent calcium sulphate. 

It is interesting to note that titanium oxide has been suggested as a 
component of black inks. The oxide, on being treated with an azo dye, 
was said to form a black pigment which was easily obliterated.®^ The 
latter was proposed for newspaper printing. 

Lithopone is formed when aqueous solutions of zinc sulphate and 
barium sulphide are admixed. A double decomposition takes i)lace, 
resulting in formation of a precipitate of zinc sulphide and barium 
sulphate. 

ZnS04 + BaS-> ZnS + BaS04 

The coprecipitate thus secured is not applicable as a pigment, but is 
dried, then heated to a dull red glow and suddenly plunged into water. 
The sudden change in temperature develops the opacity of the pigment. 

Ordinarily, lithopone contains 28-29 per cent zinc sulphide and 71-72 
per cent barium sulphate. Since the tinting strength of lithopone is 
related to the zinc sulphide content, lithopones have been made which 
contained 50-60 per cent zinc sulphide. 

Lithopone has a fairly good opacity and hiding power, and as a result, 
good tinting strength. It is insoluble in water, varnish oil, alcohol, and 
hot paraffin, and resistant to alkalies. However, dilute acids (icstroy the 
pigment, with evolution of hydrogen sulphide. With most vehicles litho¬ 
pone is easily wetted, and produces inks of good whiteness and opacity. 
It dries with a half-luster which makes it peculiarly suited to over¬ 
printing.®^ A somewhat higher luster was stated to be imparted to litho¬ 
pone when it was admixed with a small proportion of glue, gelatin or 
casein before being ground into the vehicle,®® 

In place of coalesced zinc sulphide-barium sulphate pigments such as 
lithopone, mechanically pre])ared mixtures of zinc sulphide and diflicultly 
water-soluble fluorine compounds have been suggested as pigments.’’^® 
These fluorine compounds have refractive indices less than 1.44, while 
extenders ordinarily used have refractive indices above this figure, as 
shown in Table 20. When employed in concentrations ranging from 60 
to 75 per cent by weight of the zinc sulphide, the fluorine compounds were 
reported to give to the composite pigment a greater hiding power than 
was secured with a 30-pcr cent lithopone. The increased liiding power 
was said to be related inversely to the refractive index of the extending 
agent. Extenders with lowest refractive index were saifl to furnish pig¬ 
ments of greatest hiding power. 

"7E. Wydler, Swiss P. 179.454. 1936; Chem Zmtr., 1936, 107 (2), 876; Chrm. Ahtt., 1936, 30, 8663; 
Rev. Paint, Colour, Vaminh, 1936 , 9, 299. 

•See, for example, Fnrhen-Zto., 1936, 41, 588; Rev. Paint, Cofnur, Varnish, 1936, 9, 241. C. Eck- 
mann. Farben-Chem., 1935, 6 (1), 15; Chem. Ab»., 1935, 29, 3535; Rrv. Paint, Colour, Varninh, 

1936, 8, 2. 

•K. S. Mowlds, U. 8. P. 2,134,198, Oct. 25, 1938, to Glidden Co.; Chem. Ahn., 1939, 33, 886. 

«J. B. Nichola, U. 8. P. 2,113,881, Aprfl 5, 1938, to E. I. duPont de Nemours & Co. 
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Table 20.—Refractive Indices of Extenders. 

Compound Rofractive Index 

Sellaite (MgFa) 1.382 

Villiaumito (NaF) 1.336 

Sodium silicofluoride (NaiiSiFo) 1299 

Chiolite (2NaF. AIF3) 1.347 

Cryolite (SNaF.AlFa) 1.364 

Blanc fixe (BaSOd 1.64 

Anhydrite (CaSO^) 1.586 

Aluminum hydrate 1.5-1.7 

Magne.sium hydroxide (Mg(OII)d 1.5 

Magnesium silicofluoride (MgSiFe. 6H2O) 1.349 

Parhnolite (NaF . CaFo. AIF3. JhO) 1.413 

Calcium fluoride (CaF;.) 1.434 

Magne sium carbonate (MgCOp 1.5-1.7 

To inrrcaj^o dispcrjsibility of lithopone, employment of substances 
insoluble in water but soluble in linseed oil have been proposed.Among 
such compounds were included metallic soaps and fatty acid esters of 
ethylene glycol. On the other hand, it was stated that water-soluble 
compounds such as hexamethylenetetramine may be utilized to aid in 
wetting litliopone.’^- 

The so-called '^photogc^nic proj^erty^’ of lithopone. that is, its tendency 
to darken on eximsurc to sunlight and to be rebleached on being placed 
in the dark, has been almost completely overcome by manufacturers. 
However, it is interesting to note the explanations offered for this phe¬ 
nomenon. Lithopones which liad been exposed to ultraviolet rays and 
then rebleached were observed to be more susceptible to darkening on 
exposure than samples that had not been exposed previouslyAlso, it 
was found that metals present in driers tended to increase the darkening 
(ff lithojKmc and that, in this case, rebleaching did not occur. From 
tliese results the conclusions were drawn that darkening of lithopone in 
ab.sence of driers occurred through reduction of zinc sulphide to metallic 
zinc and free sulphur and rebleaching through oxidation of metallic zinc 
to zinc oxide. Kedarktaiing of a bleached sample on exposure was 
thought to be caused by interaction of zinc oxide and free sulphur, as 
well as by decomposition of more zinc sulphide. Darkening of samples 
containing metal driers was explained on the basis of formation both of 
metallic zinc and a dark-colored sulphide of the metal. In the latter 
case, employment of a drier whose metallic constituent would form a 
light-colored sulphide' was suggested, to obviate formation of dark- 
colored compounds that could not be rcbleached. 

^ W. F. Mci.stor, U. S. P. Apiil .'i. 1938, to Unitotl Color t\ml PiRinont *, Chem. Abs., 
1938. 32, 4393. 

«n. Vollmnnn, Oormnn P. 568,693. 1927; Chem. Aba., 1933 , 27, 2829. 

TOJ. H.' Goi^horn nnd C. K. Blnck, Ind. Eng. Chem., 1929, 21, 348; Chem. Abs., 1920, 23, 5334; 
Brit. Chem. Abs. B, 1929. 443. 
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Addition to lithopone of materials which increase color-fastness of 
the pigment has been suggestedJ^ Among proposed agents for this pur¬ 
pose are titanium dioxide, magnesium oxide, tricalcium phosphate, cobalt 
sulphate or nickel sulphate. 

White Lead is the basic carbonate of lead and may be represented as 
PbCOs . Pb(OH)2. A number of processes are employed in manufacture 
of white lead, including the old Dutch process, the Carter process, the 
Matheson, or French, process and the Rawley process. 

The old Dutch process depends upon the action of acetic acid and 
carbon dioxide upon lead.*^^ Pure lead, cast in the form of perforated 
buckles, is placed together with dilute acetic acid (28-per cent) in 
earthenware pots which have a number of small holes in their sides above 
the level of the acid. The pots then are set upon a layer of tanbark 
employed to cover the planking. Stacking of alternate layers of tanbark 
and charged pots is continued until a tier of eight to ten layers of pots 
is secured. 

The spent tanbark liberates carbon dioxide and heat, the latter serv¬ 
ing to maintain the temperature at approximately 70® C. (158® F.). At 
this temperature the lead buckles are reacted upon by acetic acid, forming 
lead acetate, which is decomposed by carbon dioxide into basic lead car¬ 
bonate. After a period of three months, the pots are unpacked, and basic 
lead carbonate separated from unchanged lead by grinding. The latter 
then may be recast and used again. 

In the Carter Process,*^® melted lead is atomized with superheated 
steam, then rotated in large cylinders with dilute acetic acid and carbon 
dioxide for periods of about two weeks. In this manner, basic lead car¬ 
bonate is formed. 

Interaction of litharge (lead oxide, PbO) and acetic acid to yield 
basic lead acetate is the foundation of the Matheson, or French, Proc- 
ess.*^^ Carbon dioxide then is employed to convert the acetate to basic 
lead carbonate, white lead. 

The Rawley process consists of exposing a .suspension of atomized 
lead in water to warm air. By this means lead hydroxide is produced, 
and the latter then is treated with carbon dioxide to form white lead. 

White lead is insoluble in water, varnish oils, alcohols and hot paraf¬ 
fin. When employed in a bodied linseed oil, the pigment reacts with a 
portion of the fatty acids present, yielding lead linoleate and other soaps. 
The latter act as driers, eliminating the necessity of extraneous addition of 
these substances, except where extreme speed of drying is dcsin'd.*^® White 
lead inks possess the undesirable property of darkening on exposure to 

A. P. Polozov luul R. P. Govorova, Mem. Jnnt. Chem. Tech., Acad. Sri. Vkrniv. S.S.Ii., 1938, 
% 151; BHt. Chem. Abe. B, 1938, 1328; Chem Abe., 1938, 32, 9528. 

'^See, for example, J. B. Nealey, Chem, Met. Kncr » 1928, 35, 219; Chem. Abn , 1928. 22, 2069. 
"WJ. 8. Staudt, Ind. Eng. Chem., 1909, 1, 758; Chem. Abe., 1910, 4, 253. 

E. R. Ri^el, ''InduAtrial Chemiatry,” Reinhold PubliahinR Corp., New York. 1937. 

WA. W. Anderson, Paint, Oil d Cham. Rev., 1935, 97 (8), 42; Chem. Abt., 29, 4955. 
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hydrogen sulphide fumes or on mixing with some lithopones, ultramarine 
blue, cadmium yellows and reds, or vermilion. The lead pigment is 
heavy, opaque, and has good hiding power and is stated to be applicable 
for cover whites and glossine whites particularly.*^® Oil absorption val¬ 
ues for white lead lie in the range 7.9-15.8, which would place this pig¬ 
ment below zinc oxide, titanium oxide and lithopone in this respect.®^ 

Zinc White has been prepared by two processes, the French, or indi¬ 
rect, and the Weatherill, or direct, methods. In the former method the 
zinc ore first is reduced to zinc metal.®^ Since the temperature of reduction 
is higher than the boiling point of metallic zinc, the latter vaporizes as 
soon as it is formed. Effective separation of the latter from impurities is 
secured in this way. The zinc vapors then are burned to zinc oxide, or 
zinc white. The direct process comprises separation of the ore, or frank- 
linite from siliceous material with electromagnets, since the ore is mag¬ 
netic.®® The latter, which contains iron and manganese oxides in addition 
to zinc oxide, is burned together with coal. In this way, zinc oxide is 
reduced to zinc metal, vaporized and burned to zinc oxide by the air over 
the fire. 

Zinc white is a fairly heavy and very opaque pigment.®^ The fine par¬ 
ticle size of zinc white, the result of its formation as a vapor, gives to the 
oxide a relatively high oil absorption, the values ranging between 8.3 
and 27.®^ Also, as a consequence of particle size, zinc white has very good 
working properties. It is insoluble in water, alcohol, hot paraffin and 
varnish oils, and exhibits little tendency to react with linseed oil vehi¬ 
cles.®® Zinc oxide is unaffected by dilute aqueous alkali, but is readily 
dissolved by concentrated aqueous solutions of alkalies or acids. 

Employment of substances having a refractive index less than 1.44 as 
extending agents for zinc oxide has been suggested.®"^ Such mixtures were 
stated to have a greater hiding power than blends containing materials 
whose refractive index is above this value. Among the proposed extend¬ 
ers w^ere included sellaite, villiaumite, sodium silicofluoride, chiolite, 
cryolite, magnesium silicofluoride, pachnolite and calcium fluoride. 

«R. L. Hnllett, Proc. Am. Soc. Testing Materials, 19M, 26 (2), 538; Chem. Abs., 1927, 21. 1363. 
^ See H. A, Gardner, "Pliy.sicnl and Chemical Examination of Faints, Varnishes, Lacquers and 

Colors,” Institute of Paint and Varnisli Research, 1935. 

"^E. Klumpp, Farben-Zto., 1928, 33, 1044; Bnt. Chem. Abs. B, 1928, 164; Chem. Abs., 1928, 22, 
3790. 

«F. O. Case, Eng. Mining J., 1929. 128, 318; Chem. Abs., 1929, 23, 5115. F. Johannsen, Metall u. 
Erz., 1927, 24, 249; Chem. Zentr., 1927, 98 (2), 734; Chem. .Abs., 1928, 22, 4427. 

® R. O. Daniels, /. Oil Colour Chem. Assoc., 1928, 11, 277; Chem. Abs., 1929, 23, 242; Brit. 
Chem. Abs. B, 1928, 783. 

»*F. Schmid. Z. ongew. Chem., 1929, 42, 1101; Chem. Abs., 1930, 24, 1752; Brit. Chem. Abs. B, 
1930, 248. For a method of iletennininfj p.article fineness of xino white see H. J. Mueller, Rubber 
Age (N. Y.), 1938, 43, 363; Chem. Abs., 1938, 32, 9408. Oummi-Ztg., 1938, 52, 995; Brit. Chem. 
Abs. B, 1938, 1326. 

A. Gardner, J. R. Stewart and A. W. Van Heuckeroth, Am. Paint it Varnish Mfrs. Assoc. 
Ctre.. 1933. No. 444, 274; Chem. Abs., 1933, 27, 5992. E. L. Klumpp and H. Meier, Farben-Ztg., 
1931, 36, 2120; Chem. Abs., 1931, 25, 5999. A. FoiJon, AUgem. Oe/-u. Fett. Ztg., 1938, 35, 433; Brit. 
Chem. Abs. B, 1939 , 74. 

**K. Chartaius ami K. Kindscher, Farben-Ztg., 1931, 36, 780; Chem. Aba., 1931, 25, 2308; Brit. 
Chem. Abs. B, 1931, 356. 

J. B. Niehola, U. S. P. 2.113.380, April 5, 1938, to E. I. duPont de Nemours A Co.; Chem. Abs., 
1938, 32. 4868. 
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Metallic Pigments 

The silvery sheen of aluminum and the golden glint of bronze have 
made these materials particularly useful as pigmenting agents in print¬ 
ing inks employed in advertisements.®® In the case of aluminum, success¬ 
ful application of the metal in printing inks appears to depend upon the 
size of particles. It was reported that aluminum powder that would pass 
through a 1000-mesh screen would produce a fine, silvery surface on 
printing. 

The preparation of aluminum powder usually is effected by hammer¬ 
ing aluminum under mechanical stamps until the particles are small 
enough and thin enough to pass through a screen of 1000-mesh.®® During 
the stamping operation a lubricant is added to the metal to prevent weld¬ 
ing of the particles. Among materials suggested for this purpose are 
stearic acid, tallow, olive oil and rape oil. After the stamping and sift¬ 
ing operations, the aluminum powder usually is polislied by brushing. 

The ability of aluminum powder to cover a surface was called the 
covering area on water.®® This value, usually expressed in square centi¬ 
meters per gram of aluminum, is analogous to the covering power of 
paint. Covering areas on water secured for aluminum powder were 
stated to indicate that well-worked powder films arc one flake thick. 

The hiding power of aluminum. ]>articularly among those grades 
which pass through a 1000-mesh screen, has been stated to be high enough 
to permit obtaining clear, distinct prints on almost all types of back¬ 
ground. Opacity to light, which is somewhat related to hiding power, 
also is high especially in the finely divided metallic pigments.®^ 

Printing inks containing aluminum pigments usually employ vcdiicles 
similar to those for other coloring agents. Thus, bodied linseed oil may 
be utilized as dispersing agent, though China Wood oil or perilla oil 
generally are recommended.®- Manganese or cobalt driers together with 
gums, resins and rosin oil also are included in the ink. The nietallic pig¬ 
ment, which comprises 20-40 per cent by weight of the printing ink, is 
mixed with the ink with a knife or spatula, and is not ground in like 
other coloring agents. Apparently the ink has its maximum color 
strength when the metallic pigment is admixed with the base just before 
the printing operation.®® 

Handling of aluminum printing inks on presses requires some special 
precautions. Because of the tendency of aluminum powder to ball up on 
rolls, it has been suggested that the ink be transferred from fountain to 

•See, for example, Witcomhings, 1937, Drrpmbor. 

•J. D. Edward.^, “Aluminum Paint and Powder,” New York, Reinhold Puhlishiritf Corp., 1933. 
• J. D. PkJwardfl and R. B. Ma'^on, JnH, Eng. Chem., Anal. Ed., 1934 , 6, 1.^9; lirit. Cficm, Abs. B, 

1934 , 630; Chem. Abs., 1934 , 28. 3918. 
•See J. H. Meyer, Am. Ink Maker, 1931, 9 (7). 21; Chem. Abs., 1931, 25, .V,S2. 

•F. C. Arthur, Am. Ink Maker, 1936, 14 ( 6), 23; Chem. Ahn., 1936, 30, 5818; lirit. Chem. Abs. B, 
1936, 751; Rev. Paint, Colour, Varnish, 1936 , 9, 241. 

•See Paint, Colour, Varnish, Ink, Lacquer Manufacture, 1031, 1 (8), 215; Rev. Paint, Colour, 
Vamish, 1931, 4, 287. 
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type with a minimum of rolling and transferring. This may be accom¬ 
plished by utilization of a small number of rollers, in contrast with non- 
metallic inks, where the largest number of rollers possible is employed 
to spread the ink out to a very thin film. Also since aluminum inks 
tend to pile up on rollers and plates, more frequent wash-ups may be 
necessary with this type of ink than with non-metallic coloring agents. 

Alloys of copper with other metals, known as bronze or bronze pow¬ 
ders, are atomized in much the same manner as aluminum powder.®^ 
The alloy first is hammered until particles small enough to be utilized in 
the printing process arc secured. These particles are sifted and polished, 
the latter operation being effected by brushing or by heating. 

Extendf:rs 

Extenders are solid substances that are employed in printing inks to 
reduce the price of the finished ink. The extending agent has no coloring 
or hiding power, but if employed in small proportions together with a 
pigment will serve to increase the area covered per unit weight of pig¬ 
ment. Among natural materials, barytes, whiting and china clay are 
used as extenders, while the manufactured extending agents include 
alumina hydrate, blanc fixe, gloss white and magnesium carbonate. 

Baryte, or natural barium sulphate, is found in many parts of the 
world as the mineral, barite or hea\wspar. The preparation of the min¬ 
eral for employment as extending agent is effected by grinding the hard, 
brittle raw material to a coarse powder. The latter then is ground to a 
])asle wifh water, and tlie paste diluted with a further quantity of water. 
The wetted or levigated extender is placed in a settling tank where the 
coarse particles settle out. The finer particles, which are held in sus¬ 
pension in the water, arc conducted to a second tank where they are 
allowed to settle from the water. The latter is withdrawn, and the finely 
divided baryte removed and dried. 

Baryte extenders contain 98.7-99.45 per cent barium sulphate, and 
traces of silica, iron oxide, aluminum and calcium oxides. The specific 
gravity is high, usually in the range 4.37-4.46, but oil absorption is rela¬ 
tively low, between 7.4 and 8.0. Barytes have been utilized as extenders 
in plate and stamping inks. Usually this material is employed in rela¬ 
tively small proportions because of its tendency to cause wearing or 
abrasion on the inking plates and dies. 

Prolonged grinding of baryte has been stated to yield an extender 
whose particle size is approximately equal to that of precipitated blanc 
fixe.®* However, the structure of individual particles of the two sub¬ 
stances is quite different. Blanc fixe is composed of clumps of very fine 

^ D. A. Both, Am. Ivk MoUvr, 1935, 13 (8). 15: Iml. Finifhmq, 1935, 11 (9), 9, 46: Chrvi. 
1935, 29, 6442; Ifrv. Pnwt, Colour, Varui/^h. 1935. 8, 373. E. Keller, Paptcr~Ztg., 1937, 62, 1632: Rev. 
Paint, Colour, Varnish, 1938, 11, 109. W. UanRc, Kartonno<7r«-u, Pnpienoarcn-Ztff., 1936, 40, 461; 
Parben-Chem., 1936, 7, 420; Rev. Paint, Colour, Varnish, 1936, 9, 377. K J. Rhodes, Brit. Pnnt., 
1936, 49, (291), 109: Rrv. Paint, Colour, Varnish, 1936, 9, 377. 

H. WeRncr, Farben-Zt^., 1938, 43, 361; Chem. .ibs., 1938 , 32, 8802. 
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crystallites with a large internal surface. On the other hand, particles 
of finely-divided baryte are small compact objects. The latter were 
said to exhibit low oil absorption and to have good covering power. 

Whiting or Paris White usually is prepared from naturally occurring 
limestone or calcium carbonate deposits such as those on the southern 
shores of England, The raw material is worked up in the same manner 
as are barytes. The most finely divided particles are used for printing 
inks. The specific gravity of whiting extenders is in the range 2.63-2.83, 
and the oil absorption value lies between 12.1 and 19.0. 

Utilization of natural whiting generally has been restricted to plate 
and stamping inks, since it has a tendency to cake and pile up on the 
forms employed in typographic printing.^® However, calcium carbonate 
in colloidal form has been reported, and it was stated that this material 
could be utilized in printing inks and screen process inks.®^ 

China clay or kaolin is a fine white amorplious material that consists 
of hydrated aluminum silicate together with smaller proportions of 
quartz, mica, and feldspar.®® The crude clay, which is found principally 
in England and the United States, is washed (with a stream of water) 
through a number of connected wooden troughs in which the coarser 
particles are separated from the finer material. The latter, which 
remains in suspension in the water during passage through the troughs 
is conducted to tanks when the fine clay is allowed to settle out. 

In a few cases, specially processed china clays with particle size of 
colloidal dimensions have been utilized as extenders in some types of 
inks.®® Kaolin has a fairly high oil absorption, the values being in the 
range 20.5-46.8, However, inks in which a fairly high proportion of the 
clay w’as employed were said to dry with a somewhat poor finish. Also, 
china clays apparently show some tendency to cake on plates and forms. 
Because of this property and its abrasive action, utilization of this 
extending agent in printing inks has been limited to some extent. 

Alumina hydrate, or aluminum hydrate, has found acceptance as 
extending agent in almost all grades of printing inks. The hydrate is 
prepared by slowly adding an aqueous solution of sodium carbonate to a 
solution of aluminum sulphate in water.^®® Alumina hydrate is formed 

••A. B. Searle, Paint Manuf., 1937 , 7 (0), 188: Brit. Chem. Abs. B, 1937 , 944; Chem. Ab»., 1937, 
31, COM; Rev. Paint, Colour, Vami$h, 1937, 10, M8. 

Am. Ink Maker, 1938, 16 (13). 41. 
••H. P. Collirw. Chem. and Ind., 1923, 42, 88. 114; Chem. Ahn., 1923, 17, 1697. J. E. Aitkrn, 

Proc. Tech. Sect. Paper Makers Asioc., Gt. Brit. Ireland, 1929, 10, 213; Chem. Ab»., 1930, 24, 4908; 
Brit. Chem. Abs. B, 1930, 558. 

••For preparation and propertica of colloidal kaolin, nep. E. Soye* and M. ChArouvricr, German P. 
634 345, 1936; Chem. Aba., 1936, 30, 8544. French P. 736,198, 1931; Chem. Aba., 1933 , 27. 1462; 
French P. 42,823, 1933; Chem. Aba., 1934 , 28, 1483. R. Dubri.Hiiv. Bull. aoc. enrour. tnd. nat., 1931, 
130, 176; Chem. Aha., 1931, 25, 4373. I. I. Zhukoff and M. N. Sokolova, Kolloid-Z., 1929, 48, 71; 
Chem. Aba., 1929, 23, 5.383. 

O. Reycfl, Bol. minero aoc. nacl. mineria (Chile), 1934 , 46, 667; Chem. Aba., 1935, 29, 8265. 
See also A. W. Whitaker. Jr., Can. Chem. Met., 1936, 26, 8; Chem. Aba., 1936, 30, 2327. I. Ya. Klinov 
and D. I. Suichev, /. Applied Chem. (UJ3.8.R.), 1935, 8, 389; Chem. Aba., 1936, 30, 3597. .1. C. 
si^illea, Ilhne Conor, chim. ind. (Bruzellea, Sept., t9Z6), 1936, 894; Chem. Aha., 19M, 30, 5781. V. A. 
Plotnikov, O. K. Kudra, D. P. Zoeirnovich and I. M, Potlorvan, J. Chem. Ind. (Moacow), 1934 (10), 
50; Chem. Aba., 1935, 29, 1016. 
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as a flocculent precipitate which settles slowly. Apparently the optimum 
precipitation temperature is approximately 60° C. (140° F.). Also, the 
precipitated alumina hydrate is said to settle out much more quickly if 
some sodium chloride is present in the aluminum sulphate solution. When 
the latter step has been completed, the spent solution is withdrawn and 
the alumina hydrate washed several times with water and then dried. 

Alumina hydrate is reported to have excellent working qualities and 
to impart this property, at least to some degree, to any pigment with 
which it is employed. The hydrated extending agent is said to have a 
low specific gravity and high oil absorption. Also, as was mentioned 
before, alumina hydrate has a fluffy, flocculent form and texture.^®^ 
When an ink vehicle which is somewhat acidic is employed with alumina 
hydrate, the latter shows a tendency to liver. Because of this property, 
the use of alumina hydrate in heavy varnishes which are somewhat 
acidic has been limited. Also aluminum hydrate reacts slowly with 
driers in the ink. It replaces the metallic portion of the drier, forming 
aluminum resinatc, borate, linoleate, and like compounds. The alumi¬ 
num salts thus formed are non-driers, so that the effect is to destroy 
the dri(Ts. Thus, utilization of the hydrated extending agent in inks 
which are to be stored for some time has been precluded to some extent. 

Blanc fixe, or manufactured barium sulphate, may be prepared from 
either natural barium carbonate fwitherite) or sulphate (barytes). When 
witherite is utilized as raw material, it is dissolved in hydrochloric acid 
to form barium chloride.The solution then is filtered, and the filtrate 
treated with sulphuric acid. In this manner, barium sulphate is precipi¬ 
tated. The spent solution subsequently is withdrawn from the precipi¬ 
tate, and the latter washed with water and dried. In instances where 
barytes are employed to furnish blanc fixe, the natural mineral first is 
roasted with coal. Thus the barium sulphate is converted to barium 
sulphide. The latter is dissolved in hydrochloric acid, the solution 
filtered and the sulphate precipitated in a manner similar to that 
described for wdtherite.^^’’* 

Blanc fixe has a relatively high specific gravity (3.72-4.36), and the 
oil absorption of this extending agent lies between 11.7 and 20.6. It 
grinds fairly easily, but is said to have somewhat poor working qualities. 
Blanc fixe has been reported to be fairly brilliant in color, as indicated 
in Table 21. The values were estimated, using a photometer, and the 
brilliancy of magnesium oxide was set at 100.^®^ Also, the stability and 
inertness of barium sulphate extenders make them useful in almost all 
types of vehicle, without danger of reaction. The latter property, 

O. Krkmunn. Farhru-Chrm.. 193.^ 6, 13: Chem. Ahs., 1935. 29, 3535. 
102 Chorrin. Printurrf, piejments, I'cmix, 1931, 8, 1560; Chrm, i4b8., 1931, 25, 5778. I. I. Isknldskii, 

Mincrnhxoc Suir’e, 1930 . 5, 389: Chrm. 1931, 25, 4772. Q. Erdmann, Parbe u. T^ck, 1930, 381. 
.391; Chrm. Ahn., 1930, 24, 5170. 

*«See also H. Wnunor and A. Jornig. Farbcn-7.tff., 1934. 39, 715: Brit. Chem. Ab«. B, 1934, 803; 
Ch€m. Abs., 1934, 28, 6325; Bcv. Paint, Colour, rarni«b, 1934. 7, 357. 

'o*P. Schmid, Z. angew Chem., 1929, 42, 1101; Chem. Abs., 1930, 24, 1752. 
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Table 21.—Brilliancy of Some Pigments and Extenders. 
Substance Brilliancy 

Magnesium oxide 100 
Blanc fixe 97-99 
Titanium dioxide 94-97 
Zinc white 94-97 

Substance 

Lithopone 
Zinc sulphide 
White lead 
Heavyspar 

Brilliancy 

94-97 
94-97 
94-97 
92-94 

together with the brilliance of blanc fixe, has been reported to render 
this material very efficient as a cheapening agent. Thus, it has been 
used in ^Titanox B’’ as a cheapening agent for titanium dioxide. 

Gloss White is the product secured by coprecipitation of alumina 
hydrate and blanc fixe. Usually the two substances are present in the 
ratio of 3 parts of blanc fixe to 1 part of aluminum hydrate. As might 
be expected, the specific gravity, oil absorption, brilliancy and stability 
lie somewhat between that of either of its constituents. Thus, while 
strong acids dissolve out the alumina hydrate portion of gloss white, the 
blanc fixe is unaffected. Inks prepared with acidic vehicles and gloss 
white extenders do not tend to liver as easily as do those made with 
alumina hydrate. On the other hand the brilliance of gloss white is 
somewhat less than that of blanc fixe. The working qualities of the 
coprecipitated extender are very good and it has been utilized as inert 
base in almost all typos of printing inks. 

Also it has been been suggested that magnesium carbonate or 
coprecipitated magnesium and calcium carbonates be utilized as 
extending agents for printing inks. The coprecipitated mixture may be 
prepared by treating calcined dolomite (MgO and CaO) with water to 
form a slurry of the hydroxides of magnesium and calcium. Subse¬ 
quently the slurry is treated with aqueous sodium carbonate solution to 
effect precipitation of the mixed carbonates. 

Urea-formaldehyde condensation products Iiave been proposed as 
extenders for all types of pigments.In preparing one such extender 600 
parts of urea are dissolved in 1620 parts of a 37-per cent solution of 
formaldehyde. About 80 parts of active filter carbon arc added and the 
mixture filtered. The water-clear filtrate (which has a pH of about 7) 
is heated at 100"^ C. for 8 hours. This increases the viscosity but does 
not impair the clearness of the solution. 7.5 Parts of finely pulverized 
thiourea arc incorporated in 100 parts of this solution. To obtain the 
extended pigment, the latter is milled with the above varnish and the 
water removed. For example, 15 parts of indanthrenc blue GGSL arc 
ground overnight in a ball mill witli 300 parts of the varnish. The fine 
suspension thus obtained is heated for 4 hours at 130° C. and the product 
rcdifced to a fine powder. Another method is to obtain the dry resin, 
pulverize it and then grind it in with the pigment. 

W. W. Plowmiin nnrl W. l*Vldc*nhcimcr, nritlnh P. 40.'3,391, 1934; Drit. Cfirrn. Aha. B, 1934, 4.50; 
Chem. Abs., 1934 , 28, 4845. 

i«H. R. Rafftky. British P. 178.808, 1921; Chrm, Abg., 1922, 16, 3405; 1922, 41. 474A. 
iwO. WiHmcr, Britinh P. 431,188. 1935. tn Sorirtv of Chemical Indiwtry in Bn.Hlf: Brit. Chrm. 

Ab». B, 1935, 815; Chrm. Abn.. 1938, 30, 309; French P. 771,988. 1934; Chem. Abn., 1935 , 29, 1847; 
Rev. Paint, Colour, Vamiith, 1935, 8, 180; Chem. Zmtr., 193.5, 106 (1), 2608. 
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Organic Colors 

The organic color industry began its important and highly successful 
career in 1856. In that year Perkins made his now famous discovery 
that a dye, mauve, could be produced from coal-tar. Within a short 
period a number of other coloring agents were produced from the same 
source, and an infant industry began to grow. Because of the cost of 
preparing early dyes and also because of the great demand, manufacture 
of coloring agents for textiles, rather than for printing inks, was empha¬ 
sized for some time after the first preparation of a synthetic organic 
dyc.^®® About 1895 some organic dyestuffs which had been developed 
primarily as textile coloring agents, such as Para Red, Hansa Yellow, 
Lithol Red, Lake Red C and Toluidine Red, were employed as printing- 
ink pigments. From this relatively recent beginning has grown the tre¬ 
mendous printing-ink organic pigment industry. 

The factor which, more than any other, gave impetus to the develop¬ 
ment of a dyeing industry in the United States was the World War of 
1914-1918. Prior to this, American color users generally had depended 
upon German manufacturers for pigments. When this source of supply 
failed, color users in the United States were forced to make their own 
I)igments. 

A classification of organic printing ink pigments may he made on the 
basis of physical j)ropcrties of dyes and method of treatment.^'^® In this 
way fiv(‘ classes of (‘oloring ag(‘nts are obtained: 

(1) Water-soluble basic dyes. 
(2) Water-soluble acid dyes, including xanthenc derivatives. 
(3) Mordant dyes. 
(4) Insoluble or partially soluble dyes with lake-forming properties. 
(5) Insoluble dyes without lake-forming properties, or the so-called 

pigment dyestuffs. 

Any detailed explanation of the reactions or methods of manufacture 
which lead to the formation of the dyestuffs in the above classes is beyond 
the scope of this book.^^^ However, the preparation of each of the above 
classes of dyestuffs will be outlined, and some of the properties which 
make these materials applicable in the printing-ink industry will be 
mentioned. 

»<«L. K. May, Am. Ink Maker, 1937, 15 (11), 16; Chem. .Abs., 1938, 32, 1493; Rev. Paint, Colour, 
Yamuh, 1938, 11, 3. 

J«R. A. Shivo, Am. Ink Maker, 1938, 16 (3), 23; Chem. Aba., 1938, 32, 3988; Brit. Chem. Aba. B, 
1938, 942. See also R. N. Shreve, "Dyes Cla5siried by Intermediates," The Chemical Catalog Com¬ 
pany, Inc., New York, 1922. Toxicity of a number of pigincnU has been reported by A. Beythien, 
Farben-Chem., 1938, 9, H; Chem. Aba., 1938, 32, 8801. 

'1® For details regarding manufacture, intcrme<liatcs and properties of dyes, stH? for example, 
J. C. Cain and J. F. Thorpe, "The .Synthetic Dyestuffs and Intermediate Products," London. Charles 
QrifBn and Co.. Lt., 1913. A. G. Green, "Organic Coloring Matters," London, Macmillan and Co., 
Ltd., 1908. A. Wahl and F. W. Atack, "Organic Dyestuffs," Q. Bell and Sons. Ltd., London, 1914. 
I. W. Fay, "The Chemistry of the Ck>al-Tar Dyes," New York, D. Van Ni^strand Company, 1911. 
T, Beaoall, F. Challenger, Q. Martin and H. J. S. Sand, "Dyestuffs and Coal-Tar PrcKlucts," 4th 
Edition, London, Crosby Lockwood and Son, 1926. 



158 PRINTING INKS 

Water-soluble Basic Dyes, Basic dyes are coloring agents in which 
a dye-base takes the place of the basic constituent of a salt. Generally 
they are marketed as colorless hydrochlorides or zinc chloride double salts 
of the dyestuffs. Production of pigment lakes from these materials is 
effected by dissolving the dyestuff in water and adding an inert material 
such as almnina hydrate or bentonite to act as substrate.^Subsequently 
an aqueous solution of an acid such as tannic, phosphotungstic or phos- 
phomolybdic is added to the mixed dye and substrate.^^- In this manner 
an insoluble colored lake is precipitated on the substrate.^^ 

After formation of the lake has been completed, the latter may be 
suspended in an aqueous solution of aluminum sulphate. Phosphoric 
acid is incorporated in the mixture to bring about precipitation of a film 
of aluminum phosphate on the pigment particles.The coating of alu¬ 
minum salt on the laked pigment was stated to render the latter insoluble 
in oil vehicles and to prevent agglomeration and thickening of color 
during formulation of the ink composition. 

Also, it has been reported that the amount of coloring matter that 
must be distributed over a given area base to secure complete coverage 
can be decreased considerably if the lake is precipitated on a foundation 
substance such as ground wood pulp or cellulose. 

Among the water-soluble basic dyes used for making printing ink 
pigments are included the triphenylraethane dyes, such as Meth>l Violet, 
Victoria Blue, Malachite Green, Brilliant Green, Victoria Green, Magenta 
and Setoglaucine.^^® Also, Rhodamine, Thioflavine and Auramine may be 
classed as basic dyes. To illustrate the general procedure followed in the 
synthesis of these coloring agents, the steps involved in the preparation 
of Methyl Violet, one of the more important members of this series, will 
be outlined. 

Benzene secured from the light oil fraction of coal-tar is nitrated to 
form nitrobenzene. Reduction of the latter with iron in acetic acid fur¬ 
nishes aniline. Alkylation of aniline with methyl alcohol and sulphuric 
acid results in the formation of dimethylaniline. The dialkylamine then 
is admixed with copper nitrate, sodium chloride, sand and an acid, and 
heated at 40-60° C. In this way the amine is oxidized to yield Methyl 
Violet. 

m H. T. Neumann, U. S. P. 2,007,980, July 16, 1935, to Henry T. Neumann Reaenrch Inc.; Chvm. 
Abt., 1935, 29, 6081; Brit. Chem. Abn. B, 19^, 652; Rev. Paint, Colour, Varnish, 1935, 8, 490. 
French P. 791,708, 1935; Chem. Abt., 1936, 30, 4343. 

H. Hadert, Farben-Chem., 1931, 2, 562; Rev. Paint, Colour, Vamith, 1932, 5, 25. Farbe u. 
Lack, 1929, 34, 250; Rev. Paint. Colour, Vamith, 1929, 2, 116, H. Hadert, "Handbuch liber die 
Herstellung and Verwendung der l^ruckfarben," Otto Klener, VerlagegeHcIlschaft m. b. II., Berlin, 
1931. C. A. Curtis, "Kunstliche organische Pigmentfarben,** Julius Springer, Berlin, 1929. 

i“W. D. Bancroft anrl J. W. Ackennan, /. Phyt. Chem., 1930, 34, 1767; Brit. Chem. Abt. B, 
1930, 1247; Chem. Abt., 1930, 24, 5500; Rev. Paint, Colour, Vamith, 1930 , 3, 176. 

A. Chwala, British P. 458,761, 1936; Chem. Abt., 1937, 31, 3716; Brit. Chem. Abt. B, 1937, 264; 
Rev. Paint, Colour, Vamith, 1937, 10, 77, French P. 788,001, 1935; Chem. Abt., 1936, 30, 1594; Rev. 
Paint, Colour, Vamith, 1936, 9, 149. 

^E. O. 8. Gcntele and H. R. Gentele, British P. 7399. 1897; J.S.C.I., 1897, 16, 546. 

^A. McNeil, Am. Ink Maker, 1936, 14 (8), 17; Rev. Paint, Colour, Vamith, 1937, 10, 24; Chem. 
Abt., 1938, 30, 6987. KUmmd, Farben-Ztg., 1937, 42, (2), 40; Rev. Paint, Colour, Vamith, 1937, 
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As precipitants for preparing lakes from water-soluble basic dyes, 
acids such as arsenic, phosphoric and resinic have been employed. 
When tannic acid is utilized to effect formation of lakes, a small propor¬ 
tion of tartar emetic (antimony potassium tartrate) is generally incor¬ 
porated in the reaction mixture to aid in securing complete precipitation 
of the laked dyestuff. Also, potassium carbonate has been advocated 
for the same purpose as the tartaric acid salt.^^** In some instances addi¬ 
tion of oxides of antimony either to the finished lake or during prepara¬ 
tion of the latter has been proposed.^^® 

Lakes produced from basic dyestuffs with precipitants such as those 
described usually have great clearness and purity of color. However, 
these pigments generally are apt to bleed in alkali, soap, water, or alco¬ 
hol. The most objectionable property of such coloring agents is their 
tendency to fade very quickly on exposure to light. These are the 
so-called light-fugitive dyes. 

The tendency to fading of lakes produced from water-soluble basic 
dyestuffs has been overcome, to a considerable extent, by utilization of 
certain complex acids, particularly phosphomolybdic and phosphotung- 
stic as precipitating agents.^-^ The tungstated or molybdated lakes are 
reported to be brilliant, to have good light resistance, to be relatively 
non-bleeding in lithographic varnish, water and paraflSn. However, 
bleeding is somewhat pronounced in alkali, soap, or alcohol. 

The qualities and characteristics of lakes prepared with phospho- 
tungstic acid liave been compared with those made with phosphomolybdic 
acid.^^^ It was stated that lakes produced under comparable conditions 
indicated that tungsten lakes required more precipitating agent than 
those prepared with molybdenum. Further, lakes containing the latter 
metal were reported to be much bulkier than the corresponding tungsten 
lakes. It was said that the acidity of a solution containing a water- 
soluble basic dyestuff could be controlled more easily when the precipitant 
was an acid containing molybdenum. Lakes prepared from complex 
molybdenum acids were stated to have a lower specific gravity, higher 
oil absorption, greater strength, and to be easier to grind than tungsten 
lakes. However, the latter were slightly brighter in top tone.^~- 

for cxatnplc, T. Bcacall, F. Challenger, G. Martin and H. J. S. Sand, ‘'Dyestuffs and 
Coal-Tar Products,” Crosby Lt>ck\vood and Son, London, 1926. S. L. Karpeles, A. B. Portman 
and P. Thomaaset, dm. Ink Maker, 1930, 14 (5), 39; Chem. Abs., 1937 , 31, 4141; Brit, Chem. 
dbf. B, 1M6, 702; Jiev. Pamt, Colour, Varnish, 1936, 9, 242. G. J. Baker, Ver/kroniek, 1936, 9, 256; 
Chem, Abs., 1936 , 30, 7851. G. Zerr, Parbe u. Lack, 1933, 223; Chem. Abs., 1933, 27, 3336; Rev. 
Paint, Colour, Varnish, 19^, 6, 106. 

C. Philippe-Lavall6e, French P. 791,135, 1935; Chem. Abs., 1936, 30, 3261; Rev. Paint, Colour, 
Varnish, 1936, 9, 242. 

Ink Maker, 1938. 16 (4), 39; Rev. Paint, Colour, Varnish, 1938, 11, 192. Farben~Ztg., 1936, 
41, 306; Rev. Paint, Colour, Varnish, 1936, 9, 169. 

A. B. Portman, Am. Ink Maker, 1935, 13 (6), 37; Brit. Chem. Ab<. B, 1935, 684; Chem. Abs., 
1935, 29, 4955; Rev. Paint, Colour, Varnish, 1935, 8, 284. A. Liiu, Am. Ink Maker, 1938, 16 (5), 18; 
Chem. Abs., 1938, 32. 5645. E. R. Allen, Official Printing Ink Maker, 1933, 3 (8), 14; Chem. Abs., 
1933, 27, 4105. L. M^. Larson and F. A. Weymouth, Paint, Oil dt Chem. Rev., 1937 , 99 (17), 20; 
Chem. Abs., 1937, 31, 7673. 

»»A. Lins, Am. Ink Maker, 1938, 16 (5), 18; Chem. Abs., 1938, 32. 5645. 

u*8ee Q. £. Jones, OU Colour Trades J., 1932, 81, 906; Rev. Paint, Colour, Farnis/i, 1932, 5, 90. 
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The resistance of molybdated lakes or toners as compared with tung¬ 
state lakes has been discussed. Tungsten lakes, as well as lakes contain¬ 
ing maximum tungsten and minimum molybdenum, were rc{)orted to fade 
on exposure to light. On the other hand molybdenum lakes or those 
containing a maximum of molybdenum and a minimum of tungsten, 
darken on exposure. It was concluded, therefore, that the question of 
comparative light fastness was not as important as the question as to 
whether a consumer prefers a change in color in the direction of fading 
or in the direction of darkening. 

Basic dyes can be converted into oil-soluble coloring agents by dis¬ 
solving the dyestuff in a fatty acid, such as oleic or stearic. In this 
manner, the dye is rendered soluble in oleo-resinous vehicles. One of 
the more important members of this class of pigments is the base toner 
formed by dissolving Methyl Violet base in oleic acid. This color often 
is utilized in toning less exi)ensive blacks such as news ink. 

Water-soluble Acid Dyes. The acid dyes are siilphonic or carboxylic 
acid derivatives of color bases. They are laked by precipitation with 
metallic precipitants onto an inert substrate. The most common precipi¬ 
tating agent is barium chloride although lead, sodium and calcium salts 
find application.^-^ Aluminum hydroxide serves most frequently as a 
substrate or carrier for this type of dye.^-* Lakes made from acid dyes 
are fairly fast to light. The.se lakes are particularly valuable because of 
their good working properties and brilliance.’-^ 

The following procedure is an illustration of the way in which an acid 
lake may be prepared.’-^ One hundred parts of aluminum sulphate arc 
dissolved in 1000 parts of water and the solution heated to 170'' F. Fifty 
parts of soda ash in 500 parts of water are admixed in the solution with 
constant stirring. Aluminum hydroxide thus j)recipitated is washed by 
decantation until no trace of sodium sulphate remains. Next are added 
30 parts of the acid dyestuff dissolved in boiling water, and the mixture 
brought to the desired temperature. Forty parts of barium chloride in 
400 parts of water then are incorporated in mixture, the latter being 
agitated thoroughly. The lake thus obtained is washed by decantation, 
filtered, dried and ground. A poster lake (for lithographic printing inks) 
can be produced by omitting the washing after addition of the soda ash, 
i.e., leaving the sodium sulphate in the solution. By employing an 
excess of barium chloride the halide and sulphate will react to produce 
blanc fixe which acts as a carrier. In general, the higher the tempera- 

^E. Thorpe, “Dictionary of Applied Chcniiatry, Vol. Ill/' New York, Longmans, Green, and Co., 
1912; R. A. Shive, Am. Ink Maker, 1938, 16 (3), 23; Ucv. Paint, Colour, VarniBh, 1938, 11, 173. 
Farbe u. Lack, 1929, 34, 260; Rev. Paint, Colour, Vamuh, 1029, 2, 116. For discussion of the theory 
of lake formation see F. A. Mason, /. Oil Colour Chem. Askoc., 1931, 14, 252; Cfiem. Abs., 1931, 
25, 5778; Rev. Paint, Colour, Varnish, 1931, 4, 228. 

^S. L. Karpeles, A. B. Portman and P. Thomasaet, Am. Ink Maker, 1936, 14 (5), 89; Chem. 
Abt., 1937, 31, 4141; Brit. Chem. Ahs. B, 1936, 7u2; Rev. Paint, Colour, Varnish, 1936, 9, 242. 

i»R. A. Shive, Am. Ink Maker, 1938, 16 (3), 23; Chem. Ahs., 1938, 32, 3988; Brit. Chem. Abs. B, 
1938, 942. 

^ n. Clayton, /. 8oc. Dyers Colourists, 1930, 46, 154; Rev. Paint, Colour, Varnish, 1930, 3, 91. 
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ture of the solution from which the lake is deposited the greater its 
brilliance. 

A slightly different procedure, described by Morris for obtaining 
neutral lakes, comprises absorbing acid dyes under acid conditions on 
aluminum hydroxide. The colored mass then is treated with a neutral 
solution of a salt of the same or another dyestuff to remove the acidity. 
The shade of the pigment may be varied by treatment with barium 
chloride. Scarlet 3R, Ponceaus and naphthol yellows may be laked in 
this manner. 

Pigments with shades between yellow and bluish red are obtained 
by precipitating the barium or calcium salts of dyestuffs obtained by 
coupling halogen-substituted amino-benzene, -toluene, or -naphthalene, 
with 2-naphthol-6 (or 7) -sulphonic acid.^-^ The barium salt of the dye¬ 
stuff 2-chloroanilineazo-2-naj)hthol-6-sulphonic acid, for example, is a 
reddish-orange powder said to be resistant to water and oil and to be 
fast to light. 

The barium and aluminum salts of sulphonated nigrosine may be 
employed as pigments in bleachable inks.^-'^^ Such a pigment is precipi¬ 
tated, for example, when 1250 parts of a 20-per cent barium chloride 
solution and 500 i)arts of a 20-pcr cent aluminum sulphate solution are 
added to a solution of 250 parts of sulphonated nigrosine in 2500 parts 
of water. 

The preparation of various sulphonated triphenylmethane dyes for use 
in printing inks is described by Larjushkina.^’^ 

Among the water-soluble acid dyestuffs utilized in preparation of 
lakes are included azo dyes such as Orange II, Lake Scarlet 2R, Bor¬ 
deaux BS, Crimson BS. Also quinonc-imide dyes, for example, nigrosine 
and induline liavc been employed. Other classes of dyestuffs used for 
preparing printing pigments are the hydrazoncs, e.g., tartrazine; nitro- 
dyes sucli as Naphtliol Yellow S and xanthenes, for example, cosine. 

Mordant Dyes. Alizarin Lakes. 1,2-Hydroxyanthraquinone and its 
derivatives comprise a group of mordant dyes known as the alizarin dye¬ 
stuffs. The latter react with various metal oxides (the mordant) to 
form insoluble pigments. The dyestuffs formerly were obtained from the 
madder, a root of Indian origin which was cultivated in France and 
Holland until the synthesis of alizarin by Graebe and Lieberman in 1868. 
Alizarin now is prepared by sulphonation of anthraquinone to the mono- 
sulphonate. The latter then is hydrolyzed to produce the dihydroxy- 

F. Morrifl, British P. 122,540, 1918; J.S.C.L, 1919, 38, 187A; Chem. Abs., 1919, 13, 1771. 
W. Hentrich and M. Hartnmnn, U. S. P. 1.878,698, Sept. 20, 1932, to General Aniline Works; 

Chem. Abe., 1933, 27, 433; Rev, Paint, Colour, Varm»h, 1933 , 6, 43. 
Italian P. 340,540, 1936, to Soc. An. Fabrica Itnliana cli colori ctl inchiostri da stompa; Chem. 

Zentr., 1937, 108 (1), 4562; Rev. Paint, Colour, Varmsh, 1937, 10, 242. Italian P. 340,553, 1936; 
Chem. Zentr., 1937, 108 (2), 3967; Rev. Paint, Colour, Varniah, 1938, 11, 25. See also Chapter 15. 
the section on bleachable inks. 

V. K. Larjuahkina, Anilinokrasochnaya Prom., 1934, 4, 573; Brit. Chem, Abe. B, 1935, 143; 
Chem. Zentr., 1935, 106 ( 2), 763; Rev. Paint, Colour, Varnish, 1935, 8, 401. 

See F. A. Mason, 7. Oil Colour Chem. Assoc., 1931, 14, 252, and F. H. Biirstall, ibid., 1937, 
20, 176; Chem. Abe., 1937, 31, 7267, for discussion of the compounds formed. 
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derivative. The color of the product is varied by nitrating and sulpho- 
nating. The lake color is determined by the color base and mordant 
which go into its make-up and various shades are produced by the rela¬ 
tive amounts of color base and mordant and the method of preparation 
of the base. 

The alizarin lakes exhibit good fastness to light and are insoluble in 
water, oils, greases, alcohols and the usual organic solvents. Their use 
in the past has been somewhat limited because of their high price and 
comparative lack of tinctorial strength.^^^ However, recent improve¬ 
ments, including lighter top tones, increased strength, as well as lower 
oil absorption may make these lakes more popular in the printing-ink 
industry.^^^ 

In addition to alizarin and aluminum hydroxide the lakes generally 
contain calcium salts, turkey red oil and sodium phosphate. The calcium 
salt is necessary in most cases for the formation of a satisfactory lake, 
the function of the turkey red oil and sodium phosphate being to increase 
the brightness of the lake.^^'^ The general procedure followed in preparing 
an alizarin lake comprises dissolving the dyestuff in a cold sodium car¬ 
bonate solution and adding successively the sodium phosphate and turkey 
red oil. Subsequently a solution of aluminum sulphate is incorporated 
slowly in the mixture until evolution of carbon dioxide ceases. Lime 
water next is added and the mixture, with constant stirring, slowly 
brought to the boiling point. After several hours of boiling the solution 
is allowed to cool and the lake washed by decantation, filtered and dried 
at room temperature. 

The presence of ferric salts has a marked dulling effect on aluminum 
lakes due to the formation of purple iron alizarate. Viktorov found 
that the presence of reducing agents such as formates, lactates and sul¬ 
phites (preferably as the anion of the mordant) successfully prevented 
such discoloration. These compounds reduce the ferric salts in the laking 
solution and thus preclude the formation of ferric alizarate. On the 
other hand any ferrous lakes formed are unstable and decompose in favor 
of the aluminum lake. It is also pointed out that brighter shades are 
obtained if the laking proceeds slowly. To effect this an aluminum salt 
(rather than the hydroxide) which slowly hydrolyzes on boiling may be 
used. 

Although the aluminum lakes are the most common, chromium and 
iron lakes are also prepared. The latter of these two is purple, whereas 
the chromium salts produce maroon lakes. 

J. Wolfe, "The Manufacture of Printing and Lithographic Inka," 2nd Ed., New York, 
MacNair-Dorland Co., 1933. 

»R. A. Shive, Am. Ink Maker, 1938, 16 (3), 23; Rev, Paint, Colour, Varnish, 1938, 11, 173; 
Chem, Abs„ 1988, 32, 3988. 

“*E. Thorpe, "Dictionary of Applied Chemiatry,** Vol. Ill, New York, Longmana, Green, and 
Co., 1912. 

i»P. P. Viktorov, /. 8oc. Dyers Colourists, 1928, 44, 336; Brit. Chem. Abs. B, 1929, 92; Chem. 
Abs., 1929, 23, 518; Rev. gin. Mat. Col., 1928. 32, 253; Rev. Paint, Colour, Varnish, 1928, 1, 155. 
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Printing inks may be colored by converting a mordant dyestuff of the 
triarylmcthanc group into a complex chromium compound of the dye by 
treatment with chromic acid or a chromate salt directly in ihv. varnish 
itself.For example 1 g. of Erioclirome Azurol B is dissolved in 100 g. 
of a nitrocellulose composition and this gently warmed with 0.5 g. of 
sodium dichromatc. The product is a clear blue lacquer, said to be fast 
to light. 

Insoluble or Partially Soluble Dyes with Lake-forming Properties. 
Most of the important dyes of this class are red monoazo compounds 
containing a sulphonic acid radical or, in a few cases, a carboxyl group 
in the molecule. Lithol Red, Red Lake C and Lithol Rubine are mem¬ 
bers of this class. These dyestuffs are obtained by coupling a diazotized 
amino- compound and a naphthol derivative, and are marketed as the 
sodium and, more frequently, as the barium or calcium salts. The stron¬ 
tium salts of the Lithols are also prepared and are said to exhibit greater 
light fastness than is generally associated with this group of dyes.^^*^ As 
an example of the method used in preparing these compounds, the opera¬ 
tions involved in the production of Lithol Red dyestuff will be described. 
The procedure is given in some detail since it serves to illustrate the 
general method of coupling followed in the preparation of a large number 
of azo dyes. 

Lithol Red R is produced by diazotizing 2-naphthylamine-l-sulphonic 
acid and coupling the diazonium salt with /^-naphthol. To prepare the 
/i-naphthol solution, 16.4 parts of ^-naphthol are dissolved in 16.4 parts 
of 40^ Be. (35 per cent) sodium hydroxide solution diluted with 50 parts 
of water, and 8 parts of calcined sodium carbonate in 40 parts of water 
incorporated in the solution. After complete dissolution is secured the 
mixture is diluted with 100 parts of water, filtered through cloth into a 
large vat and further diluted with 800 parts of water. The preparation 
of the diazo solution from 2,1-naphthylaminesulplionic acid (Tobias acid) 
is effected in the following manner. Twenty-tliree parts of the Tobias 
acid are added to a hot solution of 9.6 parts of calcined sodium carbonate 
in 60 parts of water and the whole diluted to 200 parts with water. 
Subsequently, 46 parts of 20'' Be. (31.5 per cent) hydrochloric acid are 
incorporated in the mixture. The solution is cooled to 0^ C. and the 
amine diazotized with 7.6 parts of sodium nitrite. The reaction requires 
a few minutes. The solution then is run into alkaline /^-naphthol solu¬ 
tion in which coupling takes place. As soon as all the diazo solution has 
been incorporated, 15.5 parts of sodium carbonate in 200 parts of water 
are added to bring about formation of the insoluble sodium salt of the 
dye. The supernatant liquor is drawn off and the residue washed.^^® 

‘••J. R. Gcigy, British P. 423,892. 1935; Brit. Chem. Aba. B» 1935, 367; Chem. Abs., 1935 , 29, 
4610; Rev, Paintt Colour, Vamiah, 1935, 8, 178. 

tWR. A. Bhive, Am. Ink Maker, 1938, 16 (3), 23; Rev. Paint, Colour, Varniah, 1938, 11, 173; 
Chem. Aba., 1938, 32, 3988. 

^ Farben-Ztg., 1931, 37, 379; Rev. Paint, Colour, Vamiah, 1932, 5, 24. Soe also O. Zerr, Farbe 
tt. r^ck, 1933, 196: Chem. Aba., 1933 , 27, 3336; Rev. Paint, Colour, Vamiah, 1933, 6, 106. 
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The barium salt is obtained by cooking the sodium salt paste in a 
solution of barium chloride (36 parts BaCl2.2H2O in 500 parts of water) 
for 16 to 20 minutes. The dye is allowed to settle and the supernatant 
liquid removed. The substrate or extender then is added to the paste 
and the two thoroughly mixed. 

Red Lake C is made similarly by diazotizing 2-amino-5-chloro-p- 
toluenesulphonic acid and coupling with /J-naphthol.^^® Bronze Orange 
(the sodium lake) is very sensitive to heat. The heat of the mill on 
grinding tends to darken this pigment, making it difficult for the ink 
maker to check the shade of his dry color or ink. This difficulty can in 
part be overcome by starting to grind the color on a cool mill and adding 
a little water from time to time as the grinding proceeds.^'*® The admix¬ 
ture of solid carbon dioxide in certain cases of dry grinding is also recom- 
mended.^^^ 

Alkali Blue, Although not an azo dye, alkali blue nevertheless 
belongs in this group because of its insolubility and lake-forming proper¬ 
ties. The dyestuff is obtained by phcnylating rosaniline to spirit blue 
(alcohol-soluble dye) and sulphonating. The free sulphonic acid is 
insoluble in water but dissolves in alkali, giving colorless solutions. The 
paste of the pure dye, in which form it is generally marketed, is obtained 
by ‘^drowning’^ (dissolving) the dye in concentrated sulfuric acid and 
pouring the solution thus obtained into a tank containing water at about 
15"^ C. Precipitation results, leaving the dye in a pulp form known as 
“worms.” The pulp is filtered and the pigment flushed into linseed oil.^’*- 

Insoluble Dyes without Lake-forming Properties or Pigment Dye¬ 
stuffs. The so-called pigment dyestuffs may be divided into three sub¬ 
groups: (1) Azo dyestuffs; (2) Vat dyes; (3) Phthalocyanine compounds. 

Azo dyes. Among the more common members of this group are Para 
Red, Toluidine Red, Permanent Red R, Permanent Orange (Lithol Fast 
Orange), Hansa Yellow, and Fire Red Toner. These dyes possess a high 
degree of light-fastness and permanence. The general procedure in pre¬ 
paring these dyes is the same as that described for Lithol Red, with the 
exception that the extender or substrate generally is present in the coup¬ 
ling solution so that an intimate mixture of the dye and base is 
obtained.^^^ 

Vat Dyes. The term “vat dyes,” includes those dyes which are insol¬ 
uble in water, dilute acids and alkalies but which, on being reduced, form 

"•See H. Boenel, iFarben-Chem., 193«, 7, 245; Chem. Abt., im, 30, 8053; Brit. Chem. Ab». B, 
1881, 884; Rev. Paint, Colour, Vamiih, 1030, 9, 291) and A. VV. C. Harrison {Paint, V<imuh, Prod. 
Man., 18^, 30, 6, 34; Rev. Paint, Colour, Varnish, 1030, 3, 170) for description of the preparation of 
thfa and other acid azo dyea. 

B. Portman, Am. Ink Maker, 1030, 8, 21; Chem. Ahs., 1030, 24, 4637. 
^ I. T. Thornton, U. 8. P. 2,008,708, Nov. 8, 1037, to National Aniline 4 Chemical Co.; Chem. 

Abt., 1038, 32, 300; Rev. Paint, Colour, Vamith, 1038, 11, 148. 

"•See G. B. Palmer, U. S. P. 1.330,219, May 4, 1920; Chem. Abt., 1920, 14, 1003; J.8.C.I., 1920, 
39, 400A. 

"•E. Thorpe, "Dictionary of Applied Chemistry," Vol. Ill, New York, I./on(pnans, Green and 
Co., 1911 
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a '^color base^' soluble in alkaline solutions. In applying these dyes to 
cloth, the latter is dipped into a solution of the color base, subsequent 
exposure to air producing tlic original colored compound by oxidation. 
These dyestuffs, although extremely fast to liglit, are not generally used 
in printing inks because of their high price and, from the standpoint 
of the ink maker, lack of brilliance.’'*'* 

The j)igmcnting of tliese dyes may be effected by mixing the dye¬ 
stuff and a paste of extender. Thus a yellow pigment for lithographic 
ink is obtained by mixing together 5 parts of naphthanthraquinone and 
50 parts of a 4.5-per cent aluminum hydroxide paste. The product is 
filtered and dried.’*"' A reddish blue pigment is obtained from 1,4,5-tri- 
anisoylarnino-S-hydroxyanthraquinone.’'*® 

Relatively brilliant pigments are said to be obtained from vat dyes 
employing regenerated cellulose as an extender.’'*^ The dyestuff may be 
added to the finely divided regenerated cellulose, or the cellulose may be 
formed from its derivative in the presence of the color. The procedure in 
preparing a Ponsol Blue GD pigment by the latter method consists of dis¬ 
solving 5 parts of chloro-N-dihydro-1,2.2',r-anthraquinoneazine (Ponsol 
Blue GD) in a solution of 0.4 parts of sodium hydroxide and 5 parts of 
sodium liydro.^ulphite {XajSj04) in 1000 parts of water at 50° C. To this is 
added a solution of 21 ])arts of sodium cellulose phthalate in 1000 parts 
of water and the whole heated at once to 90° C. with a further addition 
of 10 parts of sodium hydroxide to complete hydrolysis of the ester. 
When hydrolysis is complete, the product is cooled, filtered and washed 
free from inorganic material. If the dye is not completely oxidized by 
this procedure the product may be suspended in water and air passed 
through it until the color has been fully formed. 

Phthalocyanine Dyes. The most celebrated member of this group of 
dyes is copper phthalocyanine known as Pyan Blue B or ^lonastral Blue. 
It is reported to be extremely fast to light, insoluble in water and most 
organic solvents, and resistant to alkali, acids and to heat.^"*® However, 
its working properties could be better and it could be stronger to be 
classified as an ideal pigment.The other dyes of this group are all 
green, blue or purplish-blue in color, depending on the metal used and 
modifications introduced such as chlorination or sulphonation. 

A. Shiv(», .Av^ luk Mah<r, 19.3S, 16 (3), 23; Rev. Pnivt. Colour, 1038, 11, 173; 
Chem. 10.38. 32, 3088. 

A. T/fHtrinjrhftus, U. S T. 968 .376. Atiir. 2.3, 1010, to IVulisclio Amlin uml S«>(U Fa1>rik; Chem. 
1910, 4, 3015. 

>««FrrTirh P. 809.90.3, 10,37. to pour Timl. chim. ^ BhIc; Chem. 1938, 32, 800; Rev. Paint, 
Colour, Vamifh, 1938, 11, 89. 

Mtp. w. Johnson, U. S. P. 2.046.267. Jnno 30. 1036, to E. I. duPont do Nomours k Co.; Chem. 
Abu., 1036, 30, 6821. British P. 427,248, 1935; Chem. Abf., 1935 , 29, 6081; Brit. Chem. Abs. B, 
1936, 662. 

Sec for example, II. Snmnrl.s, Dec. Paint Mao., 1037 , 36, 516 ; 7?rr. Paint, Colour, ^ nn^inh, 1937, 
10, 160. Am. Ink Maker, 1037. 15 (81, 17; Brit. Chem. Ahs. B, 1937, 1237; Rev. Paint, Colour, Vnr- 
nish, 1937, 10, 818; J. D. Cohen, Paint Manuf., 1937 , 7, 346; Chem. Abs., 1938, 32, 810; Rev. Pamt, 
Colour, Yamtsh, 1937, 10, 412. 

'•L. K. May, Am. Ink Maker, 1937, 15 (11), 16; Rev. Paint, Colour, Varnish, 1038, 11. 8; Chem. 
Abi., 1938, 32, 1493. 
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The first phthalocyanine was observed in 1928 as an impurity during 
the manufacture of phthalimide on an industrial scale.^®® The process, 
which consists of passing ammonia into molten phthalic anhydride in 
iron vessels, was found to yield traces of a blue substance. This was 
isolated and was found to be insoluble in the usual organic media and in 
water, dilute alkali and acid. The value of these phthalocyanine com¬ 
pounds as pigments for printing inks was soon recognized.^®^ 

The preparation of the metal phthalocyanines may be effected in 
various ways such as reacting phthalic anliydride or phthalimide and 
ammonia in the presence of a metal (iron, copper, nickel, hiagnesium),^®^ 
or heating an o-cyanoarylcarboxylic amide, e.g.^ cyanobenzamide with a 
metal or metal compound to yield blue, purple or blue-green pig¬ 
ments. Copper phthalocyanine may also be prepared by heating the 
metal-free phthalocyanine with copper in a solvent, e.g.y quinoline.^®'* 
(The metals may be removed from these compounds by treatment with 
concentrated sulphuric acid.) A green pigment is obtained by condensing 
phthalonitrile with lead, litharge or lead carbonate.^®® The pigment does 
not, however, possess the same outstanding permanence to light as the 
copper compound.^®® Creen pigments with similar properties are also 
prepared by chlorinating or brominating phthalocyanines.^®’^ The metal- 

free compound is also a green pigment. 

The molecular structure of phthalocyanine has been determined by 
Linstead and his co-workers.'®* It was shown that the molecule consists 
of four isoindole units joined together by means of extracyclical nitrogen 
atoms. In the metal derivatives the two hydrogen atoms attached to 
nitrogens are replaced by the metal which probably is also attached to 
the other nitrogen atoms by coordinate covalent linkages. This struc¬ 
ture has received confirmation by x-ray studies of several of the metal 
compounds.'®® 

II. Samij»‘N, J. Orl Colour Chom. Atsor., 1938. 21, 171. Prorursors of the phtli!\loc\anines were 
prepared (See Am. Ink Maker, 1937, 15, f8), 17) hv H. d«'Diesl>ach and E. \on dor Weid illrlv. 
Chim. Acta, 1927, 10, 886: C/iem. Ahn., 1928, 22, 1149: Rrit. Chem. Aht. A, 1028. 62). who f.htamcHl 
complex copper jcilt- ‘-urh aa CufCJeH*(CN)a + C H-N)., hv heatinji copper cyanifle. pvridinr and n 
dibromo compound in «n*a!e<J tubes. These complexes were reported to exhibit "nHtoui.HhiMR” 
stability to heat, alkali nnd acids. 

IT. Samuels, lor. r>t. 

.A. O. Danrlridcp. H. A. K. Drewher, and J. Thomaa, Briti.di P, 822,109, 1928, to Scottish Dyes, 
Ltd.; Chem. Ah$., 1930, 24, 2890; Brit. Chem. Abt., B, 1930, 316. 

F. Thorpe, R. P. Linstead and J. Thomas, British P. 389,842, 1932, to ScottiMh Dyes Tdd.; 
Brit. Chem. Ahn. B, 1933 . 639; Chem. Ahn.. 1933, Tit 4941. J. F. Thorpe and J. Thomas, U.S. P. 
2,000,051, May 7, 1935; Chem. Ab$., 1935 , 29, 4194. 

^ R. P. Linstearl and C. E. D^mt, U. S. P. 2,124.742, July 26, 1938, to Imperial Chemical Industric.s, 
Ltd.; Chem. Abf,., 1938, 32, 7057. 

^R. P. Linjstead and C. E. Dent, British P. 441,332, 1936, to Imperial ChoTnical Industries, Ltd.; 
French P. 791,086, 1035; Chem. Abt., 1936, 30, 4678: Brit. Chem. Abt. B, 1936 , 463. 

^'•11, Samuels, loc. cit. 
**7R. P. Linstea<! and C. E. Dent, British P. 461,268, 1937, to Imperial Chemical Industries, Lid.; 

Chem. Abt., 1937, 31, 4830; Brit. Chem. Abt. B, 1937, 471. 
'“R. P. Linstead, C. E. Dent and A. R. Lowe, /. Chem. Sor., 1934, 1016; Brit. Chem. Aht. A, 

1934, 1114; Chem. Abt., 1934, 28, 6142. 
^J. M. Robertaoo, /. Chem. 8oc.. 1934, 615; Chem. Abt., 1935, 29, 4989; Brit. Chem. Abt. 

A, 1886, 813. 
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The phthalocyanines are sulphonated to yield lake-forming dyes. 
The lake is deposited from aqueous solution of the sodium sulphonate 
onto substrates such as aluminum hydroxide, blanc fixe, or cellulose 
derivatives. The usual inorganic precipitating agents, e.g., barium, cal¬ 
cium or zinc chloride,'*® or organic bases, such as aliphatic and aromatic 
amines or basic dyes '*' may be used. 

Phthalocyanine 

Naphthalocyanincs have been investigated by Linstead and Brad- 
brook wlio showed that only the 1,2 and 2,3 of the ten possible dicyano- 
naphthalenes form naphthalocyanincs. This is to be expected inasmuch 
as only adjacent nitrile groups (ortho to one another) are involved in the 
formation of the phthalocyanines.'®* The copper, magnesium, zinc and 
lead naphthalocyanincs were prepared. 

Properties of Pigments 

The properties of a number of pigments which are utilized in the 
printing industry have been compiled by Doty.'®^ The data are given in 
Tables 22, 23, 24, 25, 26, 27. The colors tested were dry, and only 
organic toners, organic lakes and inorganic C. P. colors were considered. 

Soe, for example, British P. 457,796, 1936, to I. G. Farbenind. Chem. 1937, 31, 3299; 
lint. Chvm. Ahs. B, 1937, 264. K. Ilolzach and G. Niemann, U. S. P. 2,099,689 and U. S. P. 2.099.690, 
Nov. 23, 1937, to General Aniline Works; C/irm. Abu., 1938, 32, 366. J. F. Thorpe and R. P. Linstead, 
British P. 390,149, 1932, to Imperial Chemical Industries, Ltd.; Hcv. Paint, Colour, Varnish, 1933, 6, 
180; ffnt, Chem. Ahs. B, 1933 , 639: Chem. Abi., 1933, 27, 4680. 

British P. 460,147, 1937, to I. G. Farbenind. A.-Q.; Chem. Abi., 1937 , 31, 4825; lirit. Chem. Abi. 
B, 1937, 264. 

'*•11. P. Linstead and K. F. Biadbroijk, J. Chem. Soe., 1936, 1744. 

••"C. E. Dent, R. P. Linstead and A. 11. Lowe, J. Chem. Soc., 1934, 1016. 

M. B. Doty, Paint, Od Chem. Pev.. 1937, 99 (8), 10; Chem. Abi., 1937 , 31, 7268. 
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Table 24.—Yellows. 

Inorganic Yellowi 

Resistance to Light 
Primrose 

—Chrome Yellows- 
Lemon Medium 

Zinc 
Yellow 

Full Shade Fair Fair Good Excellent 

Tints Poor Poor Fair Goml 

Resistance to Heat 230* F. 230* F. 820“ F. 165“ F. 

Resistance to Acid Good Good Good Poor 

Resistance to Alkali Poor Poor Poor Poor 

Bleeding in Water No No No Yes 

Bleeding in Oil No No No No 

Bleeding in Lacquer No No No No 

Bleeding in Svnthetic No No No No 

Specific Gravity 5.86-6.00 5.84-5.95 5.84-6.00 3.41-3.54 

Bulking Value .02049 - 02001 .02056-.02018 .02056-.02001 .03520-.03391 

Oil Absorption 15.9-13.0 20.1-17.0 12.1-13.0 24.1-18.6 

Fineness (Rea. on 325 - mesh)(%) 

Resistance to Light 

.47 

Synthetic 
Iron Oxides 

Lemon 

.19 .04 

- Cadmium Lithopono 
Primrose Lemon 

.39 

Vellows- 
Golden 

Full Shade Excellent Excellent Excellent Excellent 

Tints Excellent Excellent Excellent Excellent 

Resistance to Heat Y. 320« F. 320“ F. 320“ F. 

Resistance to Acid Excellent Poor Poor poor 

Resistance to Alkali Goo<i Good Good GiKid 

Bleeding in Water No No No No 

Bleeding in Oil No No No No 

Bleeding in loicquer No No No No 

Bleeding in Synthetic No No No No 

Specific Gravity 4.03 4.02 4 26 4.25 

Bulking Value .02979 .02986 .02818 .02825 

Oil Absorption 23.5 17.88 16.51 17.42 

Fineness (Res. on 325-iin?Ah)(%) 0.20 .04 .05 .02 

Yellow Lakes Yellow Toners 
,-Hansa yellows-^ 

Quinoline Nnphthol Tartra/ine lOG-Primrose G-Lemon 

Resistance to Light 

Full Shade Fair Fair Fair Excellent Excellent 

Tints Poor Poor Poor Good Goo<l 

Resistance to Heat 230“ F. 230“ F. 230“ F. 230“ F. 320“ F. 

Resistance to Acid Poor Poor G(X)<1 Good Good 

Resistance to Alkali Poor Poor Poor Good G<x>d 

Bleerling in Water Slight Slight Slight No No 

Bleeding in Oil No No No No No 

Bleeding in Lacquer No No No Slight Slight 

Bleeding in Synthetic No No No Yes Yes 

Specific Gravity 1.63 1.94 2.60 1.58 1.46 

Bulking Value .07364 .06188 .04617 .07599 .08224 

Oil Absorption 50.0 40.0 53.9 45.0 83.5 

Fineness (Res. on 325-mesh)(%) .12 .10 .10 .11 .10 
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Table 25.—Oranges. 

Inorganic Oranges 

Resistance to Light 
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Full Shade Ex. Ex. Ex. Ex. Good Ex. Ex. 

Tinta Good Good Good Good Fair Ex. Ex. 

Resistance to Heat 320* F. 320* F. 320* F. 320* F. 230* F. 320* F. 320* F. 

Resistance to Acid Poor Poor Poor Poor Good Fair Poor 

Rf-isistance to Alkali Good Good Good Good Poor Good Good 
Rlec<ling in Water No No No No No No No 

Bleeding in Oil No No No No No No No 

Blooding in T-acquer No No No No No No No 

Bleeding in Synthetic No No No No No No No 

Specilic Gravity 6.98 6.75 6.92 6.71 5.75-6.95 4.03 4.18 

Bulking Value .01720 .01779 .01735 .07189 .02088-.01727 .02979 .02872 

Oil Absorption 8.3 7.4 7.5 6.5 14.9 25.5 23.16 

Fineness (Res. on 32o-inesh)(%) .08 .09 .18 .06 .10 .02 0.02 

Resi.st.ance to Light 

Orange Lake 

Persian Orange 

r- Orange Toners-^ 

Ortho 2:4 
Nitranihne Di-Nitraniline 

Full Simile Fair Excellent Very Good 

Tints Poor Poor Excellent 

llesi.stance to Heat 230* F. 230* F. 230* F. 

Ro.».istance to .\cid Poor Good Good 

Re.si.stance to Alkali Poor Good Good 

BIihhIius in Water Slight Slight No 

Bleeding in Oil No Yea No 

Blcetling in Lacquer No Yea No 

Blwding in Synthetic No Yes No 

Specific Giavity 1.80 1.46 1.45 

Bulking \'nluc .06671 .08224 .08278 

Oil Ab.soiption 45.0 39.1 32.0 

Fineness (Res. on 325-mesh)(%) .10 .08 .11 
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I’ahli‘ 26. —Grt’ons. 

Inoifjanic Greens 

/- -C.P. Chrome Greens- -N —Ch ntniiiiiii-^ Paris 

Resistance to Light 
Light Metliuin Deep DP Oxide Hyjlroxide Green 

Full Shade Goo<l Goo<l Go<mI GfMvl Ex. Ex. Ex. 
Tints Fair Fair Fair Fair Ex. Ex. Ex. 

Resistance to Heat 230* F. 320* F. 320* F. 320* F. 230° F. 230* F. 165* F, 
Resistance to Acid Gootl Goo<l Gootl Good Ex. Ex. Poor 
Resistance to Alkali Poor Ptv)r Poor Poor Ex. Ex. Poor 
Bleeding in Water No No No No No No No 

Bleeding in Oil No No No No No No No 
Bleeding in Lacquer No No No No No No No 

Bleeding in S^aithetic No No No No No No No 

Specific Gravity 5.01 4.31 3.41 2 84 6.20 3.2 3.21 

Bulking Value .02390 .027S6 .03520 .041.'5 .02308 .03751 .03740 

Oil Absorption 13.0 20 5 22.3 23 3 10 0 63.0 10.2 

Fineness (Res. on 325-inet^li)(7c) 0.28 .10 .10 .00 .10 .10 .06 

Green Ton< rs 

/- 

Brilliant 
Green 

■ Phospho-Tunj:'>tir 

Brilliant Malarlutr Pigment 

Thioflavine Green Green Gr<‘en B 

Resistance to Light 

Full Shade Ver>' Good Very G<x>d Very Goful Excellent 

Tints Fair Fair Fair Goo<l 

Resistance to Heat 320* F. 320* F. 320* F. 230* F. 

Resistance to Acid Goo<l Good Goo<l GfXid 

Resistance to Alkali Fair Fair Good Very G«Kit 

Bleeding in Water No No No No 

Bleeding in Oil No No No No 

Bleeding in Lacquer Yes Yes No No 

Bleeding in Synthetic Slight Slight Slight Slight 

Specific Gravity 2.63 2.41 2.63 1.47 

Bulking Value .04564 .04080 .04564 .08163 

Oil Absorption 40.9 58.6 38.2 37.2 

Fineness (Res. on 325-mrTsh)(%) .10 .10 .08 .02 
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Table 27.—Blues. 

Inorganic Blues 

r- —Iron Blues— -^ Ultramarine Cobalt 

Chinese Prussian Non-Bronze Blues Blue 
ReHistance to Light 

Full Shade Excellent Excellent Excellent Excellent Excellent 
Tints Good Good Good Good Excellent 

Resistance to Heat 320® F. 320® F. 320° F. 320° F. C
O

 

Resistance to Acid Excellent Excellent F^xcellent Poor Good 

Resistance to Alkali 1*00 r Poor Poor Good Good 
Bleeding in Water No No No No No 
Bleeding in Oil No No No No No 
Bleeding in Lacquer No No No No No 

Bleeihng in Synthetic No No No No No 

Specific Gravity 1.8.5 1.85 1.84 2.33 4.2-4.4 
Bulking Value .06489 .06489 .06523 .05131 .02858-.02729 

Oil Absorption 40.2 57.2 58.0 28.8 36.8-30.5 

Fin€*nr*ss (Res. on 32.vii)e‘<h)(%) .10 .40 .30 .10 .14 

Blue Lakes r— Blue Toners 

Patent Blue ,-Phovpho-Tungstic-^ Monastral 
Pi'acock Victoria Peacock Blue 

Resi.'^tance to Light 

Full Shade Poor Good Good Excellent 

Tints Poor I'air Fair Excellent 

Resi.stnnce to Heat 230® F. 230° F. 320° F. 320° F. 

Resistance to Acid Poor Goo<l Good Excellent 

Ri'sistnnce to Alkali poor (.*<>• M 1 Fair Excellent 

Bleeding in Water .flight No No No 

Hletsling Ml Oil No No No No 

Bleialing in Lacquer Slight Slight Slight No 

Blee<ling in Synthetic Slight Sliglit No No 

Spinlic Gravity 2.02 1.99 2.66 1.64 

Itulking Value .0.5942 .06031 .04513 .07321 

Oil Absorption .57.2 41.0 44.0 25.0 

Fineness (IU*a. on 325-iiie‘>h)(%) .10 .03 .10 .10 

Violets. 

Violi i Toners Violet Lakes Inorganic Violets 

Phospho- 'I'anuic .Aciii 

Tung.stic .Methyl Helio Fast Cobalt Mineral 

MethvI Violet Vu'let Violet A L Violet 

Resistance to Light 

Full Shade Fair Poor GcxhI FlxceJlent Excellent 

Tints I’oor Poor Fvair Good Good 

Resistance to Heat 230® F. 230° F. 230° F. 320° F. 320° F. 

Resistance to Acid Gotxl Poor Poor Good Good 

Resistance to Alkali Good Poor Poor Excellent Poor 

Bleeding in Water No No No No No 

Bleeiling in Oil No No No No No 

Bleeding in Lacquer Slight No Yes No No 

Ble«<ling in Synthetic Slight No No No No 

Spi*cific Gravity 2.24 1.37 1.97 3.77 2.62 

Bulking Value .05359 .08764 .06094 .03185 .04583 

Oil Absorption 37.0 94.6 68.5 16.0 25.6 

Fineness (Res. on 325-mc»h)(%) .04 .10 .10 .10 .10 



174 PRINTING INKS 

Carbon Black 

Manufacture of Carbonaceous Blacks. The methods of producing 
blacks have been divided into five groups by Chamberlin and Rose.^^® 

(1) A hydrocarbon gas, burning in a limited supply of air, is allowed 
to impinge on a cool surface. The channel, disc and roll processes are 
examples of this type. Carbon black is manufactured by these methods. 

(2) A liquid or solid hydrocarbon is burned in a limited supply of 
air. The products of combustion are conducted to a collecting chamber 
where the soot is deposited by reducing the velocity of the gas. Lamp¬ 
black is the carbon obtained by this method. 

(3) A hydrocarbon gas or atomized oil is subjected to high temper¬ 
ature in the absence of air and decomposition into carbon and hydrogen 
thus effected,c.g., Thermatomic process. 

(4) A hydrocarbon gas such as acetylene is exploded in a limited 
supply of air. The carbon is collected by settling or scrubbing.^^^'^ 

(5) Organic materials are subjected to destructive distillation and the 
charcoals and cokes obtained pulverized. Bone black (animal black, 
hard black) is made by the destructive distillation of bones and animal 
refuse. Vegetable black (soft black) is obtained similarly from plant 
matter such as wood or grape husks. Tliese pigments are used in plate 
inks. They are absolutely fast to light, lieat, acids, and alkalies. 

Coal, carbonaceous shale or slate are sometimes pulverized for u.se as 
pigment (mineral black). For example, powder produced by grinding 
brown coal to pass through a sieve of at least 3,500 meshes per sq. cm. 
has been proposed as a pigment for black printing inks.^”^^ Mineral black, 
like all carbonaceous blacks, is stable toward light, heat, acids, alkalies 
and solvents. It is, however, weak tinctorially and very abrasive. 

Blacks obtained by other means have been recommended as pigment 
for inks. Carbon obtained by catalytic decomposition of carbon mon- 

D. S. Chamberlin and A. Rose, Trana. Am. Inat. Chem, Kng., 1929, 22, l.)5. See also, C^irleton 
Ellis, in “The Science of Petroleum/’ Oxford University Prefw, Londf>n, 19.38, \’olujiie 4. II. WaKner 
and O. Hoffman, Facliauaach. Anatrichtechn. Ver. Deut. Ingvn., 1934, 9 (9), 1: Chimiff A Induatric, 
19W, 22f 405; Bnt. Cnevt. Aba. B, 1934, 630; Chem. Aba., 1934, 28f 7039; Rev. Paint, Colour, 
1934, 7, 76; Farheji-Ztg , 1934, 39 (21), 549; Rev. Paint, Colour, Vamiah, 1934, 7, 264. 1. iJroKin, Am. 
Ink Maker, 1930. 14, (7), 17; Chem. Aba., 1930 , 30, 6218; Brit. Chem. Aha. B, 1936, 964; Rev. 
Paint, Colour, Vamiah, 1^, 9, 292. H. M. UaiiKton, Oil Colour Traden J., 1930 . 77, 1400; Rev. Paint 
Colour, Vamiah, 1930, 3, 95. Paint Manuf., 193.5, 5, 348; Chem. Aba., 1936, 30, 629 W. Each. Farhm- 
Chem., 1937, 8, 150; Chem. Aha. 1937, 31, 8956; Rev. Paint, Colour, Vamiah, 1937, 10, 174. G. L. 
Roberta, Paint, Od d* Chem. Rev., 193.5, 97 (11), 22; Chem. Aba., 19.35 , 29, 4956; Rev. Paint, 
Colour, Vamiah, 1935, 8, 284. Farbe u. lAick. 19.30. 35, 42; Rev. Paint, Colour, Vamiah, 1930, 3, 1. 
R, Benerle, Deutacher Drurker, 1835, No. 484, 119; Farben-Chrm., 19.35. 6 (3), 102; Rrv. Paint, 
Colour, Vamiah, 1935, 8, 109. Farben-Ztp., 1919, 25, 449; Chern. Aba., 1920, 14, 6.37. L. V. Venuto, 
Official Digeat Federation Paint Vamiah Production Cluba, 1936, No. 158, 256; Rev. Paint, Colour, 
Vamiah, 1936, 9, 858. 

^The use of dehydrogenatins; catalysts comprising mixturna of iron, cobalt, or nickel oxides with 
other oxide* is *aid to reriuce the temperature required for decomposition to about 450* C. (British 
P. 325,207, 1928, to I. O. Farbcnind. A.-O.; Chem. Aha., 1930, 24, 4127; Bnt. Chem. Aha., B, 1930, 405. 

See Carleton Ellis, “The Chemistry of Petroleum Derivative*," New York, Reinhuld Publishing 
Corp., Vol. 1, 1934, Vol. 2, 1937, for description of this and the Thermatomio processes. 

K. R. Wemer, Farbe u. Lack, 1830, 35, 2; Rev. Paint, Colour, Vamiah, 1830, 3, 6. 
Callmann, British P. 20,830, 1888. 

>^A process calculated to reduce abrasivenets in mineral blacks has been proposed (German P. 
185,282, 1806, to Rudolph Koepp & Co.; Chem. Aba., 1808, 2, 2162). 
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oxide under pressure and at a temperature of about 400° C. is said to be 
a satisfactory pigment.^^^ 

A i)igment for black inks is prepared by treating starch, corn flour 
or other carbohydrate with tannic acid and a ferric salt, e.g., ferric chlo- 
ride.^^“ For example, a solution consisting of 200 parts of carbohydrate 
in 800 parts of water is mixed with 5 parts of tannic acid and 2 volumes 
of 5.0-per cent aqueous ferric chloride solution. The black obtained by 
the reaction precipitates out and may be collected and dried. 

The blacks obtained as by-products in the production of hydrogen by 
pyrolysis of organic compounds sometimes are employed in printing 
inks.^*^^ Also, pyrolysis of soybean oil, pitch from sulphite waste liquor 
or couraarone resin has been proposed for securing black pigments.^ 

Manufacture of Carbon Black. The first factory to make carbon 
black from natural gas on an industrial scale was erected at New Cum¬ 
berland, W. Va., in 1872. In this plant the gas from the gas holder 
passed through pipes to gas jets arranged in a horizontal plane. Directly 
above the jet openings was placed a slab of soapstone pierced with orifices 
to permit escape of waste gases. The slab was covered by a dome or roof 
that was provided with a damper for controlling the ventilation. The 
transverse horizontal scrapers below the slabs traveled in horizontal 
grooves in the lower and opposite side of the dome. At regular intervals 
the scraper removed the deposited carbon black which fell into sheet-iron 
aprons or troughs. From the latter, the black fell through pipes to a 
container. The depositing surface was kept cold by circulating water 
through pans set on the upper surface of the soapstone. 

It was soon shown that no beneficial effect was obtained by artificial 
cooling. Also it was found that cast-iron was superior to soapstone as a 
depositing surface. Metal surfaces are now almost exclusively employed. 
The function of the depositing surface is twofold. In the first place the 
liberated carbon is cooled so that no oxidation changes or agglomeration 
of the particles from too prolonged heating takes place. Secondly, the 
uncooled metal surface maintains the carbon at a temperature high 
enough to free the latter from empyreumatic substances. The tempera¬ 
ture of the depositing surface should not exceed 500° 

In modern carbon l)lack production, the channel process is by far the 
most important, accounting for about 90 per cent of the carbon black 
made in America.’*^ This process first was employed by McNutt in 

British P. 310,977, 1928, to Gtncrnl Carbon-Alpha Co.; Chem. Abs,^ 1930 , 24, 697. 
F. Duke, British P. 131.769, Sept. 24, 1918; Chem, 1920, 14, 35S; J. S. C. 1919, 38, 

834A. 
Sec, for instance, R. Pictet, Oegterr. Chem, Ztg., 16, 9; Chem. Zentr., 1913, 84, 662; Chem. Abi., 

1913, 7, 2667. 
Waldmann, Farbe u. Lae-k, 1937, 238; Chem. Abs., 1937, 31, 6034. 

O. Neal and O. St. J. Perrott, U, S, Bur. Mitica Bull., 1922, 192; Chem. Abs.. 1922, 16, 3174; 
/. S. C. /., 1923, 41, 770 A. 

B. Plummer and T. P. Keller {Ind. Eng. Chem., 1930, 22, 1209), found tl»e optimum tempera¬ 
ture in the manufacture of carbon black from propane to be 516® C. 

Q. fiwald, Brenmtoff-Chem., 1936, 17, 41; Brit. Chem. Abi. B, 1936, 354; Chem. A6s., 1936, 30, 
6143. 
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1892,^^® Natural gas is burned with a controlled deficiency of air in burn¬ 
ers provided with lava tips of various kinds. The flame is directed 
against the underside of steel channels 7 or 8 inches wide, on which the 
black collects. A number, usually 8, of these channels hang side by side 
from trucks which run on overhead rails parallel to the channels. The 
channels are bolted together in lengths as great as 100 feet. The chan¬ 
nels are moved continuously in a longitudinal direction with a recipro¬ 
cating motion over the stationary gas flame. The deposited black is 
removed by scrapers and falls into a hopper from which it is continu¬ 
ously removed, generally by spiral conveyors, and transported to the 
bolting and packing houses. The arrangement of channels is enclosed in 
so-called hot houses. The latter are placed in rows about 15 feet apart. 
The space between houses is reserved for the conveyors which transport 
the product to the packing house. Factories with as many as 60 hot 
houses per packing house are in operation. Grit, scale and hard particles 
in the carbon black are removed by bolting machines. In the latter the 
black is forced through a 45- to 60-gauge steel screen by means of fiber 
brushes. The material which docs not pass through the screen is dis¬ 
carded.^^® 

The source of grit lias been ascribed to the formation of graphitized 
carbon by black which has not been removed during the first scraping 
and which therefore is exposed further to the heat of the flame.The 
amount of grit formation is greatly reduced by (‘iricicnt scraping. 

Other methods in use for producing carbon black arc the rotating- 
disk and the roller or rotating-cylinder processes. In the former the 
carbon is deposited on a cast-iron disk. The disk ranges in diameter 
from 36 inches to 42 inches and has a 50-inch face. Lava tips arc set 
in a circular piece of pipe about 28 inches in diameter and containing 
from 18 to 24 tips. The black is depositefl on the under .^ide of the disk 
which makes approximately one revolution every 15 minutes. A fixed 
scraper removes the deposited black which is collected in a hopper 
radially with the disk. Tlie roller proce.'^s first was employed by Hallock 
and Blood. Although the yield of black in this process is much smaller 
than in the channel or disk {irocess, the black produced has many desir¬ 
able qualities.^®- It possesses extreme length or flow and, despite its 
inferior color, finds frequent application in lithographic, offset and half¬ 
tone inks. The rollers, with an outside diameter of about 8.5 inches, are 
from 3 to 8 feet in length. The burner pipe holding the lava tips i^ 

J. McNutt, U. 8. P. 481,240, Aug. 23, 1892. 

For mcMre details see R. O. Neal and O. St. J. Perrott, U. S. Bur. Minct Bull., 1922, 192; Chem. 
Abt., 1922, 16, 3174 ; 1922, 41, 770 A. R. G. Allen, H. W. Price and K. B. Reinbold, 
Refiner, 1935, 14, 384; Chem. Abi., 1935, 29, 8349 

^See H. J, Wolfe, “Manufacture of Printing and Lithographic Inks,** 2nd Iikl., New York, 
MacNair-Dorland Co., 1933. 

A. R. Blood, U. 8. P. 387,487, Aug. 7, 1888, 
K. Hallock and E. R. Blood, U. 8. P. 205,955, July 16, 1878, Sec also E. R. Blood, U. 8. P. 

269,871, Dee. 16, 1883. 
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placed 3 to 5 inches below the cylinder. The lava tips have a round 
instead of a fishtail or bat-wing opening so that the flame is cylindrical. 
Tiie scrapers for removing the deposited carbon are placed near the top 
of the rollers and run longitudinally the entire length. One revolution is 
made every 15 to 45 minutes. The black which is scraped from the 
rollers is collected in a hopper. 

Manufacture of Lampblack. Lampblack is produced by incomplete 
combustion of raw materials such as tung oil, rosin, creosote oil, naphtha¬ 
lene or tar oils.^^'^ The smoky vapors are conducted from the furnace to 
a settling chamber. The black may be absorbed directly in an ink 
by causing the cooled gases to impinge against a sheet or film of the 
vehicle. 

Iron Oxide Black. Iron oxide black is composed of magnetic black 
fcrro-ferric oxide. It is made by precipitating ferrous oxide by means 
of alkali from a cold solution of a ferrous salt. The precipitate is oxi¬ 
dized by a current of air until the proportion of ferrous to ferric iron (as 
determined by analyses of samples) is within the limits of 1:0.5 and 1:2. 
The product then is filtered, washed and dried in air or in vacuo. If 
dried in air, further oxidation of some of the ferrous oxide is unavoidable 
and must be allowed for. 

The i)igment in which the ratio of ferrous and ferric oxide is between 
1:1.3 and 1:1.0 has been reported best adapted for printing inks.^®^' 
Further, it is recommended that the liquid containing the suspended 
ferrous oxide be heated during the oxidation and that the oxidized 
precipitate, after filtering, be dried with exclusion of air. The latter 
step allows closer control of the oxide ratio in the final pigment. When 
mixed with a varnish the product will print a decided black. 

Iron oxide black has been utilized in plate and stamping inks. To 
these the black imparts characteristics of good flow and easy wiping 
qualities. Its low oil absorj)tion and high specific gravity also make it 
valuable in these inks. 

Iron or chromium oxides were suggested for use in conjunction with 
aniline black,and basic iron gallate and tannate have been recom¬ 
mended for book-j)rinting inks.^^® 

Manganese Dioxide. Precipitated manganese dioxide is a brownish- 
black pigment. It is weak tinctorially but finds occasional use in black 
plate inks in conjunction with bone and vegetable blacks. Manganese 

»*• Seo also H. Koehler, “The Mnnufacture of Lampblack anti Printers Ink from Refuse and 
lU-Productfl'' cOorman), Braunschweig, Germany, F. Viewer A Son, 1912. Y-H Yu, Chemistry 
(China), 1935, 2, 779; Chcvi. Abs., 1936 , 30, 2409; Rev. Paint, Colour, Varnish, 1936, 9, 169. 

L. Miller, U. S. P. 1,765.901, .June 24. 1930, to Ault & Wiborg Co.; Chem. Abs., 1930, 24, 
4176; Brit. Chem. Aba. B. 1930, 781; British P. 280,207, 1927; Brit. Chem. Abs. B, 1929, 196. 

P. Fireman, U. S. P. 802,928. Oct. 24, 1905, to E. Q. Portner: J. S. C. I., 1905, 24. 1180. German 
P. 182,221, 1905; Chem. Aha., 1907, 1, 2333. German P. 189,944, 1905 (Addn. to 182,221); Chem. Abs., 
1908, 2. 1211. 

««P. Fireman, British P. 25,859, 1905; J. S. C. I. 1907, 26, 57. 

See also French P. 357,912, 1905; Chem. Ab$., 1907, I, 666. 

»«J. Schmidlin, British P. 3161, 1879, Chem. Zentr., 1880, 11, 608, 
«F. Kircher and E. Ebnej-, Polit. NotUbl. XXV, 176; Chem. Zentr., 1870, 1, 393. 
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dioxide makes the ink lift well and eliminates gathering trouble. 
Stephan suggested the use of manganese dioxide with an apparent 
specific gravity less than one, either alone or with a fat-soluble blue 
toner. Because it is easily reduced, the manganese pigment also has been 
proposed for bleachable printing inks.^®^ 

Silica Black. Silica black is the product obtained when finely divided 
coal and siliceous material such as diatomite are heated together in the 
absence of air.^®- Jacobson prepared this pigment by heating a mix¬ 
ture of silicon dioxide and finely ground coal in an iron retort at 650- 
1100° C. for 4 hours. The powder obtained was air-floated and graded. 
The finest grade (of three) had an apparent specific gravity of 0.25 and 
contained approximately 18 per cent carbon, 75.5 per cent silica and 6.5 
per cent of oxides, sulphates and silicides. Silica black has a high oil 
absorption, mixes well and has good spreading quality. Experiments 
indicate that it might be used successfully as a pigment for black inks. 

Griine obtained a black pigment by effecting decomposition of soot¬ 
forming carbon compounds mixed with diatomite (kieselguhr) in the 
absence of air. The resulting product is worked up with a binding agent. 

Resinous Black Pigments. Resinous black printing colors are 
obtained by oxidizing tar or tar oils with oxygen in the presence of 
catalysts such as aluminum, iron, vanadium oxide, ferric chloride or sul¬ 
phur chloride. 

Properties of C.\rbon Black 

Results obtained by various investigators and brought together by 
Wiegand and Snyder show that the color intensity of carbon black 
increa.^^es with decrease in particle size. The evidence although indirect 
apparently is convincing. It is impo.^^sible to secure reliable data on 
particle size by direct examination since the f)article diameter of carbon 
black (the average diameter) probably does not exceed 0.1 micron.^^^ 
It was found however that color inteirsity of blacks of the same chemical 
composition increased with increase both in oil absorption and spe- 

K. Stephnn, U. S. P. 1,689,368, Oct. 30, 1928, to Chetni.srlic Fabrik auf Aktien vonn E. Schering; 
Chem. Abi., 1929. 23, 293. 

Italian P. 342,214, 1937, to Fabrics Italiana di Colori cm| inchiostri da Btnmpa; Chem. Zentr., 
1937, 108 (2), 3676; li* v. Paint, Colour, Varm»h, 1938, 11, 25. 

See Science \tw» Ijctters, 1932 , 22, 129; A. P. V. M. Abs., No. 21, 42; Rev. Painf, Colour, 
Vammh, 1933, 6, 96. 

C. A. Jacobson, Ind. Enq. Chem., 1934, 26, 798; Chem. Abn., 1934, 28, 5184; Brit. Chem. .ih$. 
B, 1934, 740. U. 8. P. 1,940,3.52, Dec. 19, 1933; Chem. Ahg., 1934, 28, 155.5. 

Griine, Gentian P. 288,879, 1914 ; Ch, m. .Abn., 1016. 10, 2533; J. S. C. /., 1916, 35, 429. 

^German P. 364,830, 1920, niul addition .367,495, to RUtgernwerkc A.-O.; J. S. C. /., 1923 , 42, 
6I4A, 731A. 

W. B. Wiegand and J. W. Snyder, Ind. Eng. Chem., 1934, 26, 413; Chem. Abi., 1934, 28, 3531; 
Bnt. Chem. Ab». B, 1934 , 486; Rev. Pamt, Coiour, Varmih, 1934 , 7, 171. Sec also If. Hadert. Parbe 
u. Lack, 1928, 33, 118; Rev. Paint, Colour, Vamnh, 1928, 1, 20. H. Nietnitz, Fnrhe u. Lack, 1933, 
No. 10. 115; Rev. Paint, Colour, Varnirh, 1933, 6, 80. F. Besscr, Fnrhe u. Lark, 1933, No. 21, 247; 
Rev. Paint, Colour, Vamiih, 1933, 6, 153. 

See Cnrleton Elba, “Chcmiiitry of Petroleum Dcrivativca,*' New York, Reinhold Puhliahing 
Ck>rp., 2, 1937, 349 and 1, 1934, 245, for a survey of the work done on particle aize megeure- 
ment of carbon black. 

^N. Goodwin and C. R. Park. Ind. Eng. Chem., 1928, 20, 621; Brit, Chem, Abi. B, 1928, 579; 
Chem. Abi., 1928,22, 8803. 
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cific surface.^®® All other data adduced also point to an inverse variation 
between color intensity and particle size.-^® 

As would he expected from what has been said, high-intensity blacks 
are produced by arranging the flames and depositing surface so as to 
obtain minimum particle size. These blacks require for their manufac¬ 
ture a higher ratio of secondary air to hydrocarbon gas, more burning 
tips and closer channel setting. Each increase in color, however, is 
attended with increased oil absorption, increased difficulty in grinding 
and (subsequent to grinding) marked tendencies toward reagglomeration, 
seeding and flocculation. However, it has been noted that high oil 
absorption values of carbon black sometimes are misleading.-®^ Thus, 
alkyd types of varnish were stated to be responsible for losses in drying 
power that often are attributed to the pigment. High-color blacks are 
sensitive to vibration, compression and other manipulations. Such agi¬ 
tation, which results in marked deterioration of color, should be guarded 
against. Wetting down of high-intensity blacks, followed by drying out 
with a view to eliminating entrained air, has been found injurious to 
color. There is a marked improvement in color upon incorporation of the 
blacks into vehicles. The intcaisification of color thus produced depends 
on the vehicle. The surface tension relationshij) between the black and 
the medium is considered by ^^'iegand and Snyder as most likely to be the 
controlling factor, lower interfacial tension corresponding to greater 
intensity. This is substantiated by the fact that an increase in intensity 
is accompanied by lower oil absorption and greater ease of dispersion. 
Greater intensity, greater stability, ease of dispersion and lower oil 
absorption are all concomitant in the case of most carbon blacks. To 
produce these improvements by pretreatment the specific vehicle in which 
the pigment is to be incorporated must be considered. In dispersion of 
carbon black, milling u]) to a certain point improves the color but if the 
operation is carried beyond this point, the color falls off. Excessive 
temperature also operates against the production of full color."®^ 

Volatile Matter in Blacks. Whether a black forms a long or short 
ink depends to a large extent on the amount of volatile matter in the 
black. The so-called ‘‘long” blacks used in making long inks generally 
contain a relatively high i)eroentagc of volatile matter compared to the 

short blacks. 
Freshly prepared mixtures of a long black and a short black in thin 

lithographic varnish appear quite similar.-®^ After a few minutes, how¬ 
ever, the particles of the short black begin to agglomerate into masses of 

Hock, Kautxrhuk, 1928. 4, 266; Chem. Abs., 1929, 23, 1772; Brit. Chem. Abs. B, 1929, 180. 

*»F. Hebler (KoUoid-Z., 1027, 41, 365; Chem. Ab^., 1927, 21, 2566), showed that light absorption of 
graphite <iispersioTis a'<\ luptolicailv approachei.! 100 per cent with dt'cieasing particle mzp. 

F. H. .lours nnd C. R. Watts, OH Colour Trades J., 1937. 91 (2010), 1290; Bcv. Point, Colour, 

Varninh, 1937, 10, 185. 
W n Wirirnnd and .1 W. Snvdcr, Pawt Manuf., 1934, 4 (6), 192; Rev. Paint, Colour, Varnish, 

14, 7, ‘2M. Drlys, O.h, Paints, 1^3, 48 (10), 388; Rev. Paint, Colour, Varmsh, 1933, 6, 291. 

!««Carleton Ellis, “Chemistry of Petroleum Derivatives,” Vol. 1, New York, Reinhold Publishing 
1034 

Corp., 1934, 245. 
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30 to 40 particles loosely held together, and after an hour groups of over 
a hundred have formed. These agglomerates may be broken down by 
grinding but once more coalesce upon standing. The long blacks on the 
contrary do not exhibit this tendency to agglomerate to any marked 
degree. It has been suggested that adsorbed volatile matter tends to 
prevent agglomeration. This conclusion is substantiated by the fact 
that, after treatment with steam at 500® C., long blacks display a decided 
tendency to agglomerate. 

The tinting strength (as contrasted to hiding power or color inten¬ 
sity) of carbon black depends to a large degree on the amount of adsorbed 
gas, the tinting strength being greater for pigments containing a large 
proportion of gaseous impurities.-^® 

Wiegand has correlated the acidity and the volatile matter con¬ 
tent of blacks. The acidity or pH of carbon black is taken as that of 
the sludge obtained when 1 part of pigment is boiled with 3 to 10 parts of 
water for 15 minutes and the supernatant liquid decanted. 

The effect of heat treatment on the pH of Micronex Mark II (a 
rubber-grade impingement carbon black) is shown in Figure 34. In 
Figure 35 are plotted the pH of various carbons against volatile matter 
content. The results seem to show that the pH change produced by col¬ 
loidal carbons is an adsorption phenomenon in which the selective 
adsorption of the particles of the colloid varies as some function of the 
volatile matter content. The higher the volatile matter content the lower 
(more acid) is the pH. 

In Figure 36 are shown the relation of pll values of the different 
carbons to the diphenylguanidine (DPG) adsorption values. The DPG 
values are expressed as per cent of diphenylguanidine removed from a 
solution of 0.1 gm. diphenylguanidine in 50 cc. alcohol, by 1 gin. of carbon. 

The volatile matter from carbon black is chiefly oxygen in the form 
of carbon oxides.^^^ This indicates that oxygen is combined on the sur¬ 
face of the carbon particle in the form of a complex which may be 
expressed by the formula According to this view tlie change of 
pH which takes place after heating may be regarded as due to the 
changes in the amount of the complex associated with the pure 
carbon. Removal of oxygen by heating in the absence of air decreases 
the adsorption activity of carbon toward alkaline substances and instead 
induces a selective adsorption toward acidic material. The adsorption 
characteristics change continuously from alkaline to acidic substances 
as oxygen is progressively removed. The flattening of the pH curves 

»*R. O. Neal and G. St. J. Perrott, U. S. Bur. Mwch Bull, 1022, 192; Chem. Ahs., 1922, 16, 3174; 
/. S. C. /., 1922, 41, 770A. 

*» p. W. Kcarsley and G. n. Roberts, Ind. Eng. Chem., 1931, 23, 835; Chem. Ahn., 1931, 25, 4722; 
Brit. Chem. Abi. B, 1931, 817; Rev. Paint, Colour, Vamigh, 1931, 4, 175. Farbcn-Cfum., 1033, 4 (7), 
249; Rev. Paint, Colour, Varnish, 1933 , 6, 156. 

»»W. B. Wiegand, Ind. Eng. Chem., 1937, 29, 953; Chem. Abs., 1937, 31, 6832. Paint, Vamiih, Prod. 
Man., 1937, 17 (2), 12. India-Rubber J., 1937, 94 (16), 6; Rev. Paint, Colour, Varnish, 1937, 10. 319. 
Kautschuk, 1938, 14, 61; Brit. Chem. Aba. B, 1938, 611; Rev. Paint, Colour, Vamiah, 1938, 11, 258. 

^ C. R. Johnson, Ind. Eng. Chem., 1929, 21, 1288; Chem. Aba., 1930, 24, 692. W. B. Wiegand and 
J. W. Snvder, Rubber Age, 1931, 29. 311; Chem. Aba., 1932, 26, 1717. 

*»T. F. E. Rhead and R. V. Wheeler, J. C. 8., 1913, 103, 461; Chem. Aba., 1913, 7, 2362. 
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Fkjure 34. Effect of Dcactive Heat Treatment on pH of Micronex 
Mark II Carbon (W. B. Wiegand). 
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Figure 35. Effect of Volatile Matter Content on pH 
of Carbon Blacks (W. B. Wiegand). 
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FinruK 36. Relation of Diphenylguanidine Adsorption liidt^x 
and pH of Carbon Blacks (W. B. \Viogand). 
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(Figures 34,35 and 36) at a minimum value of approximately 2.6 suggests 
complete saturation of the carbon surface with CjOy radicals. 

The decrease of pH or increase in oxygen content in general increases 
the stability, ease of dispersion and intensity of the blacks. There is an 
optimum pH value depending on the vehicle employed and the amount 
of dispersing agent present. The use of very low pH (2.6-3.0) carbons 
in inks also involves retardation of drying so that a compromise is some¬ 
times desirable for this reason. 

The color intensification of impingement blacks generally is accom¬ 
plished by heating the carbon in an atmosphere of oxygen. Damon 
heats the black, with continuous agitation, to a temperature (400 to 
425° C.) high enough to increase the oxygen content but below the tem¬ 
perature at which calcining occurs. Wiegand subjects the carbon 
black to controlled oxidation at temperatures ranging from 300 to 
1000° C. The oxygen content of lignite coke is similarly increased to 
improve the properties of the ground product.Lignite distillation resi¬ 
dues are heated to glowing in presence of air. On grinding the heated 
product, a pure black carbon is said to be obtained. Also, the black is 
stated to be easily dispersible in water. 

*»K H Dnmon. U. R. P. 2 00.^022. .Turn* 18, 1935, to (’abot OuiIm.ii f o. ; Chrm. Abs., 1935 , 29, 5231; 
Brit. Chem. Abs. B, 1936, 679; Rev. Paint, Colour, Varnish, 1935, 8, 378. 

«»W. B. Wiegand, U. 8. P. 2,013,774, Rept. 10, 1935; Chem. Abs.. 1935 , 29, 7029. 
2^' K. Bubc and E. Ker.'tlen. Gmnnn P. 647,671, 1937, to Wernchcn-Wciascnfriser Braunkohlin-A.-Q.; 

Chem. Abs., 1937, 31, 8207; Rev. Paint, Colour, Varnish, 1937, 10, 325. 
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Because of its extremely fine state of division, there is considerable 
dust formation in the handling of blacks. To prevent this, various meth¬ 
ods of forming loosely bound non-dusty aggregates, which are more 
readily handled, have been proposed.^^^ For example, lampblack is sent 
through rollers so that non-dust forming flakes are secured.^^^ The addi¬ 
tion to lampblack of up to 10 per cent of tarry material, such as pine 
tar or natural asphalt, also has been recommended as rendering the black 
less dusty without impairing its pulverulent condition.-^^ Another pro¬ 
cedure consists of wetting the black with water and gasoline. The 
latter preferentially wets the carbon so that the pigment collects in the 
gasoline phase. After separation of the water from the gasoline, the 
latter is evaporated to leave the carbon in a granulated form. The prop¬ 
erties of pulverulent black are said to be regained on milling. A similar 
method comprises moistening the black with a liquid such as alcohol, 
benzene or water and milling to form a stiff paste. The latter then is 
broken up and the liquid removed by heating to 400-500° Such 
agglomeration as occurs in the above processes, according to Snyder, 
impairs the color, especially of high-quality blacks. 

Testing of Carbon Blacks. The following specifications have been 
recommended by Neal and Perrott for carbon blacks designed for 
printing inks. 

Chemical Test: 

Moisture: less than 5% 
Ash: less than 0.1% 
Acetone extract: less than 0.1% 

Physical Test: 

Color: must match standard 
Tinting strength: must match 

standard 
Grit: none 

Practical Test: 

The black, when made into an ink, must have satisfactory working 
properties as determined by an actual run on the press. The ink must 
liave satisfactory transfer, tack, color, drying properties and must print 

For nn example of the apparatus emplovctl in Rranulatintj carbon black see E. Billincs and H. H. 
Uffutt, U.S. P. 2,102,054, Dec. 14, 1937, to G. L. Cabot. Tnc.; Chtm. Abs., 1938, 32, 1060; Riv. Paint, 
Colour, Vnrninh, 1938, 11, 147. 

Bunzer, French P. 772,276. 1934; Chem. Zentr,, 1935, 106 (1), 2576; Chem. Abs., 1935, 29, 1596; 
Rev, Paint, Colour, Vanush, 1935, 8, 178. 

Briti.'«h P. 300 610, 1927, French P. 656.765. 1927, to CompaRuie Lorraine de Charbons pour I’^lec- 
tricit6: Chem. Abs.. 1929, 23, 4029; Brit. Chem. Abs. B, 1929, 631. 

*’f’*W. B. Wiegand and L. J. V^’enuto, U. S. P. 1,889.429, Nov. 29. 1933; Chem. Abs., 1933 . 27, 1462; 
Brit. Chem. Abs. B, 1933, 774. British P. 327,979, 1929; Brit. Chem. .4bs. B, 1930, 700; Chem. Abs., 
1930, 24, 5118. Canadian P. 301,071, 1930; Chem. Aba., 1930, 24, 3866. 

British P. 437,647, 1935, to United Carbon Co.; Chem. .\bs., 1936. 30, 2717; Brit. Chem. .\bs. B, 
1936, 135; Rev. Paint, Colour, Varnish, 1936, 9, 76. French P. 779,681, 1935: Chem. Zentr., 1935. 
108 ( 2), 1932: Chem. Abs., 1935. 29, 5610; Rev. Paint. Colour, Varnish. 1935 . 8, 380 Also, G. C. Lewis, 
U. S. P. 1,263,082, April 16, 1918; Chem. Aha., 1918, 12, 1590; J. S. (\ I.. 1918. 37, 383A. 

See Carlelon Ellis, “Chemistrv of Pr(r<*h‘nni Derivati\es.” Vol 2, New Voik, Reinhold Publisli- 
ing Corp., 1^7, for description of olhei methods of granulating earbi>M blaeU. 

W. Snyder, Off. Digest Fed. Paint and Varnish Prod. Cluh.s. 1933, No. 130, 285; Chem. Abs., 

1934, 28, 915. 
a">R. O. NenI and G. St. J. Perrott, U. S. Bur. Mines Bull., 1922. 192, 65. 
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Courtesy Chemical Metallurgical Engineering 
Courtesy J. M. Huber, Inc. 

Figure 36A. Carbon Black Being Packed (I. Drogin). 

a sufficient number of pages per pound.^-® There must be no separation 
of oil and pigment and no offset or smutting. 

The moisture content is determined by heating a sample of the black 

for 1 hour at 105° C. in circulating dry air. No bad effects are experi¬ 
enced in general with blacks containing up to 5 per cent water. The 

moisture regained in a saturated atmosphere varies from 4 per cent for 

^ One pound of black can print about 4,000 pages of newsprint; Carlcton Ellis, loc cit., 250. 
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news ink blacks to 30 per cent for high-quality blacks and, in the 
case of Royal Spectra, may be as high as 60 per cent.^^^ Warm, dry 
storage and moisture-proof packing in transit are important for car¬ 
bon blacks. 

The ash content is determined by ignition at 750° C. (a cherry-red 
heat). An ash content greater than 0.2 per cent indicates that the sample 
is probably adulterated with mineral black or charcoal. 

The method of determining extractable matter suggested by Goodwin 
and Park is as follows: One to two grams of air-dried black are placed 
with 3 or 4 gms. of diatomaceous earth in a double-thickness Whatman 
thimble, folded down and wired shut. The thimble is placed in an 
Underwriters^ apparatus and extracted continuously with xylene for 
5 days. The extract in the flask is dried overnight at 56° C. and weighed. 
In the opinion of these investigators the amount of extractable matter 
stands in no relation to the quality of the black and it is furthermore 
practically impossible to determine the total amount of extractable 
matter. The test, for these reasons, is regarded as of little importance. 

The physical tests arc described in Chapter 17. The presence of grit 
may be determined by rubbing a portion of the black under the finger 
or by placing a small portion on the tongue and rubbing it between the 

tongue and the palate. 
Dispersion of Carbon Black. The ease of dispersion and stability in 

polar liquids of carbon blacks may be increased by treatment of the 
black with an alkali sulphite.-^ The black is mixed and heated with a 
1- to 10-pcr cent solution of sodium sulphite in a polar liquid medium, 
€.().<, water or alcohol. The carbon is separated by filtration and diied. 
Stable dispersions in water also are obtained by addition of 2 to 6 per 
cent (i)ased on dry carbon) of a soluble salt of the condensation product 
of 1 mole of formaldehyde and 2 moles of j3-naphthalenesulphonic 
acid or an alkvlatcd product of the latter.-^® The color, luster and 
gloss as well as stability of blacks in non-aqueous printing ink media are 
enhanced by treatment of the black with alkaline-earth naphthenates.-^® 

«1F. D. Cranor ami h. J. Venuto. Am. Ink Maker. 1932, 10 (11), 9 and 10 (12). 17; Chem. Abs., 
1933 . 27, 2589; Rev. Paint, Colour, Vamii^h, 1932, 5, 292. 

W. B. Wiegand and J. W. Snydor, Can. Chem. Met., 1931, 15, 265; Chem. Ahs., 1932. 26, 564. 

22* J. W. Snyder, Off. Digest Fed. Paint and Varnish Prod. Clubs, 1933, No. 130, 285; Chem. Abs., 

U hw been recommended that carbon black for t^naport by aea be mixgl with « ml 
to obtain a paste which doca not absorb moisture, .Y'a oa?’ 
19,485, 1934; Chem. Zentr., 19.35, 106 (2). 134; Rev. Pamt, Colour, Famish, 1935 , 8, 287. 

*26 N. Goodwin and C. R. Park, Ind. Eng. Chem., 1928, 20, 621. . , ^ .. -o,- 
»»W F Tuley, U. S. P. 1.818.770, Aug. 11. 1931, to Naugatuck Chemical Co.; Chem. Abs., 15W1, 

25, 5684‘; Brit. Chem. Abs. B, 1932, 490. . i Ah. 
WG R T.irker U S P 2 046.757, Julv 7, 1936. to Dewey and Almy Chernical Cm; Chem. Abs., 

1938.S), 6^40; Cunaln 1935; Chem. Abs., 1936, 30, 1469; Rev. Pamt, Colour, Famish, 

R. Tucker, U. S. P. 2,046,758, July 7, 1936. to Dewey and Alinv Chemical Co.; Chem. Abs., 

193^M rBri«olar«. K I.. 

Colour, Varnish, 1936, 9, 182; Chem. Abs., 1936, 30, 5376; Brit. Chem. .4b«. B, 1936, 485. 
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Courtesy Sowers Manufacturing Co. 

Figure 37. Dopp Seamless Jacketed Kettle with Motor Driven Double-motion 
Positive-scraping Agitator for Mixing Printing Inks. C.-ipucity 3.50 (Gallons. 
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The carbon black is suspended in a 1- to 10-per cent aqueous solution of 
a soluble naphthenate. An insoluble alkaline-earth naphthenate is pre¬ 
cipitated onto the carbon by addition of the corresponding alkaline-earth 
salt. After filtering, washing and drying, the* carbon is ready for dis¬ 
persion in the ink medium. However, it has been stated that utilization 
of excessive quantities of naphthenates results in a poor film on drying.^^^ 
The naphthenic acid salts were said to have a plasticizing effect upon the 
carbon film. 

Dispersion 

The mixing and grinding of pigment and vehicle to secure a stable 
dispersion of the former in the latter constitutes the last step, and one of 
the most important, in the production of a printing ink. The main factor 
governing the stability of a dispersion is the degree of wetting of the 
solid by the medium or the affinity between the two phases. The degree 
of wetting is determined by the energy relationships at the liquid-solid 
interfaces. The energy associated with an interface is known as the 
surface energy. 

The isothermal, reversible formation of an interface between two 
j)hases is attended with an increase in energy equal to the sum of the heat 
absorbed and the work d(»ne in creating the interface. The work done 
equals the free energy increase and is proportional to the area of interface 
formed. Tlie term ‘Tree surface energ>^’^ (E) y will be restricted in this 
discussion to the free energy per unit area. 

If the phases are designated by the subscripts x and y, the free sur¬ 
face energy may be expressed as It is numerically equal to the 
interfacial tension. Free surface cnerg>' is potential energy and exists 
as a strain arising from the unbalancing of the cohesive forces at the 
interface. Thus a molecule in the interior of a phase has, over a period 
of time, a resultant of zero acting on it. A molecule near the bounding 
surface, on the other hand, has re.^ultant force acting normal to the inter¬ 
face.-'^^ The free surface energy of a material in contact with a vacuum 
is equal to one-half the cohesive energy of a substance; for if the sub¬ 
stance is divided at a plane to form two new surfaces of unit area each, 
the work done against cohesion equals the increase in free energy of the 
body, namely 2E. 

If the equal surfaces of a liquid and a solid in contact with air arc 
brought together to form a liquid-solid interface, the decrease in free sur¬ 
face energy will be E,a + J^hi -~Ey,j where the subscripts s, /, a, stand for 
solid, liquid, and air ]>hases respeelively. Tins quantity is defined as the 

=«» F. R. .Tones ntul C. 11. W;itts. (hi Colour Tni,hs J., 19:T7. 91 (2010V 1290; Rev. Palut, Colour, 
Varnish, 1937. 10, m. 

See II. S. Willows nnd K. HMt.schek, "Surface Tension and Surface Energy," 3rd Ed., London, 
J. and A. Chtirchill, 1923, and 11. L. Sulman, Trams. Inst. Mining and Metallurgy, 1919-20, 29, 44, for 
complete discussion. 
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Courtf ^fj f>ou'crn Manufartnrivq Co. 

Figure 38. View of Dopp Seamless Jacketed Kettle after Discharging Mixing Batch. 

^'work of adhesion.’' In incorporating solid particles in the bulk of a 
medium however, the ^‘work of immersion” is a measure of the energy 
change. This quantity (id) which is popularly referred to as the “adhe¬ 
sion tension,” the name given it by Freundlich,-^- is defined by the 
equation: 

A = E,a-E,i 

and is equal to the loss in free energy per unit area of particle surface, 
when the solid is incorporated in the vehicle. The adhesion tension may 
alternately be defined as the difference between the surface tension of the 
solid and the interfacial tension between liquid and solid. A method of 
determining adhesion tension has been described by Bartell and 
Osterhof.^^*' 

The greater the free energy decrease when a solid is dispersed the 
greater will be the stability of the suspension. The adhesion tension, 

H. Freundlich, “Colloifi and Capillary Chfimiatry,” Now Vo»k, K. P. Dutton A Co., 1926, 157. 

«F. E. Bartell and H. J. Oslerhof, Ind. Sng, Chem., 1927, 19, 1277; Chem. Abi., 1928, 22, 823. 
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Courtfy National Engineering Company 

Figure 39. Simpson Intensive Mixer for Preparing Inks. 

equal to the loss in free energy, is therefore a direct measure of the 
degree of wetting of the solid by the liquid. 

A suspension will be most stable in that liquid which shows the high¬ 
est adhesion tension for the solid. From the above equation it is seen 
also that a high interfacial free energy for a given solid indicates a low 
adhesion tension. The addition of a wetting agent to the liquid results 
in a lowering of the interfacial tension, an equal increase in the adhesion 
tension, and consequently in greater stability of the suspension. The 
interfacial free energy is lowered by adsorption of the wetting agent on 
the solid particles, forming particles whose effective surface consists of 
molecules of the wetting agent. The latter therefore must show affinity 
for both the solid and the liquid medium. 

Wetting 

The function of a wetting agent is twofold: to hasten initial dispersion 
and to render the resulting system more stable. The wetting agents 
generally used in printing inks are soluble in the vehicle.^^^ They are the 
so-called polar-non-polar molecules containing a strongly polar group, 
such as the carboxylic or sulphonic acid radical, attached to a non-polar 

See Chapter 5 for detailed description of wetting agents. 



190 PRINTING INKS 

organic residue of high molecular weight, e.g., the fatty and unsaturated 
acids, naphthenates, lecithin and tung oil (glycerides). The polar groups 
are attracted to the surface of the solid, leaving the organic end directed 
away from the solid into the medium in which it is soluble. The orien¬ 
tation of a fatty acid is traditionally compared to match sticks with their 
heads, corresponding to the carboxyl group, attached to a sphere (the 
particle), and with the stem (hydrocarbon chain) extending radially out¬ 
ward. The disposition of the more complicated molecules is not defi¬ 
nitely known in most cases. After more or less complete formation of a 
monomolecular film, the wetting agent in most cases is adsorbed fur¬ 
ther but presumably in a more random manner, since the monomolec¬ 
ular layers have been found to correspond to the greatest degree of 
dispersion.^^® The amount of acid necessary to procure a monomolecular 
layer may be calculated, provided the mean size of the particles and the 
effective cross-sectional area of the molecule are known. The weight of 
palmitic acid required for blanc fixe may be roughly calculated as illus¬ 
tration. Assume a mean particle size of 0.75 micron (7.5xl0~® cm.); 
then the minimum surface area, corresponding to spheres, is 1.77x1 O'* 
cm.yg. (density of blanc fixe = 4.5 g./cm.^). The area occupied by an 
oriented molecule of a fatty acid is 21x10 crn.-,-'^^ so that 1.39xl0~® 
gm. mols of fatty acid or 0.0036 gm. of palmitic acid are required. This 
figure agrees closely with experimental results.-^^ 

Dispersion in Oil Media 

In a dispersion of pigment in a drying oil, a layer of adsorbed mole¬ 
cules of the medium is oriented on the pigment particles. If a wetting 
agent is added to the medium before or while incorporating the pigment, 
however, the agent will be adsorbed more or le.ss preferentially to form 
a more stable system than would be obtained with pigment and vehicle 
alone. Another method of securing a layer of adsorbed wetting agent is 
to treat the pigment with the latter before incorporation in the medium 
(pretreatmentj. Apparently no hard or fast rule can be made regarding 
the relative merits of pretreatment and incorporating the wetting agents 
in the medium. Campbell says that in jiractice it is generally more 
effective to dissolve or disperse the wetting agent in the oil medium rather 
than attempt pretreatment of the powder. Price,on the other hand, 
states that the addition of wetting agents to the medium (oil) has little 
effect on the ease of dispersion. 

»3See C. W. Price, /. Oil Colour Chem. A$noc., 1938, 21, 03; Chem, Ahn., 1938, 32, 9523. 

»«C. W. Price, loc, cit. and K. N. Kathju, Paint, Oil, Chem. Rev., 1937, 99 (8), 30; Chem. Ab»., 
1937, 31, 7208. 

*9^ N. K. Adam “The Physics and Chemistry of Surfaces,” 2nd Ed., Oxford, Clarendon Press, New 
York, 1938. See 1. Langmuir, Proc. Nat. Acad. Sci., 1917, 3, 251; Chem. Ahs., 1917, 11, 2422; 
/. A. C. 3., 1917, 39, 1848 for a report of the fiist determinations of these quantities. 

»»See C. W. Price, loe. eit. 
*•0. A. Campbdl, syrnposium, “Wetting end Detergency,” London, A. Harvey, 1937. 

«« C. W. Price, loc. cit. 



PIGMENTS 191 

Wetting agents suggested for aiding dispersion of pigment in vehicle 
include alkali, ammonium or organic-base salts of high-molecular weight 
unsaturated acids.^'*^ For example, the triethanolamine salt of eleostearic 
acid was utilized to effect dispersion* of pigment in stand oil. 

Many methods of pretreatment have been proposed. Thus, the pig¬ 
ment may be milled with a benzene or gasoline solution of the wetting 
agent. Monomolecular films are obtained by using the calculated amount 
of dispersing agent.-^- Pigments such as lithopone and zinc sulphide may 
be coated with fatty acids and esters by adding the water-insoluble agent 
in the form of an emulsion during wet milling of the pigment or by spray¬ 
ing the pigment during the dry disintegration.^**'^ Another method com¬ 
prises passing hot oxidized fatty acid vapors over the pigment or 
treating the latter with unoxidized fatty acid in an (inert) atmosphere 
of carbon dioxide.^^® Zinc oxide is coated with an acid such as lauric acid 
by vaporizing the pigment and the acid and condensing them together.^^® 

In carrying out the pretreatment processes, polar compounds of low^er 
molecular weight must be excluded since they are more strongly attracted 
to the pigment surface and will be adsorbed selectively in contrast to the 
more useful long-chain compound.^"*^ 

Grinding 

The grinding or milling of vehicle and pigment has two purposes, 
namely, separation or breaking down of aggregates or agglomerates of 
pigment particles and establishment of intimate contact between the 
pigment particles and the medium. For realization of these objects both 
shearing and crushing action must be exerted. The most common mills 
producing this action and used in the grinding of inks arc the ball, roller, 
buhrstonc and edge runner mills. 

Dispersion of dry i)igmcnts in a liquid may be accomplished without 
the usual milling by passing mixtures of pigments and vehicles through 
tubes at speeds above their critical velocity.-^® Another method com¬ 
prises dispersing the pigment in a gaseous medium, displacing the latter 
with the vapor of the vehicle and condensing the vapor.-**® 

•*iA. Chwala, French P. 780,799, 1935; C/iem. Abs,, 1935, 29, 6081. 
K. N. Knthju, loc. cit.', British P. 406,513, 1934, to Week and Co., Ltd.; Rev. Paint, Colour, 

Varnish, 1934, 7, 269; Brit. Chem. Aha. B. 1934, 371. 
2*3 See, for example, W. F. M(M>ter. U. S. P. 2,113,539, April 5, 1938, to United Color and Pigment 

Co.; Chrm. Ahs., 1938. 32, 4363. O. F. A. Stutz, British P. 429,553, 1935, to New Jersey Zinc Co.; 
Chem. Ahs., 1935, 29, 7101. Cnniulmn P. 351,382, 1035; Chem. Abs., 1935, 29, 6445. 

***J. T. Baldwin, U. S. P. 1,946.052, Feb. 6. 1934, to Sandura Co.; Chem. Abs., 1934 , 28, 2552. 
2*3 H. 11. Minor, U. S. P. 2,067,060, Jan. 5, 1937, to Industrial Process Corp.; Chem. Abs., 1937, 

31, 1528. 
2*«A. C. Fide, U. S. P. 1,997,925, April 16, 1935, to American Zinc, Lead and Smelting Co.; 

Chem. Abs., 1935 , 29, 3863. 
2*^ H. Samuel.s, Official Digest Federation Paint and rarn»>/j Production Clubs, 1937, No. 164, 91; 

Chem. Abs., 1938, 32, 8801. 
2*3 W. 8. Calcott and I. Williams, U. S. P. 2,021.143. Nov. 19. 1935, to E. I. duPont de Nemours 

A Co.; Chem. Abs., 1936, 30, 548; Brit. Chem. Abs. B, 1936, 816. 
»*»E. C. de Stubner, U. 8. P. 2,086,997, July 13, 1937; Chem. Abs., 1937 , 31, 6490; N. P. V. L. Abs., 

1937, No. 50, 134. 
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Flushing 

The flushing (fleshing) process, in which a water-wet pigment is trans¬ 
ferred directly to an oil-wet condition, provides a method of obtaining 
dispersions which avoids both drying and pretreatment of pigments. In 
the production of wet colors, the water-wet cakes are put in a mixing 
machine and a definite amount of vehicle is added and, if necessary, 
a wetting agent. Hydroxyalkylaminessuch as triethanolamine^®^ 
and alkylamines containing at least one alkyl group having more than 
3 carbon atoms have been proposed for facilitating water-to-oil trans¬ 
fer. The mass is mixed at optimum temperature, the pigment and vehicle 
forming a paste from which the water is displaced; stirring is continued 
until the water is clear, after which it is poured off. The paste is heated 
to a safe temperature and vacuum-dried to remove last traces of 
moisture. The paste obtained is reduced with additional vehicle and 
thinners to the desired composition.-®® 

Flushed colors, since they are made with pigments which have not 
been dried or ground, are relatively freer from agglomerates and in gen¬ 
eral show better dispersion than dry colors.^®'^ Comparison of dry and 
flushed colors has shown the latter on the whole to be superior in gloss 
and tinting strength. Dry colors on the other hand exhibit, as a rule, 
better covering power. Dry ground light and medium chrome yellow 
and chrome green also are superior in light-fastness to the corresponding 
flushed colors. 

In vacuum-drying the residual moisture content of the oil paste may 
be closely controlled. This is an important virtue of the flushing process 
since a small amount of moisture improves the flow and stability of dis¬ 
persions in bodied linseed oil.^®® The saving in time and power costs is 
another virtue of the flushing process of not inconsiderable importance 
to the ink-maker,^®® 

The use of a pigment-oil paste rather than the pure vehicle has been recommended; J. D. 
Todd and M. Silverman, U. S. P. 1,986,029, Jan. 1, 1935, to Sherwin-Williams CJo.; Chem. Abs., 
1935, 29, 1209; Bnt. Chem. Abs, B, 1935, 1103. 

F. Guenther, F, Teller, C. Iramerheiser and B. Zschimmer, U. S. P. 1,802,174, April 21, 1931, 
to I. Q. Farbenind. A.-Q.; Chem. Abs., 1931, 25, 3497. 

C. Holton Canadian P. 321,477, 1932, to Sherwin-Williams Co.; Chem. Abs., 1932, 26, 3391. 

i**’'L. W. Ryan and E. K. Fischer, U. S. P. 2,126,925, Aug. 16, 1933, to Interchemical Corp.; 
Chem. Abs., 1938, 32, 8174. British P. 469,559, 1937, to United Color and Pigment Co., Inc.; 
Chem. Abs., 1938, 32, 814. 

®*C7. H. Samuels, J. Oil Colour Chem. Assoc., 1938, 21, 171; Chem. Abs,, 1938, 32, 7291. 

2«See K. M. Sprinkel, Paint, OU Chem. Rev. 1937, 99 (8), 40; Chem. Abs., 1937, 31, 7268; Brit. 
Chvm, Abs. B, 1937, 809, and H. Cajar, British P. 219,562, 1923; Brit. Chem. Abs. B, 1924, 797; 
Chem. Abs., 1925, 19, 739. See also Q. B. Palmer, U. S. P. 1,339,219, May 4, 1920; Chem. Abs., 
1920, 14, 1903; J.S. C.I., 1920, 39, 460A, for one of the tirst reports of the flushing process used in 
llio production of reflex blue. 

®«K. M. Sprinkel, loc. cit. 
St. Louis Paint and Varnish Prod. Club; Paint, OU Chem. Rev., 1938, 100 (22), 82; Am, 

Paint, J., 1938, 23, 8, 25 (Oct. 26); Chem. Abs., 1939, 33, 414. J. J. Flannery and J. J. McCormick 
(Detroit Clubb Am, Paint. J., 1938, 23, O>nvention Daily 6, 24 (.Oci, 25); Chem, Abs., 1939, 
33, 413. 

**J. Mattiello, Dissertation “A Study of the Flow. Dispersion and Livering Characteristics of 
Pigments and Pastes Made With Linseed Oils,** Columoia Univ., New York, 1936. 

Samuels, loe, eit. 
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Various modifications of the process outlined above have been pro¬ 
posed. Grinding of the water paste and vehicle instead of simple mixing 
has been recommended.-®® In another process ^®' the aqueous paste is 

frozen and the frozen pulp shaved to produce a snow-like mass. The 
latter is agitated with oil or varnish while raising the temperature of the 
mixture to the melting point of ice, and the liberated water eliminated. 
Another process -®- comprises passing the vapors of the displacing liquid 

into the aqueous paste. Water and displacing fluid are distilled off 
together, the latter collected from the condensate and the cycle repeated 
until all the water has been displaced. 

Transfer of pigment from water to oil may be accomplished by adding 
an emulsion of oil in water to an aqueous suspension of the pigment. 
Upon coagulating the protective colloid {c.g., casein) the oil separates 

carrying the pigment with it.-®® In another process ®®^ the oil is emulsi¬ 

fied with an aqueous pigment paste by means of water-soluble, fatty acid 
soaps such as sodium oleate. The emulsion is destroyed by adding a salt 
such as barium chloride which precipitates the emulsifier, and the oil 
containing the pigment settles out. Lithographic pigment may also be 
made into a water-soluble form,®®® the water solution of it emulsified in 

oil, and the insoluble form then regenerated. The latter step may be 
accomplished, for example, by adding a water solution of a precipitating 

agent to the emulsion. 

Dreyfus, Canadian P. 330,812; Chem. Zentr., 193,106 (1), 3206; Ilev. Paint, Colour, Var¬ 
nish, 1935, 8, 178. R. R. Denslow, A, M. Erskine an<l iS. C. Homing, U. S. P. 2,1M,515, April 5, 
1939, to E. I, duPont de Nemours A Co. 

Dourif, U.S. P. 2,067,906, Jan. 19, 1937; Chem. Abs., 1937, 31, 1642; Rev. Paint, Colour, 
Varnish. 1937, 10, 152. 

«*E. C. de Stubner, U. S. P. 1,955,738, April 24, 1934; Chem. Abs,, 1934, 28, 4255; Rev. Paint, 
Colour, Varnish, 1934, 7, 266; Brit. Chem. Abs. B. 1935, 161; N. P. V.L, Abs., 1934 ( 28), 195. 

H. Grossman, U. S. P. 1,696,034, Dec. 18, 1928, to W. S. Pritchard; Brit. Chem. Abs. B, 1929, 
566; Rev. Paint, Colour, Varnish, 1929, 2, 179. 

A. J. Shroeder, U. S. P. 2,112,222, March 22, 1938, to Interchcrnical Corp.; Chem. Abs., 1938, 
32, 3991; Rev. Paint, Colour, Varnish, 1938, 11, 275; Nat. Pamt Bull., 1938, 2 ( 5), 17. British P. 
452,5^, 1936, to International Printing Ink (^orp.; Chem. Abs., 1937, 31, 1234. 

A. J. Hailwood, A. Sheperdson and A. Stewart, British P. 326,516, 1928, to Imperial Chemical 
Industries, Ltd.; Chem. Abs., 1930, 24, 4944. French P. 680,695, 1929; Chem. Abs., 1930, 24, 4103. 



Chapter 7 

Typographic Inks—Drying-oil Types 

Although typographic printing was invented in the fifteenth century, 
inks similar to those used in printing from type were made considerably 
earlier. Samples of prints from engraved stone blocks, found in China 
and originating in the 10th century, show that the ink consisted of a 
carbonaceous black pigment mixed with an oil.^ In the 15th and 16th 
centuries, when the art of printing was spreading throughout Europe, the 
printer usually mixed his own inks. These were often very lightfast, 
since various prints well preserved up to the present show very little 
signs of fading. Towards the middle of the 17th century, it became the 
usual practice for printing inks to be made by inkmakers, and not by 
printers. Particularly the Dutch and English were engaged in the indus¬ 
try of ink manufacture. 

Presses 

Of the throe general methods of printing—typography, lithography 
and intaglio—the most extensively used is typography.- This type of 
printing is applied to publications having a large circulation, which com- 
l)rise newspapers, magazines, books, as well as cards, folders, cartons, 
covers and wrappers. Printing is done with hand-driven or automatic 
machines from a metal type-plate, which bears in relief the character or 
design to be printed. Instead of metal type plates, printing may be done 
from plastics types. The material used is a thermoplastic resin which is 
cast by a linotype machine in the same way as with metal type.^ Presses 
are of widely varying design with regard to construction and speed. As 
a consequence, inks must be compounded to fit properly the conditions 
furnished by the character of work. 

Typographic presses arc classified according to their construction in 
three types: platen, cylinder and rotary presses. A characteristic of 
each variety is, as already mentioned, that the paper is pressed against 
a “printing form” which consists of the assembled types (i.e.j letters, 

^ F. L. Burt, “Printing Inks, Their History, Composition and Manufacture”; The Inland Printer, 
1919, 64 (2), 190. See also Thaddeus Davids, “The History of Ink," New York, Th. Davids & Co., 
1860. 

* Typography is the process of printing with types. 
Lithography is a printing method involving the oinplox'ment of stone or metal plates on which 

the figures are very slightly raisrd or not raise<l «t all. Distribution of ink depends upon repulsion 
of the “greasy" ink employed from the water-wetted non-printing areas and attraction of ink by 
the "greasy" printing areas. “Greasy" is defined as water-repellent. (St'o: Chapter 9.) 

Intaglio is a printing process in which engraved plates are used. (See: Chapter 10.) 

*See H. R. Simonds, “Industrial Plastics," New York, Pitman Publishing Corp., 1939. 

195 



196 PRINTING INKS 

punctuation marks and spaces) cast in relief and fastened together by a 
frame. The paper to be printed is supplied either in single sheets or as a 
continuous web which runs off a roll. The platen press prints a single 
sheet by pressing the entire form against the sheet at the same moment. 
Single sheets of paper are printed on a form of cylinder press also,'* but 
the paper is pressed to the form by means of a cylinder which rolls along 
the sheet while the latter is laying on the type-frame. These two types 
of presses are so-called fiat-bed machines, i,e., the paper is pressed against 
a flat form. The rotary press has a plate cylinder, around which the 
curved printing form is fastened. A second cylinder, called the impres¬ 
sion cylinder, presses the paper, which is supplied either in single sheets 
or in the form of a continuously running web, against the plate cylinder. 

Paper 

The paper used in typographic printing varies from hard-sized, super- 
calendered papers, such as cardboard, to highly absorbent, unsized news¬ 
paper material. Since the finished print is the result of a combination of 
paper, press and ink, any one of these factors cannot be chosen inde¬ 
pendently of the remaining two. For example, a certain kind of ink 
may be satisfactory on one type of press with a particular paper, but if 
these two are replaced by other presses or papers, various troubles may 
arise which make the use of that kind of ink difficult or even impossible. 
The fluidity of inks should increase with the speed of the press, since the 
time in which the paper picks up ink is less at increased speed of printing. 
When printing on stiff, hard and non-absorbent papers, the printing plate 
or impression cylinder should be applied with greater pressure than 
normal or usual, in order to secure proper adherence of ink to the surface 
of the paper. Also, in printing on such papers, inks should not be very 
fluid, since the increased pressure would squeeze it out under the edges 
of the printing form. As a consequence, such papers are usually printed 
on a platen press ^ on account of its lower speed.® 

Cylinder presses are those most frequently used, and with them a 
wide variety of papers is printed. Cheaper grades of paper, such as 
employed in newspaper printing (less sized, very absorbent stock) are 
used with rotary presses. 

Properties Required in Inks 

A good ink must possess several properties in order to satisfy printing 
conditions set by press and paper. Factors which are relevant to these 
requirements are viscosity, tack, drying time and the tendency of the ink 

* A cylinder prea a printing machine in which the impressions are made from plates or typo 
laid upon a flat surface (or bed) which usually moves backward and forward, under a rotating 
impression cylinder. ' 

‘A platen preu (bed-and-platen press) is one in which the paper and form are both on flat 
surfaces. 

«8ee Chapter 18 which discusses paper. 
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to smear or offset. Drying time is defined as the time required for the 
composition either to penetrate the surface of the paper or to dry to a 
hard permanent film. The printing compositions should be adaptable, 
in some instances, to overprinting with colors or varnish. The inks must 
not penetrate to the opposite side of the printed page (“strike through^O 
or cause transparency of the paper as a result of oily materials present 
in the ink (“show through*^ • 

To secure an ink possessing the requisite properties, proper selection 
of the ingredients is necessary. An important ingredient of printing inks 
is the coloring matter for pigment) dispersed in a vehicle, which car¬ 
ries the pigment from the type to the paper. In typographic inks the 
coloring matter usually consists of solid particles of a pigment, or mix¬ 
tures of pigments, incorporated in the vehicle, in which it is insoluble. 

Drying-oil Vehicles 

The preparation of the vehicle is one of the most important of the 
various stages of printing ink manufacture.’^ Inks with drying-oil vehicles 
have been made for a very long time. During the earlier stages of the 
development of typographic printing, the English and Dutch inkmakers 
were especially noted for the vehicles mentioned above. Both used lin¬ 
seed oil as the basic ingredient, but there were of course differences in the 
method of preparation and in the selection and quantities of substances 
which were employed to adjust the properties of their inks.® 

Moxon,® who probably wrote the first extensive treatment on the art 
of printing, considered the Dutch method as the better one. He states that 
the Dutch in making printers^ varnish used old linseed oil only, which 
eventually was admixed with a small proportion of rosin. The English 
used a relatively large amount of rosin. Also British linseed oil was often 
not sufficiently aged, which circumstance, it is held, sometimes caused 
yellowing of the inks. Furthermore, the English practice, in order to 
save on the cost of inks, was to admix train (whale) oil with the varnish, 
thereby causing clogging of type and slower drxdng. Also, due to its 
“fatness.” train oil is reported to cause offsetting and to render prints 
“dull and unpleasant to the eye.” Other differences between the English 
and Dutch methods of this period were that the English did not boil and 
burn linseed oil as long as the Dutch did, so the oil remained greasy and 
dried more slowly. The Dutch clarified their varnish more thoroughly 
than the English, by boiling the oil with litharge and straining it before 
the admixture of pigment. However, the Dutch inkmakers usually left 
the addition of pigment to the printer. The English method included the 
admixture of a pigment, which was mostly lampblack, with the hot or 

The various types of vehicles nre discussed in Clinpter 3. 

» F. L. Burt, The Inland Printer, 1919, 64 (2). 190. 
® J. Moxon, “Mochanick Exercises on the Doctrine of llnndy-work.s App^><*d to the Art of Print- 

ine/* a literal reprint of the first edition, published in the year 1683; "The Typothetae of the 
City of New York," 1896. 
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boiling varnish, but the amount of the former was, according to Moxon,^^ 
often insufficient, so that the ink when printed was too pale, and hence 
more pigment had to be added by the printer. 

The procedure followed by Dutch inkmakers in preparing printers^ 
varnish consisted, as described by Moxon,^^ in boiling “old’’ linseed oil in 
a kettle (filled half full only to avoid danger of fire by scumming) until 
a scum began to rise and then adding (in small portions) about half a 
pound of rosin for every gallon of oil. When all the rosin dissolved, the 
oil was ignited and burned until it was sufficiently heavy. The consistency 
of the oil was judged by testing the stickiness of a drop between two 
fingers. To clarify the product, about an ounce of litharge per four 
gallons of oil was added; then the varnish was cooled and strained. It 
w’as stored for a considerable period of time before use, since the longer 
a varnish was stored, the less likely was the ink to turn yellow when 
printed.^^ 

During the 18th century, linseed oil and nut oil were regarded as the 
most appropriate for printing purposes. According to Fertel and 
Breton,rape oil and hemp oil were used for low-priced books. Breton 
says: “The ink that is used for printing books is a mixture of oil and 
black. The oil is converted into varnish by boiling, and the black is 
extracted from pitch resin. 

In more recent times the treatment of linseed oil was improved. Also, 
other drying oils were introduced, for example vegetable drying oils such 
as tung (China Wood), soybean and perilla oils. Rosin oils are now 
widely used for the purpose of lowering the cost of production of inks.^® 
In addition to these, animal drying oils, such as menhaden oil (a fish oil) 
are being employed as printing ink vehicles. 

The drying oil is now boiled, usually in a closed metal kettle, until it 
becomes thick and sticky, and in this state it is used as lithographic 
varnish. Its consistency is regulated by varying the temperature and 
duration of heating. According to viscosity tests made with the Gardncr- 
Holdt viscosimeter, lithographic varnishes are classed in various grades 
as shown in Table 28. The grades more frequently employed in printing 
inks are those from No. 00 to No. 3. However, thinner or thicker grades, 
than those just mentioned, may be employed, depending on special 
requirements. The selection of the right grade of varnish depends largely 
on the press and paper used. For example, in [)rinting on a hard, non- 
absorbent paper such as bond paper and using a platen press, lithographic 
varnish No. 2 or 3 will be satisfactory, but for printing on a smoother 

i*J. Moxon, loc. cit. 
Moxon, loc. cit. 

^S«e Chapter 2 for furth«*r liLstorical infonnation. 
W. Sava^, “On the Preparation of Printing Ink,” Lonclon, Lonfl^nan, Rcos, Onur. Brown, 

Green and Longman, 1832. Fertel's* Method of Preparing Printing Ink and Lampblack, 1723. 

M. Breton’s article in the Encj/clopSdie Mithodique, 1751; W. Savage, loc. rit. 

»*F. L. Burt, The Inland Printer, 1919, 64 (2), 190. 
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Tabic 28.—Classification of Lithographic Varnish.’® 

No. 
Vi.«»co8ity Viscosity 
(poises) No. (poises) 

000 1.8 4 62.1 
00 4.8 5 120.0 
0 8.0 6 200.0 
1 14.4 7 
2 23.5 8 1250.0 
3 34.0 

paper, such as onanK'l stock with the same })ress, the appropriate varnish 
is No. 00 or No. 0.^^ 

The proportion of pigment and varnish determines the consistency of 
an ink. Short ink is one in which the percentage of pigment is relatively 
high, whereas an ink with low pigment concentration is termed long ink. 
However, the same consistency may be secur(‘d by varying cither the pig¬ 
ment content, or the viscosity of the varnish. Also, the amount of oil 
absorbed by the pigment is of importance. For example, an ink com¬ 
posed of four parts of English vermilion and one part lithographic var¬ 
nish No. 2 has a consi.'^tency similar to a composition made with one part 
of carbon black and three parts of No. 1 lithogra])hic varnish.When 
(Muploying i)laten jn’essc's, a short thick ink will work well on pressure- 
resistant, non-absorbent Mirfaces. However, if this printing composition 
were replaced by one composed of l(‘ss j>igment and more varnish, mottled 
impressions would be produced. The excess varnish causes spreading 
which results in uneven pigment distribution. Again, the working con¬ 
ditions, c.g., pai)er and speed of press, decide what pigment concentra¬ 
tion and kind of varnish will be desirable.’^ 

On non-absorbent surfaces, where the ink should dry to a hard film, 
a rather short and thick comi)Osition will be required, but in absorption¬ 
drying inks, such as are (‘m]doyed with cheaper grades of paper, the pig¬ 
ment concentration may be held relatively low. Stiff inks, but still of 
sufficient length for proper distribution on the typo plate,-® are used for 
carton covers and also for bond paper printing. Inks of thinner body 
and lower strength of color are usually employed with high-speed presses 
for news and poster printing. 

Tt has been suggested-^ that train oil (whale oil)-- together with 
anthracene oil and asphalt be used as a vehicle for printers^ ink. An 
example of such an ink is one containing 40 parts of pitch or asphalt, 
45 parts of anthracene oil, 3 to 15 parts of an aniline color (soluble in 
aniline), 10 parts of a lubricating soap, and 8 parts of Greenland train 
oil, mixed at a temperature of 140 to 176® C. 

IT. A. Gardner, “Physical and Chemical Examination of PainUs, Varnishes, T^acquers and 
Colors,” 8th Edition, Institute of Paint and Varnish Research, Washington, D. C., 1937, p. 5M. 

H. K. Rice, Paint. OH Chem. Rev., 1935, 97 (13), 15; Chem. Ab»., 1935, 29, 5380; Rev, Paint, 
Colour, Vamieh, 1935, 8, 306. 

IT. E. Rice, lor. cit. 
*".Se«: Chapter 18. 

E F. Nurse, Pajtrr d Print, 1937, 10, 166; Rev. Paint, Colour, Varnish, 1937, 10, 413; Chem, 
Zentr., 1937, 108 (2). 2268. 

^ H. Gunther, British P. 2868. 1882; J. S. C. /., 1882, 1, 182. 
The odors of these inks arc objectionable. 
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Vehicles from Rubber 

Inks containing vehicles derived from rubber have been employed for 
some time. It is reported that as early as 1872 an ink of this sort was 
in common use in Germany.^3 This product is said to have been prepared 
by first making a rubber varnish, by grinding together 5 parts of linseed 
oil and 1 part of rubber, and then incorporating pigment.^^ Advantages 
mentioned for this product were a better covering power and greater 
economy (lower cost of production) than was afforded by the usual lin¬ 
seed oil and pigment mixtures. Also, the rubber may be passed through 
a colloid mill until the particles have reached colloidal dimensions.^® The 
ground material then may be incorporated in a linseed or tung oil vehicle. 

Millar has prepared ink vehicles by distilling and simultaneously 
agitating waste vulcanized rubber, such as disintegrated rubber tires. 
In Figure 42 is shown an apparatus for distilling rubber for utilization 
in printing inks. The rubber is distilled at a temperature of 525° F. until 
a condensate free from water is secured. This procedure destroys any 
fabric present and decomposes the rubber. Steam, at a temperature of 
475° F., is blown through the liquid residue to remove objectionable pun¬ 
gent matter. The cooled carbonaceous still residue contains from 25 to 
35 per cent carbon and may be ground to form a printing ink. Drying 
oils or toning materials may be added as necessary. It has been 
stated that compositions of this type have the disadvantage of causing 
rubber printing plates to swell. 

Another procedure involves finely grinding scrap rubber and then 
treating it with sulphuric acid to destroy any fabric which may be 
present.-® The acid is neutralized with sodium hydroxide, and tlie liquor 
is extracted with heated crude oil. Treatment with sulphuric acid may 
be omitted, however, and extraction with heated crude oil may be applied 
directly to the disintegrated rubber. To the filtered extract (in crude 
oil), pigment, rosin-wood oil varnish, China Wood oil,*"^® and magnesium 
oxide are added. The mixture is ground to the proper consistency. 

It has been suggested®^ that a vehicle be manufactured by heating 
together, to the vulcanizing temperature, a mixture of linseed or other 
drying oil, and a solution of rubber in gasoline. In some instances, the 

^ Deutscher Farber-Consum-Vereine, Afustcr-ZrUunfr, 21, 6; Chrm. Zentr., 1872 , 3, 58. 
Rubber inks are u.'?ually slow diyinR. 

»A. Davies. British P. 421,820, 1934; Rev. Paint, Colour, Vnrnii^h, 1935. 8, 246. 

»C. F. P. Millar, U. S. P. 2,125,683, Aug. 2. 1938; Am. Ink Maker, 1938, 16 (10), 43. French P. 
810,299, 1937; Chem. Aba., 1937, 31, 8964; Rev. Paint, Colour, Varmah, 1938, 11, 54. British P. 
444,683, 1936; Chem. Aba., 1936, 30, 6586. 

^ Ton^i are organic pigments containing no inorgnnir pigiiients or inorganic carrying bases. 
(Webster’s New International Dictionary of the Engli.Hh Language, G. and C. Mcrriam Co., Spring- 
field, Mass., 1939.) 

«R. A. Crawford, U. S. P. 2,120.393, June 14, 1938, to B. F. Goodrich Co.; Chem. Aba., 1938, 32, 
W)83; Rev. Paint, Colour, Varniah, 1938, 11, 36,5. Cannflian P. 374,102, 1938, to B. F. Goodrich Co.; 
Chem. Aba., 1938, 32, 6484. 

»L. C. Neale, French P. 664,554, 1928: Chem. Aha., 1930. 24, 979. German P. 555,174, 1928; Chem. 
Abe., 1932, 26, 5220. British P. 321,558, 1928; Chem. Aba., 1930, 24, 2903. U. S. P. 1,856,035, June 28, 
1932; Chem. Aba., 1932 , 26, 4486. 

•®The drying rate will increase as the per cent of tung oil increases. 
«H. Plauson, British P. 393,575, 1933; Chem. Aba., 1933, 27, 6021. 
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Figure 42. Diagrammatic Sketch of Apparatus for Preparing Liquefied Rubber. 

rubber may be vulcanized before admixture with the drying oil, and 
oxidized tar oil may be used instead of linseed oil. Albertol resins, sul¬ 
phur, anti-agers and other modifying agents may be introduced. 

Vehicles for drying-oil inks have been prepared by heating caout¬ 
chouc, latex, balata, or scrap vulcanized rubber at atmospheric pressure 
or higher and at a temperature of at least 250° C. Thus, crude planta¬ 
tion rubber or crepe rubber (in an oil-fired kettle equipped with an agi- 

“U. A. Crawford, U. S. P. 2,120,393, June 14, 1938, to B. F. Goodrich Co. R. A. Crawford and 
I), n. Forman, Am, Ink Maker, 1939, 17 (3), 2l; Rubber Age, 1938, 43, 281; Chem, Ab$., 1938, 32. 
8206. 
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Courtesy Miller Printing Machinery Company 

Figure 43. Side View of Miller A\itoni:itic Cylindt r Prcs.s. with Inker Rolled Back 
to Expose Form Rollers. 

tator and an air-cooled reflux condenser) is decomposed thermally at 250 
to 260° C. and atmospheric pressure, whereby the rubber is converted 
into a liquid which is removed as quickly as it is formed. Upon cooling?, 
the composition, which is designated as ‘iiquefied rubber,’' has the con¬ 
sistency of molasses. The product is mixed in the following proportions 
to give an ink: '‘liquefied rubber/’ 100 parts; ink black, 50 parts; petro¬ 
latum, 10 parts; montan wax, 4 parts; castor oil, 15 parts. 

The latter process may be modified in that superatmospheric pressures 
and hydrogenating or reducing catalysts arc employed. To illustrate, 
100 parts by weight of crude plantation rubber arc placed in an autoclave 
with 264 parts of normal hexane and 10 to 15 parts of an active nickel 
catalyst. Air in the autoclave is swept out with the aid of hydrogen, 
and a pressure (of hydrogen) of 1000 pounds i)cr square inch is main¬ 
tained throughout the heating operation. A temperature of 300° C. is 
used, and hydrogenation is carried out for two hours, which results not 
only in the liquefaction of rubber but also in a considerable reduction of 
its degree of unsaturation. The hexane is evaporated and the residue 
compounded as follows: "liquefied rubber,” 100 parts (by weight); alu¬ 
minum powder, 50 parts; wool grease, 7 parts. 



Courtesy Miller Printing Machinery Company 

FiciUHE 44. Enel View of Miller Automatic Cylinder Press with 
Fountain Blade Dropped. 

The advantages mentioned for these inks are that they are stable, pro¬ 
duce good detail, and will not skin. Crawford calls the compositions 
‘liquefied rubber inks'^ and the vehicle “liquefied rubber.” These inks, 
however, are slow-drying in some instances. 

Other solvents such as na])htlia may be used, or the ink may be 
applied to rubber goods and then vulcanized.^^ 

Modifying Agents 

Besides changing tlie proportion of coloring matter and body of the 
varnish, consistency and working qualities of inks may be adjusted by 
addition of various substances. These are binding agents, thickeners 
and thinners and are often designated as modifying agents.^** Incorpora¬ 
tion of such materials promotes a change in density or in tackiness and 
smoothness of the ink film. Substances such as beeswax, which decrease 
the tendency to offset, as well as driers which accelerate setting and dry¬ 
ing of the ink film, may be incorporated into the composition. 

The sub.stances em|doy('d as binding agents may form homogeneous 

** For vulcanized inks, see Chapter 15. Rubber compositions with volatile solvents are discussed 
in Chapter 8. 

For a more detailed discussion of modifying agents, see Chapter 5. 
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molecular mixtures with the bodied oil. The vehicles thus prepared are 
approximately a solution of the admixed substance in the oil. However, 
the admixed material may be insoluble in the oil, in which case the bind¬ 
ing agent is more or less colloidally dispersed in the latter. Binders are 
used to produce a change in the viscosity of the varnish, to attain a certain 
fluidity on the press, and to promote penetration of the paper, where such 
properties are required. For example, stearin pitch, a residue from the 
distillation of fatty acids, was used with drying-oil varnish, but has not 
proved entirely satisfactory in improving distribution qualities and elimi¬ 
nating stickiness of ink. A frequent addition to lithographic varnishes is 
gilsonite, an asphaltite, the use of which is stated to allow the incorpora¬ 
tion of an increased proportion of pigment (carbon black) without other¬ 
wise changing the character of ink.®® 

Petroleum oil or pitch,®® shale oil®'^ (the crude tar from bituminous 
shale), pitch from peat tar,®® Vaseline or grease, paraffin or other mineral 
waxes ®® are employed as modifying agents for lithographic varnish. 
Some waxes are used to diminish offsetting and impart scratch-proofness 
to the printed ink film, the latter being required for inks printed on 
extremely hard papers, e.g.^ flint paper, or cartons, such as tea cartridges.**® 

A too heavy or too soft varnish may be thinned or thickened, 
respectively, by raw oil or thin varnish, or by heavier varnish. Raw 
linseed oil, turpentine oil, menhaden oil, or vegetable tar oil may 
be used for this purpose. As plasticizing agents and to prevent exces¬ 
sive fluidity of ink on the paper, salts of unsaturated fatty acids 
with two or more double bonds may be used. Fatty acids occurring in 
vegetable or animal drying oils are suitable. For example, triethanol¬ 
amine salts of linoleic or eleostearic acid (obtained from linseed oil) or 
of clupanodonic acid (from fish oil) may be incorporated into drying-oil 
varnish.Solid powdered minerals and inorganic materials are employed 
as thickening agents. These also may eliminate the use of driers, since 
some of them are reported to possess drying properties, e.g,, finely pow¬ 
dered oyster shells.**® Other substances for similar purposes arc: colloidal 
graphite,** which may be mixed (before adding to the varnish) with 
gelatin, glue, or similar hydrophilic substances; charcoal from cocoanut 
shells or peat;*’'" or finely divided carbon.*® 

»H. E. Ricp, Paint, Oil, Chem. Rev., 1935, 97 (13), 15; Chem. Abs., 1935 , 29, 5680; Rev. Paint, 
Colour, Vamigh, 1935, 8, 306. 

»Farben-Ztg., 1938, 43, 302; Brit. Chem. Abt, B, 1938, 552. 

•’D. T. Ogilvy, British P. 18,533, 1897; /. 8. C. I., 1897, 16, 1012. 
* J. W. Lcadbcatcr and W. A. Towlcr, British P. 228,996, 1923; Chem. Abn., 1925, 19, 3027. 

»S. Horii, Japanese P. 90,5.95, 1931; Chem, Abs., 1931, 25, 4724 ; Rev. Paint, Colour, Varnish, 1931, 
4, 250. 

F. Nurse, Paper and Print, 1937, 10, 166; Chem. Zentr., 1937, 108 (2), 2268; Rev. Paint, 
Colour, Varnish, 1937, 10, 413. 

G. M(,teKi and K. Asakura, Japanese P. 31,189, 1917; Chem. Abs., 1918, 12, 231. 

«A. Chwala, French P. 780,799, 1935; Chem. Abs., 1935, 29, 6081. 

"F. J. Baumgardner, U. S. P. 1,234,264, July 24, 1917; Chem. Abs., 1917, 11, 2619. 
G. Dewsbury and A. Daviet, U. 8. P. 2,014,760, Sept. 17, 1935; Chem. Abs., 1935, 29, 7678. 

J. W. Leadbeater and W. A. Towler, loe. eit. 
*« M. Wolff, Dutch P. 1424, 1917; Chem. Abs., 1917, 11, 1758. 
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Courtesy Mdltr Printing Machinery Company 

Figuue 45. Top Side View of Miller Automatic Cylinder Press with Inker 
Half Rolled Back. 

Modifying agents of vegetable origin have been used almost since the 
beginning of typographic printing. Rosin was commonly added to lin¬ 
seed oil in making printing varnish.^^ A composition made by Baskerville, 
which is described by Hansard,includes boiled linseed oil admixed with 
a small quantity of black or amber rosin and lampblack. Savage also 
used rosin as a regular addition to printing inks. The same authority 
recommended natural balsams such as balsam of Capivi (copaiba) or 
Canada balsam as substitutes for linseed oil.**® Rosin, as well as other 
natural and synthetic resins, is employed to increase tackiness of inks to a 
sufficient degree and to secure a hard ink film. These properties are 
especially required of inks to be used in printing on smooth-surfaced, 
hard and non-absorbent papers.®® 

As early as 1845, Clark suggested that rosin be mixed with either 
asphalt, pitch, turpentine, balsam, linseed oil, caoutchouc or bitumens. 

See Noxon’a description of the preparation of printers’ varnish by Dutch inkmakers in the 
17th century. 

«T. C. Hansard, "Typographia,” London, 1825. W. Savage, “On the Preparation of Printing 
Ink,” London, Longman, Keea, Orme, Brown, Qreen and Longman, 1832. 

W. Savage, loc. cit. 

“H. E. Rice, Paint, Oil. Chem. Rev., 1935, 97 (13), 15; Chem. Ab$., 1935, 29, 5680; Rev. Paint, 
Colour, Varnish, 1935, 8, 806. 



206 PRINTING INKS 

or with any combination of those niatcrials.'^^ Pigment was admixed with 
the vehicle, produced from the above-mentioned ingredients, in sufficient 
quantity to yield an ink possessing the requisite color. Such composi¬ 
tions indicate an early use of rosin as a binding agent and protective 
colloid in American inks. 

A special composition containing treated linseed oil is employed for 
work with roller presses. “Aqueous matter” is said to be removed from 
the drying oil by heating vigorously a mixture of 40 gallons of linseed 
oil, 7 pounds of zinc sulphate, 7 pounds of litharge, 7 pounds of red lead, 
and 7 pounds of manganese dioxide.^- The warm product is mixed with 
pigment and an equal quantity of Vaseline, ^\4lcn the product has 
cooled to 110° F., a jelly is formed by the addition of 1 per cent of fir 
balsam and 10 per cent of linseed oil. At room temperature benzine is 
admixed with the cold composition to give the desired consistency. This 
is an example of the use of so-called “prepared” linseed oil. 

Soap is sometimes used in printing inks in order to produce clean, 
sharp impressions and to prevent clogging of the type. Its use was intro¬ 
duced early in the 19th century. Savage cites the first instance in which 
soap was incorporated in a printing ink. This composition was prepared 
by admixing a pint of boiled linseed oil (also burned for a short time) 
with 2 pounds of black rosin and 1 pound of hard soap."^'^ Curd soap or 
metallic soaps, such as soaps of magnesium or aluminum, have been 
employed as swelling agents."’^ An ink, said to be relatividy resistant to 
water but not to alkali, may be prepared by adding coloring matter to a 
fused mixture of a drying oil, wax, resin and soap. 

Other modifying agents of vegetable origin are the distillation i)rod- 
ucts of rosin, such as rosin oil,^*'^ or turpentine (also known as turpentine 
oil).^® Also polymerized pinene or other polymerized terpenes of the 
empirical formula CJoH.^2 are employed. These, when used with a stand 
oil from tung oil, are reported to yield an ink film free from ofTsetting.^^ 
Rowley used rosin oil thickened with cottonseed pitch and with lamp¬ 
black as coloring mattcr.^^ 

Residues separated in the recovery of glycerin from s[)ent lyes, in soap 
making, are suggested by Quick as a base for printing ink.'*^ These resi¬ 
dues, if acid (from fatty acids) arc neutralized by boiling with alkali. 
Following the latter operation, the resulting products may possess suffi- 

BIE. aark, U. S. P. 4102. July 5, 
W. G. FutTth, U. S. P. 437,588, Sept. 30, 1890, to Redding Ink and Duplicator Co. 

“Encyclopedia Britannica, Sixth Eilition, article on “Ink.” W. Savage, loc. cit. 

8. Sakairi and M. Uchiyama, Japanese P. 111,522, 1935, to Nisahin Soihun K. K.; Chem. Abs., 
1936, 30, 2411. 

wj. W. Leadheater and W. A. Towlcr, British P. 228,906, 1923; Chem. Abs., 1925, 19, 3027; 
H. E. Rice, loc. cit, 

S. Ilorii, Japanese P. 90,585, 1931; Chem. Abs., 1931, 25, 4724; Rev. Paint, Colour, Varnish, 
1931, 4, 250. 

E. Stnusser, French P. 743,787, 1933, to N. V. Handel Maatsrhappij “Baver”; Chem. Abs., 1933, 
27, 4107; Rev. Paint, Colour, Varnish, 1933, 6, 265; Gennan P. 571,856, 1933; Chem, Abs., 1933, 
27, 4428. 

“ J. Rowley, British P. 2854, 1864. 
»A. 8. Quick, British P. 547, 1914; Chem. Abs., 1915, 9, 1849. 
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cient body to serve as a base for printing ink, in which case they are 
ground together with carbon black. In the event that the neutralized 
residues are not sufficiently viscous, thickeners such as barium sulphate, 
calcium sulphate, kaolin, kieselguhr or chalk are added to produce the 
desired consistency, and the mixture then is ground with carbon black 
pigment. Incorporation of lithographic varnish with the material secured 
by the above treatment produces a printing ink. In one instance, it was 
suggested that Prussian Blue and barium sulphate (blanc fixe) be ground 
in glycerol. The dispersion then was blended with a mixture of glycerol 
and turkey red oil to furnish a printing ink.^® 

Alkaline mucilage, obtained in the refining of cottonseed oil, has been 
used, together with the acid tar, or sludge from mineral oil refining, to 
form vehicles for printing inks. Also, in conjunction with the acid tar, 
the residuum from sulphuric acid refining of linseed or rapeseed oil may 
be used. Enough of the acid ingredients are employed to neutralize the 
alkaline cottonseed oil mucilage.^^ Subsequent to neutralization, mineral 
acid is added in sufficient quantity to cause separation of fatty matter 
from the liquor. The latter is removed by decantation, and the fatty 
matter is dried by heating, and then is used as the basis of printing ink. 
Resins are admixed with the fatty matter and the mixture is boiled until 
a product is secured having sufficient body to be used in a printing com¬ 
position. Ink is produced by grinding carbon black with this resinified 
mass. 

It is reported that black printing ink may be prepared with tar from 
wood distillation as one of the ingredients.®- An example of such an ink 

•OR. W. Hwhstetter, U. S. P. 928,915, .July 20, 1909, to Ault & Wiborg Co.; C/irm. Abs., 1909, 
3, 2389. 

«A. G. Wass, British P. 23,231, 1900, to British OU and Cake Mills Ltd.; 1901, 20. 
1005. 

•• Q. Motegi and K. Asakura, Japanese P. 31,189, 1917; Chem. Abs., 1918, 12, 231. 
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is one made by heating tar (from wood distillation) in an iron vessel for 
5 hours at 100 to 120° C. and afterwards transferring the product to a 
cooling vat where hemp oil and lampblack are added. The whole is 
mixed to a uniform consistency and then filtered under pressure.^^ 

Synthetic resins which are found to be applicable in the preparation of 
drying-oil inks include oil-modified phenolics or those prepared from 
phenols, formaldehyde and dr>dng oils;®** those resulting from the inter¬ 
action of substituted phenols (e.g., phenylphenol) and formaldehyde;®*'^ 
and drying-oil-modified resins of the glycerol-phthalic anhydride type.®® 
Some inks are said to contain approximately twice as much resin as 
drying oil. 

Anti-skinning agents are substances which reduce the oxidation of the 
ink in the container to a minimum, without, at the same time, seriously 
slowing down the rate of drying of the material in the film form.®^ Some 
of these substances are catalysts, such as guaiacol, while others are sol¬ 
vents such as dipentene. Dipentene is considered by some inkmakers to 
be the best anti-skinning agent. However, methycyclohexanol and pyro- 
catechol are reported as being satisfactory for this purpose. 

A suggested improvement for increasing the adhesive properties of ink 
is to employ a composition containing 4 pounds of litharge, 2 pounds of 
lead acetate, and 40 gallons of linseed oil.®^ This mixture is heated at 
600° F. for 48 to 65 hours. Heating eliminates ^‘greasiness’’ from the 
linseed oil. Four pounds of gum copal are added to each gallon of the 
heat-treated product, which then becomes ^'prepared linseed oil.'’®® The 
latter is employed to make a news ink by mixing together 15 pounds of 
prepared linseed oil, 10 pounds of rosin (common), 2 pounds of brown 
rosin soap, and 5.5 pounds of lampblack. 

A thinner for typographic ink may be composed of varnish, sweet oil 
and balsam. An illustrative example of such a product is said to contain 
1^ quarts of varnish, TJ quarts of copaiba balsam, 1 gill of Japan drier, 
and li quarts of sweet oil.^® Another composition may be composed of 
1 gallon of kerosene, 1 pint of sulphuric ether, 2 ounces of oil of sassafras, 

and 2 ounces of oil of cloves.*^^ The oil of sassafras and oil of cloves are 
employed to mask the odor of the kerosene which forms the bulk of the 
thinner. 

•• Presumably a coarse filter is used. 

«British P. 408,688, 1934, to Bakelitc Corp.; Chem. Aha., 1934, 28, 6001; Brit. Chem. Aba. B, 
1934, 546. 

®E. C. Shuey, U. 8. P. 2,073,229, March 9, 1937, to Bakelitc Corp.; Chem. Abs., 1937, 31, 3311. 
® Canadian P. 348,646, 1935, to Canadian Industries, Ltd. ; Rev. Paint, Colour, Varnish, 1936, 

9, 242; Chem. Zentr., 1936, 107 (1), 5022. E. H. Callahan, Canadian P. 332,858, 1933; Rev. Paint, 
Colour, Varnish, 1933, 6, 2W; Chem. Aba., 1933, 27, 4428. E. Knebel, A. Hugel and II. Steinmeycr, 
German P. 591,456, 1934, to I. G. Farbenind. A.-G.; Chem. Aba., 1934, 28, 2553. 

®L. Light and T. II, Barry. Official Printing Ink Maker, 1934, 12 (3), 10. 
* C. A. Thompson, U. 8. P. 12,733, April 17, 1855. J. Ro.ssman, Am. Ink Maker, 1930, 8 (8), 21; 

(9), 23; (10), 27; (12), 27; 1931, 9 (1), U. 

®*Trepared linseed oil'* ia one which hoe been heated with litharge and other chemicals. 

Fisher, U.S.P. 730,897, June 16, 1903. 
no. M. Stanehfield, U.S.P. 869,969, Sept. 13, 1887; J. Rossman, loc. cit. 
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Driers 

Inks which do not dry entirely by absorption or by penetration into 
the surface or which harden too slowly by oxidation to allow a certain 
speed of printing are admixed with driers, i.e.y substances which catalyze 
the oxidation of drying oils. Compounds of the type possessing these 
properties are lead, cobalt and manganese soaps, usually linoleates and 
naphthenates,*^^ lead borate and manganese borate.'^^ In some instances, 
particularly when linseed oil is the liquid vehicle, lead stearate may serve 
as the siccative.'^^' However, “negative’^ catalyzers may also be 
employed, e.g,, phenols.*^® 

Paste driers may be used in inks, in some instances, in order to pre¬ 
vent caking on the press. A lead paste drier may be incorporated in inks 
for cover printing. For very hard covers, cobalt drier is stated to be the 
more suitable.*^*^ 

The amount of drier employed is important. It is reported that the 
addition of more than 15 per cent of drier, whether it be cobalt linoleate, 
cobalt resinate, paste or other type, will not hasten the drying of inkJ^ 
Most drying-oil inks, it is stated, cannot be made to dry in less than an 
hour and a half, no matter how much siccative is added. The common 
linseed oil inks used for printing require, on an average, 4 to 8 per cent 
of a good concentrated drier.®^ 

Pigments 

The pigment content of typographic inks depends upon the special 
use of the ink.®^ For hard, non-absorbent surfaces such as bank or bond 
paper, a relatively high percentage of pigment should be employed. A 
still higher pigment content is required in compositions for printing 
carton covers. For newspapers and posters, inks possessing a relatively 
lower percentage of pigment will be satisfactory, since such kinds of 
papers absorb the ink very rapidly.®^ 

For the preparation of a black ink, lampblack probably was the first 
pigment employed. However, this has been replaced to large extent, if 

WW. F. Harrison, Imi. Eng. Chem., 1933 , 25, 378; Chem. Abs., 1933 , 27, 2316; Rev. Paint, Colour, 
Vanu.'^h, 1933, 6, 135. 

'T^A. Ciiwaln, French F. 780,799, 1935; Chem. Abs., 1935, 29, 6081. 
7* A. S. llnmnge, U. S. P. 1,004,078, Sept. 26, 1911, to Clieiiuc.al Development Co ; Chem. Abs., 

1912, 6, 302. 
A siccative is a drier. 
10. Strn.'SvSer, Frencli P. 743,787, 1933, to N. V. Handel Maatsc.happii “Haver”; Chem. Abs., 1933, 

27, 4107; Rev. Paint, Colour, Varni.sh, 1933, 6, 265. German P. 571,856, 1933; Chem. Abs., 1933, 
27, 4428. 

E. F. Nurse, Paper and Print, 1937, 10, 166; Chem. Zej\tr., 1937, 108 (2), 2268; Rev. Paint, 
Colour, Varnish, 1937, 10, 413. 

Ink Maker, 1939, 17 (3), 29. 

^ Percentage based on weight of ink. 
’*0 H. G. Kricgol, “Encyclopedia of Printing Lithographic Inks and Acces!?ories,” New York, 

Superior Printing Ink Co., 1932. 

See Chapter 4. 
*®The properties of pigments used in printing inks are di.s«u‘i-,>d in Chapter 6. 
“ E. F. Nurse, Paper and Print, 1937, 10, 166; Rev. Paint, (.'olour. Varnish, 1937. 10, 413; Chtm. 

Zentr., 1937, 108 (2), 2268. 
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Courtesy C. B. Cottrell d* Sons Co., Claybourn Division 

Figure 46A, Two-color High-speed Rotary Press, 35'' X 47". 

not entirely, by carbon or gas black, which may be obtained in various 
shades of black, depending upon the process used in its manufacture.^"* 
Incorporation of either pigment into the vehicle or ink composition may 
be accomplished by grinding,®^ and by the addition of wetting agents. 

Preferential wetting of moist pigments by ink vehicles often furnishes 
the basis of a simple and relatively inexpensive grinding operation 
whereby the pigment is dispersed in the liquid medium.^** After the pig¬ 
ment is precipitated in water and filtered, it is pressed into firm, hard 
cakes. The latter then are ground with a vehicle (e.g., linseed oil) and 
during this operation become completely wetted by the oily liiiuid. 
Water, which is thus displaced, can be removed during the grinding 
process. Dispersion of the pigment is said to occur without the simul¬ 
taneous formation of particle agglomerates. In some instances, how- 

** For a (liflcusaion of the manufacture of carbon black, see Carleton Ellis, “'I'lie Chemistry of 
Petroleum Derivatives,” New York, Reinhold Publishing Corp., Vol. 1, 1934, and Vol. 2, 1937. 

See, for example, .\I. Wolff, Dutch P. 1424, 1917; Chem. Abs., 1917, 11, 1758. 

•• W. F. Harrison, Ind, Eng. Chem.. 1933, 25, 378; Chem. Abs., 1933, 27, 2310; Rev. Paint, Colour, 
Varnish, 1033, 6, 135. See also S. R. Hoohstetter, U. S. P. 1,119,900, Dec. 8, 1014; Chem. Abs., 1915, 
9, 248; J.S.C.I., 1915, 34, 92. 
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ever, the pigment may exhibit no preferential wetting by either li(iui(i, 
i.e., water or oil. In such cases addition of a small percentage of a wet¬ 
ting agent (e.g., lead oleate) will eslal)lish preference fur the oily vehicle. 

In place of grinding, dispersion of the pigment (lampblack or ctirbon 
black) can be effected by agitation of the latter in the hot varnish imme¬ 
diately after the boiling or cooking operation is completed.Another 
procedure involves passing steam into a mixture of oil (linseed, shale, or 
petroleum), resin (e.g., rosin) and black in a closed vessel to which is 
attached a condenser.^® When an apparently homogeneous product is 
formed, it then may be conducted through a suitable strainer or filter to 
rerhove undissolved non-dispersed particles. A modification of the prior 
method involves simultaneously heating and agitating the mixture of 
vehicle and pigment.®^ Burning of the liquid ingredient is prevented by 
placing in the bottom of the heated container an alloy having a low melt¬ 
ing point. An example of such a metallic composition is one consisting 
of 1 part of lead and 2 parts of tin, which melts at ISO'^ C. The melting 
point may be raised by increasing the proportion of lead, or it may be 
lowered by addition of mercury or bismuth. In some instances the alloy 
can be replaced by a saturated acpicous solution of calcium or magnesium 
chloride. 

Jakosky prepares a suspension of carbon in oil (e.g., a hydrocarbon 
oil) by subjecting the latter to localized heating so that a portion of the 
liquid is raised to a temperature sufficient to cause decomposition into 
carbon black and gaseous reaction products. One manner in which such 
an operation may be conducted is illustrated in Figure 47. The oily 
mass passes from the supply chamber into a scrubber and from the latter 
into a preheater where the temperature of the liquid is raised to 200^ F. 
The oil then is conducted into the reaction chamber in which it flows over 
a high-tension electric arc. The material in direct contact with the arc is 
decomposed into carbon and gaseous products (e.g., hydrogen and 
methane). The latter escape from the system through the scrubber (in 
which any low-boiling substances arc dissolved by the incoming oil) and 
through the pressure valve located above the scrubber. The heat-treated 
oil drains from the reaction chamber into a storage tank. Increased con¬ 
centration of dispersed carbon black is said to be obtained by recirculat¬ 
ing the oil one or more times from the storage tank to the supply chamber 
and back through the system. 

During the eighteenth century it was customary to suppress the 
yellow of linseed oil or to give the black inks a deeper and more definite 
color by the addition of a small quantity of a blue coloring material or 
toner. For this purpose usually Prussian Blue (also known as Milori 

“MI. Rnhinor and K. Strich, Fronch P. 767,655, 1934; Chem, Abs., 1935 , 29, 628. British P. 424,164. 
1935; Chem. Abe., 1935, 29, 5682; Brit. Chem. Abe. B, 1935, 367. 

«D. J. Ogilvy, British P. 18,533, 1897; J.S.C.I., 1897, 16, 1012. 

»D. J. Ogilvy, British P. 14,886, 1900; J.S.C.I., 1900, 19, 1011. 
•«J. J. Jakosky, U. S. P. 1,673,245, June 12, 1928; Chem, Abt., 1928, 22, 2849; Rev. Paint, Colour, 

Vamith, 1929, 1, 173. 
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Fwure 47. Diagrammatic Side Elevation of Apparatus for Producing Printing 
Inks from Hydrocarbon Oils (J. J. Jakosky). 

Blue or Iron Blue), or sometimes even indigo was employed.®^ Bird 
recommended a certain siliceous earth which was ground with boiled 
linseed oil. Other toners which are useful include unlaked blue or 
violet dyes.®** Inks which are to be overprinted with a cellulose varnish 
should not contain spirit-soluble toners because of danger of “bleeding.” 
So-called double-toners inks contain, in addition to the pigment, a small 
proportion of a dye dissolved in the vehicle. When such inks are printed 
from half-tone screens, the dye tends to spread around the dots thus 
produced and so develops an additional tone. The vehicle in this case 
must be relatively slow-drying, since the tone of the dye can develop 
only during drying of the ink.®® 

« F. L. Burt, The Inland Printer, 1919, 64 (2), 100. 

J. Bird, British P. 6905, 1835. The mineral earth used was stated to have the folhtwing com¬ 
position: 46 per cent silica, 42 per cent alumina and 12 per cent "coaly" matter. 

••An unlaked dye is one in the preparation of which no substrate or base is employed. 

See Chapter 6. 

•® See Chapter 14 for overprint varnishes. 

•• E. F. Nurse, Paper and Print, 1937, 10, 166; Rev. Paint, Colour, Vamiah, 1937, 10, 413; Chem. 
Zentr., 1937, 108 (2), 2268. 
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In the preparation of black printing inks, which are said to be remov¬ 
able from paper by treatment with hydrogen chloride, manganese dioxide 
may be substituted for lampblack or carbon black An example of such 
a composition is one comprising 40 parts of the dioxide ground with 60 
parts of linseed oil varnish. To suppress the brownish shade of the man¬ 
ganese pigment, a small proportion of nigrosine is incorporated. Casein 
or burned magnesia in aqueous solution, olein, soft soap, glycerin, or 
resinous soaps may be employed as modifying agents for the product®® 
just described. 

Stephan recommends a composition containing 74.5 parts of varnish, 
25 parts of a pigment and 0.5 part of an oil-soluble blue dye. He further 
points o\it that the manganese dioxide should possess a bulk density not 
greater than 0.9 and a moisture content not in excess of 1.5 per cent.^®^ 
Such a composition is made by adding sodium carbonate to an aqueous 
solution of a manganese salt, subjecting the precipitate to the action of 
chlorine, and then drying the material until the requisite water content 
is attained. To deepen the color of the pigment, the latter is impregnated 
with iron tannate before incorporation into the ink composition.^®^ 

r. 21 408. 1882, to Sohmi.lt Bio.s.; J,S. C.I., 1883. 2, 243. 

W. R*>ivsic, U. S. P. 265.867, Oct. 10. 1882, to Gebruder Schmidt. 
K. Stephan, Canadian P, 276,638, 1927, to Chein. Fabr. auf Action E. Scherlng; Chem. 

Ahs.. 1928. 22, 2071. 
K. Stephan, U. S. P. 1,689,368. Oct ,30, 1928, to Chom. Fahr. auf Articii \on-n. E. Scherlng; 

Chfw. AhK.. 1929, 23, 293; Bnt. Clutn. Ahs. B, 1928, 937. British P. 270,671, 1927 ; Brit. Chcin. 

Ab^. B, 1928, 24. 
’•’^British P. 239,113 1925, to Chcni. Fahr. auf Actien vorm. E. Scherlng; J. S. C. /.. 1925, 44, 891B. 

Figuhk 4S. 

The Churidlrr Prict Xe3v 

Soiies Press, 12 X IS. 

Court('.<u The ChatnHcr d' Pace 
Company 
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Diffusion, instead of grinding, is suggested as a means for attaining 
minute size reduction, especially if water-soluble organic pigments are 
to be employed.A paste is prepared containing 3 ounces of carmine, 
1 fluidrachm (1 teaspoon) of aqua ammonia and 8 fluidrachms (8 tea¬ 
spoons) of water. The material is permitted to diffuse for 24 hours 
(with agitation every 5 hours). Following this operation, about one-half 
the quantity of ammonia solution and water arc admixed with the prod¬ 
uct. The carmine is now in solution and is dispersed by stirring into a 
sufficient quantity of varnish to bring the total weight up to one pound. 

Color Printing 

The question of transparency and opacity arises in printing involving 
the use of two or more colors. This is especially to be considered in 
printing on colored papers, since transparent colors give the resulting 
color of the ink and paper. In two-color printing the first ink should 
have as high a pigment content as possible to furnish a desired shade 
even with a very thin ink film. The first ink also should be sufficiently 
tacky to insure adherence of the second film of ink. The second ink is 
usually of softer body and less tacky in order to retain its full color 
strength when printed upon the first color. The latter usually should be 
the lighter one. 

In three- or four-color printing, the adaptability of inks depends upon 
tack, transparency and opacity. Difficulty in overprinting a subsequent 
ink arises, when the foregoing ink dries to a crystallized surface. This 
may be remedied by incorporating a small percentage of wax into the 
ink. Colored inks in general should not contain rosin or rosin oils, since 
these tend to react with certain pigments and destroy their effect.’^*'' 

In “cold color” printing a non-volatile liquid vehicle is used which 
requires that heat be applied to convert it into a hard state. The vehicle 
may contain a heat-convertible varnish resin. An example of such a 
mixture is prepared as follows: 2181 parts (by weight) of raw tung oil 
are heated at a temperature of 450° F. for 15 minutes. After this oper¬ 
ation, 1177 parts of heat-convertible phenol-aldehyde varnish resin, 1002 
parts of rosin-glycerol ester, and 105 parts of rosin are stirred into the 
hot oil. The stirring procedure is continued until the resins are melted, 
when the mixture is heated at 320° F. for 15 minutes. The mixture is 
removed from the source of heat, and 755 parts of cooked tung oil, 173 
parts of acid-refined linseed oil, and 932 parts of chlorinated diphenyl 
are added with stirring. When the product is cool, 175 parts of lead 
naphthenate drier solution (containing 16 per cent lead by weight) and 

«»C. J. Briefll.ach nnd C. Bricdbarli. U. S. P. 108,134, Mnr. 23. 1875. 

n. E. Ricp, Paint, Oil and Chem, Review, 193.5, 97 (13), 15 ; CJiem. Abu., 1935, 29, 5680; Rev. 
Paint, Colour, Vnmiah, 1935 , 8, 306. 

O. Oswald, U. 8. P. 2,111,802, Mar. 22, 1938; Chem. Abif., 1938 , 32, 3992. 

Chlorinated diphenyls boiling between 278 and 360® C. may be employed. Meta and pnrn 
chloro<liphenyl8 and 4,4'-dichlorodiphenyl are included in the above boiling range. 
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2 parts of cobalt naphthenate drier solution (containing 4 per cent cobalt 
by weight) are added. 

Colored inks may be produced by heating together several separately 

prepared mixtures.**'® The first consists of pigment and alizarine oil;*®^ 
the second contains alizarine oil and an alkali salt or alkaline earth salt; 
the third is composed of animal fat or oil and naphthalene. After heating 

the three mixtures together, resins and a small amount of glucose are 

admixed and the whole is boiled. On cooling, the mixture solidifies, and 
alcohol is added to give the desired consistency. Such an ink is made 
as follows. Three mixtures are prepared consisting of: 

(1) 100 gms. of basic aluminum acetate and 200 gms. of alizarine 
(turkey red) oil. 

(2) 10 gms. of Biebrich scarlet and 100 gms. of alizarine (turkey red) 

oil. 
(3) 20 gms. of naphthalene and 20 gms. of fish (train) oil. 

These are heated together, and a mixture of 50 gms. of Canada balsam, 
250 gms. of Venice turpentine (from European larch), 100 gms. of copal 

resin (from Traehylobium trees), 50 gms. of pine resin, 25 gms. of elemi 

resin (Buseraceac), and 50 gms. of shellac, is added. During addition of 

the latter mixture stirring and heating must be maintained, and after 

addition the whole is boiled to a consistency which will result in solidifi¬ 
cation upon cooling. 

To the above coloring mixture a highly viscous composition is added 
consisting of 125 gms. of fish (train) oil, 650 gms. of copal resins and 225 
gms. of ethyl alcohol (95-per cent), and the resulting product is boiled. 

If, on cooling, the ink is too thick, toluene may be added to give the 

desired consistency. 

'"N. W. Turkin, British P. 23,128, 1913; Chem. Abs., 1915, 9, 973. 

Alizarine oil is the neutralized product obtained by treating olive oil, castor oil, cottonseed 
oils or other glycerides of fatty acids with sulphuric acid. 



Chapter 8 

Typographic Inks—Mineral-oil and 
Quick-drying 

From the time of the earliest presses, linseed oil has been one of the 
principal vehicles and binders of ink pigments. Although this oil may 
vary somewhat in its exact composition, it does contain glycerides of 
unsaturated fatty acids such as linolenic. These esters slowly absorb 
oxygen from the air whereby the oil is converted into a tough, clastic film 
of linoxyn.^ However, there are definite time limits to the drying of print¬ 
ing inks as a result of oxidation of the vehicle on exposure to air. It has 
been estimated that a film of oil 0.00012 inch thick, which is the thickest 
film of ink generally printed on coated papers, requires 50 hours to dry 
(by exposure to air) when spread upon a hard, non-absorbing surface.- 
Unless care is taken, inks containing drying oils smudge and offset before 
they are dry. With the steady increase in the use of high-speed printing 
presses it has become more and more important to effect rapid drying of 
fresh prints and to produce compositions of the quick-drying type. 

Printing inks may dry by absorption, oxidation, polymerization, 
evaporation of the vehicle, or by the precipitation of certain constituents. 
If the paper stock is absorbent, the liquid as well as some of the solid 
ingredients (for example, pigment) may sink into the fibers. Drying by 
oxidation or polymerization, exposure of the ink film to air or ozone, 
usually involves a chemical change in the vehicle. When the latter is 
substituted in whole or in part by a volatile solvent, quick setting may be 
effected by evaporation of the more readily vaporizable fluids. In some 
instances the printed films may be treated by certain agents such as water 
or alcohol, whereby the binder and pigment are precipitated and a hard¬ 
ened print obtained. Variations and combinations of these methods 
have been utilized to bring about quick drying of printing inks. 

Quick Drying by Absorption 

Perhaps the most common application of the principle of drying by 
absorption is newspaper printing. The paper used for this work, r.e., the 
so-called ^^newsprint,” has a non-coated, rough surface which allows ink 
to penetrate into the fibrous material. To facilitate this process, news 

* See Chapter 3 for a discuMsion of drying oils. 

*C. MaeArthur, Paver Truflr J., 1937. 105 (1.5). 37; Chrm, Ahs.. 1937, 31, 8956; Rrv. Paht, Colour, 
Varnish, 1937, 10, 413. Paper Trade J., T.A.P.P.l. Sect., 219; Brit. Chem. Aba. B, 1938 , 83; Rev. 
Paint, Colour, Vamiah, 1938, 11, 109. 

1:16 
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inks are generally quite fluid, though their consistency and composition 
vary to accommodate tlie differences in presses and in press speeds. Thus, 
inks for high-speed presses are very fluid and consist, for the most part, 
of mixtures of mineral oils and carbon black with a small amount of an 
oil-soluble toner dye such as induline base.^ For slower-moving presses 
the vehicle may comprise resins dissolved in mineral oil and also various 
proportions of rosin oil, gilsonite, pitch or linseed oil varnish.^ Although 
it is probably true that after the ink has entered the paper alterations 
such as hardening occur by exposure to air, nevertheless the action which 
makes possible the high-speed delivery of sheets or web is the ready 
absorption of the fluid ink by the stock. 

Newspaper printing, however, is not without its troubles. Most com¬ 
mon are the complaints designated by terms ^^strike through,^’ “show 
through,” “offset,” and “flying ink.” ^ Since news inks contain mineral oil 
and are printed on rather thin, rougli paper, it is always possible that the 
oil will penetrate the stock and show as an oily stain or “strike through” 
on the back of the sheet. This bad feature has been found to depend 
upon the following factors: color of oil used, consistency of ink, size and 
dispersion of pigment, character of paper, temperature of ink and paper 
at imi)ression,^’ length of time and degree of impression, the presence of 
rosin or rosin oils, and the use of toners. The azo humic acids commonly 
present in dark asphaltic base oils are very detrimental. Thus, when 
treated with 2-per cent sulphuric acid to precipitate the pitchy material, 
followed by filtration through fuller^s earth, mineral oils were decolorized 
and freed of the staining constituent. Although no accurate determina¬ 
tions were made, penetration seemed to vary inversely with the amount 
of pigment. Inks made with carbon black showed more strike through 
than those containing lampblack. The fact that the average particle 
size of lampblack is greater than that of carbon black indicated that finer 
ground particles permitted deeper absorption than coarse ones. Tests on 
newsprint showed that reduction of the sulphite pulp content and increase 
in the proportion of ground wood improved the printability of the paper."^ 
When cheap rosin or rosin oil were used, strike through increased. This 
result was attributed to impurities in the products. 

To overcome the brownish tone of the oil and carbon black, several 
per cent of oil-soluble toner is generally added to the news ink vehicle 
before incorporation of carbon black. Such toners are made by dissolv¬ 
ing about 10 per cent of an oil-soluble dye base, such as Victoria Blue 

” Srr, for ox.'iinplo, F. (!»' Biaudcl and A. do Baudrv D'Asson, Britisli P. S,923, 1901; /. S. C. 
1902. 21, 782 

* A. M.Mi/.io, Biilisli P. -182.489, 1938. lint. Chtm. Ab.s. B, 1938. 1154. 
MA I.. WrloohMir. Aw. Ink Makf'T, 1931. 9 (6). 19; T/om. Ahs., 1931, 25, 5581. rnprr Tradr J.. 

1932, 94 (13), 39; Hr,f. Chrm. Aha. B, 1932. 8.37. B. I.. Wohinhoff 1). P. f'lark and D. H. Boyev. 
“Now.sprint juid Nows Ink,” U. S. (iovt. Print. Offtct Trek. Hull. No. 18, 1933. 

R. Borrkrn.'ins, Ain. Ink Maker, 1935, 13 (4), 17; Chenx. Ahs., 1936. 30, 3665; Bnt. Cluni. .Ahit. 
B, 1936, 684. 

»n. Andrews, Paper Trade J., 1929, 89 (22), 63; Pulp. Paper Map. Can., 1929, 28. 971, 992; Chem. 
Aba., 1930, 24. 1508. 
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base, Methylene Blue base, Methyl Violet base, or nigrosene or indulene 
base, in either oleic or linolcic acid with the aid of heat.® The practice 
of grinding undissolvcd dye base into the oil simultaneously with the 
pigment is undesirable as the dye bases are practically insoluble in the 
oils which make up newspaper inks. Incorporation of toners causes the 
viscosity of inks to vary irregularly. 

Often the oil stain accompanying “strike through’^ renders the paper 
more or less transparent so that the pigmented ])ortion of the ink may 
be seen from the back of the sheet. This is termed “show through” and 
is primarily a problem of thickness, composition, and surfacing of the 
paper employed. 

“Offsetting” implies that part of the printed image is transferred to 
another surface which has come into contact with the ink. In newspaper 
printing this occurs when the ink penetrates at an excessively high rate. 
The oil soaks into the i)aper so readily that the pigment is left on the 
surface without sufficient binding agent. This problem is controlled by 
the consistency of the ink. 

Another result of printing at high speeds with an ink which is too 
thin is that the ink will “fly.” A fine mist or spray of ink is tlirown off 
by the rapidly moving rollers, thereby coating everything in the vicinity 
of the press with a sticky layer of ink. Flying may be attributed to 
incorrect ink composition, hard or imperfect rollers, old or uneven blan¬ 
kets or to improper roller settings. 

Newsprint is apt to be somewhat discolored and as inks containing 
colored pigments have their true effect only on perfectly white paper, 
colored inks arc not considered very satisfactory for news])aper work.® 

Red and red-brown colors combine most successfully with black. 
The difficulties and cost of multicolor printing result from the necessity 
of having separate ink ducts and rollers for each shade and from the fact 
that the photogravure and typographic portions must be printed suc¬ 
cessively. 

News ink making is a difficult problem. Different kinds of paper 
and the many variables in press room conditions prevent the use of a few 
set formulas.^® With high-speed production, paper in the same shipment 
from one mill may vary in properties. If the fibrous surface becomes too 
uneven, too porous or too hard and non-absorbent, the prints will be 
affected. Oftentimes unsatisfactory prints arc the results of poor press 
conditions. Thus, rough or shallow mats, uneven plates, poor rolling sur¬ 
faces and uneven roller settings, all hamper good printing. From these 
facts it may be seen that the production of good prints depends upon the 
skill of the pressmen as well as on the quality of the product of the 
ink maker. 

It has been the desire of many ink makers to find a cheap substitute 

^ Sec Cliapfer 6 for a discussion of pigments, toneni and dyes. 

•See, Paint Manuf., 1933, 3 ( 9), 255; Rev. Paint, Colour, Vaminh, 1933, 6, 265. 
B. Berckmans, Am. Ink Maker. 1935, 13, (4), 17; Rev. Paint, Colour, Varnish, 1935, 8, 207. 
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for the expensive oil varnishes usually employed in making printing inks. 
Among the materials found applicable to this purpose have been a num¬ 
ber of bituminous substances or “bitumens.” Unfortunately the defini¬ 
tion of these terms and the scope of products to which they refer have 
not been precise and inclusive. An early terminology, applied principally 
to naturally occurring products, designated the solid bitumens as 
“asphalts”; a semi-fluid bitumen was “maltha,” and the fluid, mineral 
oil was “petroleum.” In the coarse of time, distillates and residues from 
pyrogenous treatment of coal and petroleum have been added to the list 
of bitumens. Destructive distillation of coal and allied substances as 
well as the distillation, fractionation and cracking of petroleum have 
yielded tars, asphalts and pitches which are similar in properties to the 
natural materials. Altliough it is not always possible to differentiate 
between the products of these two groups, with the increased knowledge 
of chemical anrl pliysical properties, it has become possible to classify 
them to a considerable extent. In order to relieve ambiguity in the 
following discussion, the definitions and classification of Abraham have 
been kept in mind.^^ 

Natural Asphalts. Among the (‘arly ink compositions made from 
naturally occurring bituminous substances was one comprising 40 parts 
asphalt, 48 parts turpentine, 8 parts methyl violet dye base and 24 parts 
of the residue remaining from the distillation of rosin oil.^- A semi-fluid 
product, “maltha,” was used for news, book, and lithographic inks.'^ 
The inks for these* respective uses increase in thickness. In complying 
with these requirements maltha was altered by removing the more vola¬ 
tile constituents by heat, by adding less fluid bitumens, or by the addition 
of powdered magnesia or resins. Thus, for news inks the maltha used 
had a specific gravity of 30 to 36® Be. and 20 per cent pigment w^as 
included; for book inks, maltha of 22 to 28® Be. with 25 per cent pig¬ 
ment; and for lithographic inks, maltha of 15 to 20® Be. with 25 per cent 
pigment. These inks are said to be homogeneous, tough but elastic, and 
indelible. 

A grade of asphalt known as “Assyrian Asphaltum” has been 
employed in printing inks.^^ In this case the vehicle was made up of 
53 per cent asphaltum and 47 per cent mineral oil.’^ Coloring matter, 
such as an aniline dye or a pigment base ground in mineral oil, was added 
to the vehicle without application of heat. 

Gilsonite is a natural asphaltite which is a brittle solid having a 
higher fusion point than any of the previously mentioned asphalts. A 
printing ink lias been formed from 70 parts gilsonite, 120 parts fuel oil 

IT. Abrnh.Tm, “.XspliMlts nnd Ailieil Substances,” 4th E«l., New York, D. Van Nostrand Co., 
Inc., 1938. For the coni|H)siti«>n.«» of sovcrnl asphalts use<l in pnntinp inks, sec H. Hadert, AUge. Ocl 
u. Frtt.-Ztg,, 1933, 30 (11), r)61; Rev. Paint, Colour, Varniah, 1934, 7, 48. 

‘•MI. Onnther, GtMin.an ?. 9,566, 1879; Chem. Zentr., 1880, 11, 512. 

‘M. Pottawain, IbitiUi P. 15.839, 1889; 1890 , 9 , 630. 
F. J. Baumgardner, IJ. S. P. 1,259.713, March 19, 1918, one-fourth each to F. L. Phipps and 

C. Q. Gibson; Chcvi. 1918, 12, 1517. 
“C. Krejci, U. S. P. 94,220, Aug. 31, 1869. K. Watson, U. S. P. 458,741, Sept. 1, 1891. 
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and 12 parts paraffin Inks utilizing the above compositions are said 
to be non-evaporating and non-skin forming. 

Grahamite is a natural asphalt secured from West Virginia. The oil 
and resinous constituents secured from this substance have been advo¬ 
cated for printing inks.^®® 

Pyrogenous Asphalts. Of the various pyrogenous products, the 
heavy tar oil residue of the production of anthracene was used at an early 
date.^*^ This oil was boiled with 10 per cent of copper chloride (dissolved 
in a minimum of water) which imparted a blackish-brown shade to the 
tar and lessened the quantity of dye base required in the ink. To anthra¬ 
cene oil have been added asphalt, non-drying Greenland train oil (oil 
from a marine animal, e.g., whale oil), a soap from train oil, and an 
aniline dye base.^® To eliminate the disagreeable smell of anthracene oil, 
it was treated with chlorine at a temperature greater than 212^^ F. or with 
an oxidizing agent such as hot nitric or sulphuric acid. Anthracene oil 
also has been used to extract tar oils from coal, wood, straw or peat.'® 
These oils or the resinous residue from the distillation thereof may be 
used in black printing inks, e.g., 58 parts of coal-extract resin oil, 12 parts 
lampblack and 30 parts straw extract oil.-® Such inks were found appli¬ 
cable in quick-running newspaper printing, and are said to dry quickly 
to a film which adheres to the paper and does not rub off or smudge. 
Liquid tar, or the heavy oil products from coke ovens, gas producers and 
water gas plants, has been found to be an excellent vehicle and aggluti- 
nant for powdered shale or anthracite coal.^^ When one of the latter sub¬ 
stances and a toner or drier were added to such a tar (containing about 
40 per cent hard pitch and having a specific gravity of 1.15) a good print¬ 
ing ink was reported formed. Also, the liquid distillation products from 
ignited mineral or vegetable oils have been advocated as constituents of 
printing inks.-- The distillate is admixed with burned corn meal and a 
small proportion of linseed oil, and the whole heated to furnish an ink. 

In inks for lithographic printing, ^‘low-temperature tars’^ (from the 
low-temperature distillation of bituminous coals) have been found effec¬ 
tive.-^ The nature of the tar varies with the method of distillation and 
the coal used. Thus, tar from cannel coal possesses a considerable pro¬ 
portion of paraffin waxes and neutral oils with a low percentage of resi¬ 
nous and phenolic bodies. On the other hand, tars from strong coking 

^«IT. A. Barmirr. T* S V. 1,3S3,512. .Tulv .5, 1921: CV.rm , 1021. 15, 37.18 
n. Wurtz, U. S. P. 67,607, Aug. 13, 1867. U. S. P. 71,188, Fob. 4. 1868. 

E. Battlov. U. S. P. 54,461, May 1, 1866, to J. Crane. II. Gunther, Gorman P. 11.930, 1880 ; 
Chem. Zeritr., 1882, 13, 591. 

^*H. Giinther, British P. 2,868; 1882. 1, 182. 
i8Briti?^h P. 131,.'>88, 1910, to RMtKer.‘^werkp A.-O.; rVtom. Abs., 1920, 14, 340 Briti.Mh 1’. 160.467, 

1921; J.S.C.I., 1922, 41, S-IIA. ANo Gorm.an P. 320,056, 1918; J.S.C.I.. 1920. 39, 622A. 
^ II. Toiolirnnnn, British P. 116,117, 1921, to Rutgeiswerkp A.-G.; J.S.d. I., 1922, 41, 559A; 

Chrm. Ahn., 1922, 16, 351. 
«R. C. Chihl, Briti.«»h P. 7,722, 1910; (’hem. Ah»., 1911, 5, 3632; J.S.C.L, 1911, 30, 1023. 
«J. C. White, U. S. P. 126,601, May 7, 1872. 

® R. MacT.aurin anM I. M. MaoTiaiirin, British P. 312,745, 1928; Chem. Ahn., 1930 , 24, 979; Brit. 
Chem. Aba. B, 1929, 610; Rev. Paint, Colour, Vamiah, 1929, 2, 212; German P. 532,249, 1929; Chem. 
Aba., 1932 , 26, 323. 
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coals are made up largely of phenolic and resinous products with only a 
small quantity of parafTmoids and neutral oils. These constituents may 
be separated, but the resinous bodies alone are too sticky for an ink base 
so that usually the mixture as such is employed. An example of an ink 
composition consists of: 77 parts tar oil, 1 part caustic soda, 12 parts 
carbon black and 10 parts linseed oil. The addition of iron hydroxide 
(or hydrated ferric oxide) tends to blacken the tar and to reduce the 
quantity of pigment required. 

Several types of pyrogenous asphalts resulting from treating petro¬ 
leum have been employed in printing inks.^^ Rogers used the residuum 
from an asphalt base petroleum for a ‘^news ink.’^ This substance is 
heated directly or blown with steam or air until no noticeable odor 
remains and the product has a density of about 14.5° Be. In making 
the ink, 39 parts of thickened residuum is mixed with about 47 parts of a 
thin petroleum oil such as ^^300 oir' (an oil fraction of about 27° Be. and 
a viscosity of 170), 4 parts rosin, 0.25 part chip soap, and about 10 parts 
lampblack. The function of the “300 oil” is to act as a thinner and to 
sink into the fibers of the paper leaving the pigment, rosin, and residuum 
on the surface. As a result of this type of “drying,” newspapers may be 
printed at high speeds. Metal driers also may be incorporated to accel¬ 
erate drying. An example of such an ink composition is: 23 parts air- 
blown asphalt, 17 parts carbon black, 52 parts of a binder (consisting of 
41 parts petroleum oil and 11 parts liquid asphaltum), and 8 parts drier 
such as linolcate of lead.^® 

In some instances, petroleum residues are refined for use in inks.-^ 
Thus a residue from distillation of petroleum was admixed with 25 per 
cent by weight of sulphuric acid that previously had been employed in 
deodorizing petroleum distillates. The mixture was agitated until it 
became thick and black. The whole then was washed with water to 
remove sulphuric acid. Calcium chloride was added to the washed oil 
to neutralize the last traces of acid and to destroy any odor present. 
The refined product was applicable as a vehicle for printing inks. 

A steam-distilled asphalt residue has been differentiated from an air- 
blown asphalt by the fact that it has a lower melting point.^® The former 
also requires less solvent to make a suitable ink vehicle. The incorpora¬ 
tion of a volatile petroleum distillate such as “mineral turpentine” (a 
distillate boiling from 120 to 200° C.) is advocated because it gives dry¬ 
ing properties by evaporation rather than by oxidation or by metal driers 
and because, being composed of petroleum hydrocarbons, it is miscible 
with asphalt. A newspaper ink was made of the following composition: 
48 parts steam-distilled pitch, 37 parts volatile mineral oil, and 15 parts 

O. G. Holt, U.s. P. 424.:)56, April 1, 1890. 
Uogers, U. S. P. 1,224,668, May 1, 1917; Chem. Abs„ 1917, 11, 2050; J. S. C.1917, 36, 724. 

a«J. II. Caughlan, U.S. P. 1,586,947, June 1, 1926; Chem. Abs,, 1926, 20, 2420. Canadian P. 244,684, 
1924; Chem. Abs., 1925, 19, 739. British P. 236,329, 1924; Chem. Abs., 1926, 20, 997. 

« a. Duryec, U. S. P. 48,385, June 27, 1865. 
® J. Azzopardi, British P. 293,238, 1927; Brit, Chem, Abs. B, 1928, 681; Chem. Abs., 1929, 23, 1517. 
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lampblack. The consistency of this composition was reported to allow 
rapid drying by penetration and yet to be adherent to the i)apcr. 

For jobbing or letter press work, a little thicker ink was prescribed: 
42 parts mineral pitch, 39 parts volatile distillate, 1 part turi)entine, 
1 part rosin, 1 part manganese resinate (solid drier used in paints), and 
16 parts lampblack. The extracted products secured by treatment of 
mineral oils or lubricating oils with sulphurous acid or sulphur dioxide 
have been suggested for printing compositions.-^ These substances, when 
mixed with oils, resin, or asphalt produce easily drying inks for book 
and newspaper work. 

Resins and Bitumens. Another method of making substitutes for lin¬ 
seed oil varnishes consists of mixing resins with bituminous substances or 
alcohols.^^ Many resins arc applicable to this purpose,'^^ but rosin or 
colophony has been in most common use.‘^- When rosin and paraffin oil 
are added to coal tar the odorous fumes may be eliminated by treatment 
wdth chloride of lime and hydrochloric acid.'^'^ Glycerol and lampblack 
are incorporated in the resulting product to form an ink composition. 
Soap may be admixed in the ink as modifier.’^* Alkaline salts of sodium 
or potassium also have been suggested;*^’* as pigment, pulverized bitu¬ 
minous coal may be substituted for lampblack.'^’" By varying the pro¬ 
portions of rosin and mineral oil, compositions of any desired viscosity 
can be produced.^"^ In some instances crude petroleum oil may be used as 
ink vehicle.^® The crude oil is heated at 350"^ F. for three hours with 
approximately 1 per cent by weight of lime. Subsecpicntly the oil is 
separated from solid material, and admixed with gum dammar, rosin, 
and lampblack. For letter i)ress or for lithographic printing a mixture 
comprising 20 parts rosin, 18 parts petroleum oil (specific gravity 0.880 
to 0.920) and 15 parts lampblack is advocated. In another casc,'*'*^ a 
vehicle has been made of 40 to 45 parts of rosin in 25 parts of paraffin oil. 
The oil contained in cotton waste used for wiping lubricated engine parts 
has been advocated as ink vehicle.^^ The waste was extracted with 
carbon disulphide and the latter subsequently removed from extracted 

® H. Spath and H. Rebs, Swiss P. 75,5.52, 1917; Chem. Abs., 1918, 12, 231. Danish P, 22,873; 
Chem. Abs., 1918, 12, 1601. S. U. Turner, U. S. P. 10,006, Sept. 6, 1853. .M. Tuily, U. S. P. 113,947. 
April 18, 1871. U. W. Doughty, U. S. P. 1,439,695 and 1,439,696, Dec. 26, 1922; Chem. Abs., 1923, 17, 
1157; Canadian P. 233,933, 1923; Chem. Abs., 1923, 17, 3615. 

See, for e.xaniple, Muster-Ztg., 1873, 22, 34 ; Chem. Zentr., 1873, 4, 159. 
« M. Weiasberger, U. S. P. 67,697, Aug. 13, 1867; E. G. AchcHon, V.S.P. 1,201,991, Oct. 17, 1916; 

Chem. Abs., 1916, 10, 3169. W. J. McElrov and J. Clarke, U. H. P. 1,4.50,692, April 3, 1923; Chem. 
Abs., 1923, 17, 1896. U. S. P. 1,471,746, Oct. 23, 1924; Chem. Abs., 1924, 18, 175, 
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Resins,'’ New York, Reinhold Publishing Corp., 1935. 

“ M. M, Mathews, U. S. P. 7,686, Oct. 1, 1850. J. II. Wilhelm and F. Bohnstadt, German P. 
12,282, 1879; Chem. Zefitr., 1881, 12, 512. 

“ S. Steinert, U. S. P. 39,968, Sept. 19, 1862. 
*J. OgUvy, U. S. P. 330,613, Nov. 17, 1885. 
•• J. Sangster, A. W. Sangstcr and W. H. Sangster, U. 8. P. 53,379, Mar. 20, 1866, to II. Sang.ster 

and T. J. Conroy. 
« A. G. Waas, British P. 6,061, 1901; /. 5. C. I., 1902, 21, 1032. French P. 322,298, 1902 ; J. S. C. /., 

1903, 22, 307. U. 8. P. 716,318, Dec. 16, 1902. 
« M. Connelly, U. S. P. 235,670, July 23, 1880. 
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oil by distillation. In this manner a product containing lubricating oil, 
lamp oil and lampblack was said to have been secured. 

Albertol resins (modified j)hcnol-formaldehydc type) liav(3 been found 
to be good foundations for black inks.^' The resin is mixed, at 180 to 
200"^ C., with a mineral oil (specific gravity 0.93 and having a viscosity 
of 14^^ E. at 50° C.), and a resin oil (specific gravity 1.02 and viscosity 
2-3° E. at 100° C.). By modifying the proportion of these components, 
inks may be made for job work, illustrative or newspaper purposes. 
Rosin oil may be emidoyed without addition of rosin modifiers.^^ It was 
suggested that the gaseous products from distillation of rosin be burned. 
The resulting carbonaceous material was collected in rosin oil to furnish 
an ink. 

The residual petroleum oil which is commonly known as '‘fuel oiV 
likewise has been incorporated into printing inks.^-^ For this purpose 
fractions exhibiting a density of 17° Be., a flash i)oint of about 150° F. and 
containing about 30 per cent asphaltum, have been specified. An ink 
composition illustrative of this proposal consists of the following: 65 per 
cent of a vehicle base (86 to 95 parts fuel oil, 1 to 10 parts rosin, 0.5 
part copper nitrate, 1 part calcium chloride, 1 part sodium hydroxide, 
1 part sodium silicate), 4 per cent lead lineolate, 6 per cent Japan drier, 
and 25 per cent pigment. When the ingredients of the vehicle are heated 
together, the copper compound reacts with sulphur compounds in the oil, 
forming a sludge and thereby decolorizing and desulphurizing the product. 
Resins prepared from petroleum distillates have been advocated for utili¬ 
zation in black inks.^* For example, a polymer of isobutene, secured 
by treating the olefin at —40 to —100° F., with 0.1-0.5 per cent by weight 
of boron trifluoride was said to be a water-white substance with molecular 
weight between 1,000 and 12,000. In formulating a news ink, 60-70 parts 
of the above resin were ground with 30-40 parts of lampblack; the ground 
mixture subsequently was thinned with mineral oil. 

Mixtures of rosin and mineral grease or wax have been suggested for 
ink bases. For newspaper printing the constituents may consist of 65 
parts of vehicle (60 parts rosin and 40 parts mineral grease) and 35 parts 
coloring agent.'^^ In the latter component, 30 parts of neutral powders, 
such as barium sulphate, and 5 parts of aniline dyestuffs were employed. 
It is also possible to incorporate up to 15 parts of rubber into this com¬ 
position. These substances, after being thoroughly mixed with the aid of 
heat, yielded an ink of the consistency of Vaseline and suitable for print¬ 
ing on paper, linen or leather. 

In addition to mineral oil and resin, a metallic soap and a mixed color- 

"E. Fonrobert, Farben-Ztg., 1931, 36 (No. 31), 1383; Rev. Paint, Colour, I'anitsA, 1931, 4, 153. 
Paint Manuf., 1931, 1 (7), 196; Rev. Paint, Colour, Varnish, 1931, 4, 281. 

M. Turly and B. F. Thomas, U. S. P, 105,014, July 5, 1870. 

«a. W. Herbein, U. S. P. 1,469.414, Oct. 2, 1923; Chem. Abs., 1923, 17, 3923. 

E. II. Hillman, U. S. P. 2,154,089, Apr. 11, 1939, to Standard Oil Co. of Ind.; Chem. Abs., 1939, 
33, 5686. 

*»T. P. Sanguinetti, British P. 472,684, 1937; Brit. Chem. Abs. B, 1938, 693; Chem. A6«., 1938, 32, 
1955. French P. 803,031, 1936; Chem. Abs. 1937, 31, 2842; Rev. Paint, Colour, Varmsh, 1937, 10, 173. 
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ing agent (a lake pigment, a pigment of the Prussian Blue group, and a 
basic dye) may be used in printing inks.'*® Low-boiling distillates such as 
naphtha may be employed to effect solution of the fatty acid salt of a 
heavy metal, e.g., barium stearate.'*^ A resin or gum, pigments, and 
barytes or kieselguhr are added to make a printing composition. For 
producing such inks, the following procedure has been proposed.'*® Oleic 
or stearic acid, or the corresponding glycerides, are dissolved in an aque¬ 
ous caustic soda solution to form soaps. After filtration to remove 
insoluble material, aluminum sulphate is added to precipitate soaps such 
as aluminum oleate or stearate. About 10 parts of the heavy metal 
compound are dissolved in 90 parts of a hydrocarbon oil. The latter 
is a mixture of a heavy cylinder stock having a gravity of 23° Be., 
and a light mineral oil having a gravity of 40° Be. In the case when 
‘‘300 oil” (gravity 40° Be.) is used alone, a larger amount of the alu¬ 
minum soaps is required, e.g., 25 parts oleate to 75 parts oil. For 
printing purposes pigments are added to the soap-oil mixture. A com¬ 
position illustrative of this method consists of the following: 40 parts 
heavy cylinder oil (23° Be.), 5 parts light mineral oil (40° Be.), 5 parts 
aluminum oleate, and 50 parts pigment (chrome yellow). The oily resi¬ 
due present in spent acid from petroleum refining has been proposed as 
vehicle for inks,'*® Carbon black was ground into the residue. Instead of 
oils or asphalts, a mixture of shellac, borax and water was advocated as a 
vehicle.®® Also, blends of glue, honey, water and glycerol have been used 
for the same purpose.®^ 

Quick Drying by Oxidation or Polymerization 

The use of metal compounds such as cobalt linoleate to accelerate the 
rate of drying of films of linseed oil varnishes and printing inks is well 
known.®- However, for the maximum rate of hardening and for best 
results, the amount of these substances incorporated in the vehicle is 
restricted. Other compounds and methods have been suggested for 
accomplishing this purpose. 

Accelerators 

Inks containing linseed or other drying oils, may be impregnated with 
rubrene peroxide.®® This compound is produced by allowing rubrene 
(C42H28) to absorb a large proportion of oxygen. When heated to 

Eitaro Sato, Japanese P. 109,334, 1935, to K. K. Sakata Syokai; Chrm. Aha., 1935, 29, 3863; Ilev. 
Paint, Colour, Yamish, 1935, 8, 307. 

K. Kawamura, Japanese P. 98,935, 1933; Chem. Ahs., 1933, 27, 5995; liev. Paint, Colour, Varnish, 
1933, 6, 335. 

**G. C. Wooley, U. S. P. 1,237,136, Aug. 14, 1917; Chem. Abs., 1917, 11, 2966. 

A. Farrar, U. S. P. 100,877, March 15, 1870. 
*WH. A. Buck, U.S. P. 1,421,125, June 27, 1922; Chem. Abs., 1922, 16, 3004. 
M A. H. Ilulot, U. 8. P. 47,909, May 23, 1865. 

“ For a discussion of driers see Chapter 4. 
WT. P. Pinder, U. S. P. 1,842,196, Jan. 19, 1932; Chem. Abs., 1932, 26, 1810; lint. Chem. Ah.i. B, 

1932, 1041. 
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212° F. or higher, this peroxide is capable of liberating oxygen. Thus 
on heating a thin film of an ink containing rubrene peroxide, an immedi¬ 
ate oxidizing and polymerizing action takes place uniformly throughout 
the mixture. If chilled ozone is projected upon the surface of the print, 
further conditioning of the ink surface is effected. 

For vehicles containing a bodied drying oil which consists largely of 
eleostearin (such as tung oil) the use of diacyl peroxides has been sug¬ 
gested.®^ Organic peroxides, of which dibenzoyl peroxide, (C6H6C0)202, 
is a common example, do not dissociate to liberate oxygen. Their action 
is that of a catalyst rather than an oxidizing agent. Whereas these com¬ 
pounds are very effective with drying oils which consist mainly of eleo¬ 
stearin, they do not accelerate the drying of linseed oil to any consider¬ 
able extent. This may be attributed to the fact that the drying of linseed 
oil is by auto-oxidation while that of China Wood oil involves both auto¬ 
oxidation and polymerization. Thus, these diacyl peroxides act as auto¬ 
oxidation and polymerization catalysts. A quick-drying ink may be 
made from the following ingredients: 75 parts carbon black, 3 parts 
indigo, 100 parts tung oil, 5.5 parts rosin oil, and 5.5 parts dilauroyl 
peroxide, (CnH23C0)202. This ink, when smeared on a glass plate at 
100° C. dried in 8 seconds to a film which did not smudge when touched 
with the finger. Inks containing these diacyl peroxides must be used 
immediately, however, as they skin after a short time under ordinary 
storage conditions. 

Methods of securing the catalytic effect of these organic peroxides 
other than by incorporating them in the ink itself have been utilized.®® 
The peroxides were dissolved in chloroform or included in a feculose ®® 
size for treating the paper before printing. On the other hand, solutions 
of the peroxides in chloroform or dichloromethane may be sprayed upon 
printed sheets. These methods are applicable for printing on cloth, tin- 
foil or Cellophane. 

'Fhe addition of certain synthetic resins to printing inks containing 
linseed oil causes a rapid drying of the vehicle which has been attributed 
more to polymerization than to oxidation.®^ 

Sheets printed with an ink containing oil and a phenolic resin are 
reported to dry in much shorter time than those printed with an ink con¬ 
taining a drier and oil but with the resin omitted. Resins prepared by 
reacting phenol with formaldehyde, hexamethylenetetramine, or other 
compounds containing an active methylene group, can generally be made 

F. Vissor’t Hooft, U. S. P. 2,032,554, March 3, 1036. to Lucidol Corp.; Chem. Abs., 1036, 30, 
2781: lint. Chew. Ahs. B, 1037, 258; Rvv. Faint, Colour, Vamish. 1936. 9, 182. 

F. Visser’t Ilooft, U. S. P. 2,100.774, March 1, 1938, to I.uckIoI Owp.; Chew, /lb?., 1938, 32, 
3644; Hri\ Paint, Colour, Vartiish, 1938, 11, 2S0. 

r,<) Fociilosc i.s the name by which the various commorcial starcli r-tors arc designated. They are 
best formed by treating starch with glacial acetic acid ami then iia.^hing the product with cold 
water to free it from uiieombined aciti. 

M British P. 408,688, 1934, to Bakelite Corp.; Brit. Chew. Abs. B, 1934, 546; Chem. Abs., 1934 , 28, 
6001. R. C. Shuoy, U. S. P. 2,073,229, March 9, 1937, to Bakelite Corp.; Chem. Abs., 1937 , 31, 3311. 
For information concerning the preparation and charaeterl^tic properties of resins used in printing 
inks, see Carlcton Ellis, “The Chemistry of Synthetic Resins," New York, Reinhold Publishing 
Corp., 1935. 
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oil-soluble by cooking with rosin for an extended period. Resins made 
from phenylphenols and formaldehyde possess this oil-soluble property. 
About one part of oil-soluble resin was incorporated into about three 
parts of linseed oil for fifteen minutes at 400° F. It has been found that 
the presence of phenolic resins did not cause the deterioration of such 
oil-film characteristics as durability and toughness. Furthermore, the 
resin seemed to aid in keeping pigments such as Peacock Blue suspended 
in the oil. For some purposes, as in rotary photogravure work, the ink 
may be diluted with a solvent such as tetrahydronaphthalene, benzyl 
alcohol, dimethyl and diethyl phthalates, xylene, or amylbenzene. These 
liquids have boiling points such that they show little tendency to vaporize 
from the ink at ordinary temperatures. When printed on paper the 
thinned vehicle is absorbed and the increased surface exposure greatly 
accelerates the evaporation rate. 

The addition of phosphorus tri- or pentachlorides to an ink composi¬ 
tion containing a drying oil and an oil-soluble phenol-aldehyde resin has 
been observed to accelerate the rate of drying.*'’^ The phosphorus chlo¬ 
rides are added in a diluted form such as 1 or 2 parts in 10 i)arts of white 
spirit (a petroleum fraction distilling from 150 to 220° C.) and at a tem¬ 
perature from 80 to 140° F, The drying oil-resin vehicle also may be 
diluted with white spirit. An ink stated to be quick drying was prepared 
by admixing pigment, blown tung oil, an oil-resin varnish and a small 
proportion of a-naphthol, ^-naphthol, diphenylguanidine or pyrogallol."'^ 

Chlorinated dr>dng or semi-drying oils have been proi)oscd for inks 
which dry rapidly.®^ The halogenated oil was ground with a pigment and 
an aqueous paste containing an oxide or hydroxide of zinc, iron, mercury, 
antimony, copper, tin, cobalt, nickel, chromium or magnesium. Reaction 
between the chlorinated drying oil and metallic oxide was stated to bring 
about rapid drying of the ink film. 

Ozonation. Ozone is another agent which has been utilized to cause 
rapid drying of linseed oil vehicles. The time of drying was observed to 
have been reduced to about half when the oil was exposed to air (or 
oxygen) containing 0.25-0.4 per cent ozone.®^ Although higher concen¬ 
trations of ozone further shortened the time of drying, the resulting 
product was said to be sticky and unsuited for a varnish. 

Several types of apparatus have been proposed in which ozone is 
employed for drying printing inks. In one method the freshly printed 
web is carried by a rotating, perforated apron through a drying chamber 
(Figure 49). Here, it is passed between electric heaters and then is sub- 

L. E. Wftkrford and L. E. Harris, British P. 447,463, 1038, to Berger A Sons; Brit. Chem. Abi. 
B, 1936, 750; Chem. Abi., 1936, 30, 7365; Rev. Paint, Colour, Varnifh, 1936, 9, 314. 

"W. J. Koenig, Canadian P. 377,736, 1938, to Sloan-Blabon Corp.; Chem. Abi., 1939, 33, 2354-5; 
Rev. Paint, Colour, Varnish, 1939, 12, 181. 

•* W. J. Koenig, U. 8. P. 2,136,108, Nov. 8, 1938, to Sloan-Blabon Corp.; Chem. Abs., 1939, 
33, 1525. 

® C. Dcnzler, Helv. Chim. Acta., 1933, 16, 807; Chem. Abe., 1033, 27, 4696; Brit. Chem. Abi. B, 
1933 718 

«G. *L. Clark, U. S. P. 1,668,943, May 8, 1028; Chem. Abs., 1928, 22, 2222. 
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Figure 49. Diagrammatic Sketch of Apparatus for Ozonating Printed Sheets to 
Effect Rapid Drying (G. L. Clark). 

jected to ozone. The chamber is thus substantially filled with warm air 
containing ozone. Further drying is provided in a second, well ventilated 
chamber which contains a common form of loop carrier. The latter is a 
system of rotating chains and connecting sticks which pick up the web 
in such a manner that the paper hangs in the form of loops. The dried 
material is then wound on a rewind roll. 

In the process described by Lawson the printed sheets as they come 
from the press are subjected to hot air from elevated, electrically heated 
blowers. As the paper comes to rest for a moment it is swept by a series 
of electrical point discharges which produce ozone (Figure 50). The 
ozone generator is in the form of a holder projecting from which are a 
number of fingers of spirally wound wire. These fingers are connected 
to one line of a high-voltage electrical supply apparatus operating at 
10,000 to 20,000 volts. The holder sweeps the width of the paper with a 
clearance of 5 2 inches. 

A. Lawson, Britiah P. 387,763, 1933, to Sheridan Machinery Co. Lt(i.; Cliem. Abs., 1933, 27, 
r05; Rev. Paint, Colour, Yarmsh, 1933 , 6, 136. 

Electrical 
connection 

Fiourk 60. Sketch of Apparatus for Ozonating Printed Web by Electrical 
Discharge (A. Lawson). 
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In another appiaratus, heat is applied by passing the printed web over 
a drum heated to 175-275° Concentric witli this drum is an ozonizer 
with a number of nozzles for projecting ozone upon the paper (Figure 
51). The ozone is chilled by a cooling liquid which circulates around 
the ozone inlet. The web is successively led over a roller at 300-400° F. 
and a cold roller to bring about solidification of the ink. The ink stock 
is usually one which has been preconditioned by partial polymerization. 
This arrangement is useful at each stage of a continuous, multicolor print¬ 
ing process. 

Allen and Crammer prefer to pass the printed material through the 
space between an electrode and a dielectric. One of the electrodes con¬ 
stitutes a row of luminous discharge tubes, the walls of which serve both 
as containers for the gases of the tubes and as the specified dielectric. 
Thus high-intensity discharge conditions may be maintained without 
danger of change to the spark type discharge (Figure 52). The ionizer 
tubes are generally the width of the paper and the number of them is 
dependent upon the rate at which the web moves. Also, a corona dis¬ 
charge may be utilized as a source of ozone.®® A set of conductors having 
overlapping portions (to permit corona discharge) were placed over the 

^‘T. F. Piiulor, U. S. P. 1,842,19.), Jan. 19. 1932: Chrm. Ahs , 1932 26, 1810. 

W. W. Allen an<i A. L. Orummei, Untusli 1*. Uo.SH.), 1934; Chnn. Aba., 1935, 29, 918; Jirv. 
Paint, Colour, Varniah, 1935, 8, 26. 

flflj. R. Blame. U. S. P. 1,503.224, July 29. 1921, tu Miehle Printing Picss & Mfg. Co. 

Figube 51. Diagrammatic Plan of Ozonator for Multicolor Press (T. F. Pinder). 
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Fkjure 52. Skntch of Apparatus for Ozonatinj? Printed Web 
to Effect Rapid Drying (W. W. Allen and A. L. Grammer). 

conveyor wliich carries j)rintcd sheets from press to the pile table. A 
iransforiner, connected to a 110-volt line, was employed to furnish radio 
Irequency current to the conductors. There was said to be no danger of 
injury from shock to operators who might touch the conductors during 
operation. 

In anotlier method of producing ozone, air has been forced through a 
number of high-frequency alternating-current ozone generators, charged 
with current at about 960 cycles per second.®^ These generators are 
located in the press room but not necessarily close to the press. The 
ozone and activated oxygen from the generators are piped to the press 
and delivered to the paper through a perforated pipe extending across 
and above the drying roll. 

A common practice is to collect printed material in stacks of sheets 
or on a roll, keeping tlie surfaces separated by means of insert sheets 

.or strips. These inserts are coated or impregnated wdth wax or oil to 
prevent ofTsetting. However, tlic weight of the pile of sheets, or the ten¬ 
sion under which the roll was formed, tends to exclude oxygen from the 
ink and retard the drying of the oil vehicle. To remedy this it has been 
proposed to place the sheets or rolls in a confined space which may be 
evacuated. When subatmospheric conditions have been created, ozone 
is introduced. Ry maintaining the atmosphere of ozone in contact with 
the prints for several hours, drying is accomplished which formerly 
required several days. 

"■ l'\ !■;. \ S 1' 1 .‘I'KC 101. Mrnrli T), I'.m. on.-llunl to F. IT. Mnn1roi.u‘i\ nn-l 
\N . ]{. MoiitKoiiiny ; (7a;/;. I'.lS.'i, 29, 2763. 

*^1*. Aitclii.con, V\ T. Wood, :nid A. A. Wdtnobol, la S. P. 1.92r).42t1. Sopt. 5, 1033, to Xmerienn 
Honk Note Co.; Ihit. Chrm. Ahs. B, 1934. 571 ; Rev. Paint, Colour, Varnish. 1934,’7, 293. Also 
British P. 415,261, 1934; Chem. Ahs., 1935 , 29, 861. 
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Indications arc that ink on freshly printed sheets dries faster when 
exposed to rays from a quartz-mercury arc lamp, especially at higher 
temperatures.^® As small a concentration as 350 parts per million of 
ozone greatly accelerated the drying when used in connection with these 
rays. Monochrome and polychrome prints made with inks containing 
dyes mixed with drying oils are said to be dried by rays from a quartz 
lamp.*^® 

Qx;ick Drying by Evaporation of a Solvent 

One of the most common methods of ])roducing quick-drying inks 
involves the evaporation of a solvent from the composition after the 
print has been made. The solvents which have been used for this pur¬ 
pose vary from those which are very volatile to those which require the 
application of heat for vaporization.'^^ 

Volatile Solvents. Spirit gum, which is formed of spirits of wine (84 
per cent ethyl alcohol) and gum arabic has been a constituent of quick¬ 
drying wTiting inks for some time. It likewise has been incorporated in 
printing inks: 1 part of spirits to 5 parts of ink.'^- The effect of the spirits 
of w’ine is to dissolve the organic ingredients of the ink and hold them in 
solution, making the ink more liquid. By reason of its low-boiling point 
the spirit volatilizes very rapidly at normal temperature. Ethyl ether, 
methyl alcohol, and ethyl alcohol are suital)lc solvents for such gums as 
shellac or sandarac.'^'^ Non-hygroscopic agents, for exam])le titanium 
oxide, zinc oxide or lithopone, arc also incorporated in these ink vehicles. 
The addition of alkylcelluloses is said greatly to improve spirit inks.*^^ 
These inks show good strength of shade, opacity, fastness and at the same 
time do not penetrate the material. They are said to be suitable for print¬ 
ing from rubber stereos on rotary machines or from metal type. In gen¬ 
eral the inks for use with rubber stereos arc thinner than those for metal 
type. 

In making an ink of this type 5 parts of ethylccllulose and 40 parts 
of Rotor Green are dissolved in 155 parts of methylated spirit, consisting 
of 93.5 per cent by weight of ethyl alcohol plus methyl alcohol and a 
small projiortion of pyridine. In place of the ethyl compound, methyl, 
j)ropyl, butyl or glycol celluloses may be used. The volatile' constituent 
of inks may be hydrocarbons of low boiling range such as naphtha.'^*' 
With the latter, binding agents such as oil-modified alkyd resins have 
been employed.'^’ Mineral oil and drier solution arc incorporated in this 

«'Il. a. Brown, Am. Ink Maker. 1031. 9, 21: Chrm. Ahn.. 1031. 25, S.'SOO. 
7«K. n. Schwinnner, French P. 64.5.595, 1927: Chrm. Abu., 1929. 23, 2050. 

R. F. Bowles. Penrose Annual, 1939. 41, 162: Rev. Paint, Colour, Varninh. 1939, 12, 10. 
”A. Ruter. French P. 410,635, 1909; 1910, 29, 831. Al.so Briti.sh P. 29,389, 1910; 

Chem. Ahn., 1911, 5, 3023. 
W. H. T.nwrenee. C.'inadian P, 338,4.)4, 1034; Chem. Abs., 1934, 28, 2204; Rev. Paint, Colour, 

Varnish, 1934, 7, 225. 
A. A. Uamson and S. Oake^hott, U. S. P. 2,132,468, Get. 11. 1938; Chem. Aba., 1939. 33, 417 ; 

Am. Ink Maker, 19.38, 16 (12), 43; Rev. Pamt, Colour, Varmah, 1939, 12, 20. 
^H. Ileckol, r.S. P. 1,906.961, May 2, 1933, to Twitcln-ll Proce.ss Co.; Chem. ,\bs., 1933, 27, 3627; 

lirit. Chem. Abs. B, 1934, 157. 
D. McBumy nnd E. II, Nollan, Canadian P, 361,667, 1936, to Canadian Industries Ltd.; Chem. 

Abs., 1937, 31. 1529; Rev. Paint, Colour, Varnish, 1937, 10, 228. 



MINERAL-OIL AND QUICK-DRYING 231 

mixture. After printing, the lacquer is dried at 180-200° F. Subse¬ 
quently, metal powder is sprinkled over the lacquer and the whole heated 
to harden the print. Also a mixture of volatile paraffin hydrocarbons 
and monocthyl ether of butene glycol was said to furnish a quick-drying 
ink vehiclc.'^'^ Instead of glycol ether, butanol or ethyl lactate may be 
employed. 

Derivatives of rubber have been used as the base for inks which dry 
by the evaporation of solvents. In one process the principal ingredient 
consists of the polymerized reaction products resulting from the treat¬ 
ment of rubber in either a benzene solution or plastic mass, with certain 
amphoteric metal salt compounds containing halogens. Compounds which 
effect reaction include halide salts of tin, aluminum, antimony, iron, 
chromium, as well as metal halide acids such as hydrated chlorostannous 
or chlorostannic acids. An ink is made by incorporating into the base a 
color agent which may be commercial pigment or lake, and an oil-free, 
non-oxidizing solvent such as naphtha or carbon tetrachloride. The 
I)rintcd film dries very quickly to a surface which is adherent to paper. 
Another binding medium consists of a mixture of cellulose derivatives 
and rubber.’^^ To an uncolored printing medium consisting of 10 parts 
acetylcellulose (dissolved in 40 parts butyl acetate and 40 parts xylene) 
and 2.5 parts crepe rubber (dissolved in 25 parts cyclohexanone) may be 
added soluble dyes, lakes, or pigments. The consistency of inks made with 
the above mixtures may be varied for different types of printing or coat¬ 
ing by means of compound thinner such as 1 part butyl alcohol, 1 part 
toluene, 0.5 part methylethylenc glycol, and 0.5 part tetrahydronaphtha- 
Icnc. It is said that these inks produce prints which do not blur or smudge 
and which are securely bound to fibers of the surface to be printed. Rub¬ 
ber may be mixed also with a synthetic resin to form a coating composi¬ 
tion.^® The resin was prepared in the above case by heating equivalent 
molecular proportions of glycerin and phthalic acid or anhydride, in the 
presence of ammonium hydroxide or sodium carbonate, at 200° C. for 20 
minutes. The condensation product may be varied by heating for a longer 
period of time' or by including compounds such as citric or succinic acid. 
A solution of n'sin in petroleum ether or ethylene dichloride is added to a 
solution of rubber in the same solvent. Dispersions of these ingredients 
in water may also be used. The following is an example of an initial 
coating composition: 10 parts resin, 90 parts crepe rubber, and 40 parts 
ethylene dichloride. Films of this mixture are flexible, do not peel or 
crack when creased. To eliminate tackiness a second coat is applied 
which comprises 30 parts resin, 50 parts cellulose acetate, 5 parts cellu¬ 
lose nitrate and 15 i)arts ])lasticizer such as Saniticizer M 17 (■Monsanto 

•M'". K.'iiin.'r :ui.l II. P. .Srlunitz. U. S P. 2.036,480, Apr. 7, 1036. to A. Waokrr Gos. fur oloktro- 
rliomisclu* Iiulii.strir; C/irrn. Ab.f., 1936, 30, 3667. 

•Ml. A. llatJi'tli, n.S. P, 2,069,828, Fch. 9, 1937, to Sears Roel.iick Co.; Chem, Abs.. 1937 
31, 2108. 

<‘'11. N. Morrij*. U. S. P. 2,036.768, April 7, 1936, to Rucrl Ltd.; Chem. Ah^., 1936, 30, 3667. 
«oj. L. Elliot. U. S. P. 2.116.065, May 3, 1938, and U. S. P. 2,116,066, May 3, 1938, to International 

Printing Ink Corp.; Chem. Abt., 1938, 32, 5114. 
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Chemical Co.). These coatings are waterproof, grease-proof and do not 
deteriorate on exposure. 

Mixtures of di- or trichloroethylene with benzene, toluene or xylene 
have been suggested for quick-drying inks.^^ A resin that has been inter¬ 
acted with nitric acid is admixed with the solvent blend and pigment 
added. The resulting ink was reported to dry by evaporation of solvent, 
with no attendant chemical changes of any constituent. 

When solvents which have higher boiling points than those considered 
above are used, there is less tendency for the ink to dry or set upon the 
inking rollers and type. Also, benzyl alcohol was suggested as an ingre¬ 
dient of quick-drying inks.®- The alcohol was admixed with pigment and 
an amyl acetate or acetone solution of a cellulose ester. 

Amyl and butyl alcoliols have been added to a pigmented polymeri¬ 
zation product of linseed or other drying oil.®® For example, a mixture of 
30 parts xylene and 30 parts fenchone has been advocated for use in 
linoleum printing.®^ To the solvent are added 10 parts nitrocellulose, 
25 parts ester gum, 5 parts dibutyl phthalate and 25 parts pigment. The 
boiling point of fenchone is 193-195° C. 

Esters of alcohols such as acetic esters of glycol may be added to 
inks to accelerate drying.®^ 

Inks which dry rapidly when heated above 100° C. may be made of 
the following ingredients:®® 0.5 to 0.75 part wax, 0.5 part rosin oil, 1 to 6 
parts dry aluminum hydrate, 10 to 14 parts drying oil, 1 to 6 parts 
varnish-type resin in a low-boiling solvent, 6 to 9 parts ])igment, 0.062 to 
2 parts drier, 1 to 10 parts hydrocarbon solvent and 1.5 to 2.5 parts 
organic solvent of boiling point above 100° C. Paraffin wax is advo¬ 
cated, but beeswax, Chinese wax or spermaceti may be used. The var¬ 
nish type resin may be copal, amber, kauri or glyptals (“Rezyl”) ,®'^ to 
the extent of 8 to 10 per cent in alcohol or mineral spirit solvent. Also, 
utilization of saponified rosin in alcohol solution has been proposed.®® 
Camauba wax may be dissolved in phenol and mixed with an aniline dye 
to produce a quick-drying printing ink.®® 

By including a .'^mall proportion of wax the volatility of nitrocellulose 

81 L. MapriK'n, British P. .'^70 091. 1032, to Si.n.'.h'. nnon. Chh.io-,,,!:, ; ('hrm. , 1033. 27, 3027; 
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Varnish, 1936, 9, 242. 
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lacquers may be reduced so that they may be utilized in printing inks.®^ 
To provide a surface free from irregularities due to excess wax and yet 
prevent appreciable evaporation of lacquer solvents at room temperature, 
the amount of wax should not exceed 2 per cent, on the basis of solvents. 
A typical composition comprises 40 parts ester gum, 75 parts 0.5-second 
viscosity nitrocellulose, 140 parts zinc oxide; 90 parts dibutyl phthalate, 
150 parts butyl acetate, 150 parts toluene, 30 parts ethyl alcohol and 
2 parts ccrcsin wax. At 70"^ F. this composition is practically non-vola¬ 
tile, but at 140® F. it dries quickly. 

In inks containing nitrocellulose and high-melting waxes, Kelly 
has used high-boiling plasticizers, plus solvent thinners. These inks dry 
quickly when heated to 300-400® F. and are applicable to printing on 
paper, waxed paper or fiber board. A specific example of a red ink con¬ 
tains the following: 41 parts red pigment, 20 parts barium sulphate, 28 
parts nitrocellulose of 0.5-second viscosity, 12 parts ethyl alcohol, 123 
parts r?-biityl lactate, 40 parts diethyl phthalate and 10 parts carnauba 
wax. Nitrocellulose imparts tack or stickiness to the ink while the latter 
is wet, and binds the pigment to the surface after printing. Other waxes 
such as Japan, montan, and bayberry, may be employed for lubricating 
the particles of pigment. As plasticizers, dibutyl phthalate, tricresyl 
phosphate and as solvents, ethyl lactate, normal and secondary butyl 
acetates, amyl acetate and cyclohexanol acetate are suggested. After 
passing over a heated roll, the material printed with these inks may be 
wound upon a roll without coating the under side with paraffin, to prevent 
offsetting and sticking.®- 

When an ester or ether derivative of mono- or diethylene glycol and 
an oleo resin ester or alkyd resin are substituted for the solvent and wax, 
respectively, in the above inks, several improvements have been noted.®^ 
The temperature range for drying the inks is lowered to 150-325® F. 
When the printed web travels at the low speeds of 75 to 100 feet per 
minute the ink will dry in 11 or 12 seconds when heated to 150® F. 
Temperatures up to the scorching point of the paper are used when the 
web moves at 500 feet per minute. In addition to dry pigments, pig¬ 
ments and dyes or dyes alone may be used as coloring matter. With 
such dyes as Methyl Violet, Malachite Green, Victoria blue, Methylene 
Blue or Rhodamine, a concentration as high as 15 per cent of the finished 
ink may be used. The viscosity of the cellulose ester employed in the ink 
may range from 0.25 to 40 seconds. 

Vapor pressures indicate that at ordinary temperatures diethylene 
glycol monobutyl ether has a low rate of evaporation.®^ However, when 

r. r S. p. l.S.S-l.r.53. Ort. 2.V 1032; Chrm. Ahs., 1933 . 27, 121S: Brit Chrm. Ah.<. B. 
1933. 800. 

"M:. .1. K.Hv. r. S P. 2.002 .W. Mav 28. 193.'»; Ch.m. t/.s.. 193.’). 29, 4610; Itrit. Chryu. Abs. B, 
19.30, 008 ; hbv. I'amt, Colou,, Vuruish, 193.'i. 8, 40,3. 

'•^Scr aNn CliapltT 16 
K. ,1. K.'Ilv, II.S. P. 2.070.27.S. Ffb. 9 1937; Clum Ah.. 1937. 31, 2157; Brit. CA. m. Ah^. B, 

1938, 554; Rev. Pa'mt, Colour, Varnish, 1937. 10, 175. 
‘«J. K. Brr-wor nnrl G. S Ganlnor, If,iP Eng. Chrm., 1937, 29, 179; Chem. Abs., 1937, 31, 2058; 

Rrit. Chem, Abs. B, 1937, 522. 
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heated to 150° C., this solvent becomes a highly volatile liquid and will 
evaporate almost instantly. The plasticizing agents, however, are not 
very volatile even at the elevated temperature; the vapor pressure of 
dibutyl phthalate is 0.45 mm. at 100° C. and 1.4 mm. at 150° C. Thus, 
the plasticizing action is maintained after tlie evaporation of the solvent. 
With rollers of glue, glycerin and water composition, it is advisable to 
use diethylene glycol monobutyl ether acetate rather than the ether 
derivative.®^ The ether tends to extract water and glycerin from the 
roller composition, eventually rendering it hard and inelastic. The rollers 
then are unable to carry and distribute the ink evenly and satisfactorily 
over the printing plates. The ac(‘tate has but little affinity for water or 
glycerin and the demands of the ink vehicle for these compounds may be 
satisfied by adding a small amount (about 1 per cent) of them to the 
ink. The quantity of the aqueous mixture which is added does not 
impair the printing qualities of the ink. Diethylene glycol monobutyl 
ether acetate shows the same vapor pressure characteristics as the ether 
derivative, so quick-drving is caused likewise bv heating the print to 
150° C. 

Utilization of water as volatile solvent in quick-drying inks has been 
suggested.®® The inks comprised heat-reactive aminoplast resin, liquid 
vehicles and pigments and had thixotropic properties at room tempera¬ 
ture. One heat-reactive resin was secured by interacting urea with for¬ 
malin (aqueous solution of formaldehyde). Subsequently a portion of 
the water was removed by evaporation or distillation, halving as residue 
a thixotropic syrup. Th(‘ latter was incorporated with pigmcait to furnish 
an ink. Such inks were said to set quickly on heating to 140-155° C. 
During the heating operation the resinous material changes from a solu¬ 
ble, fusible mass to one which is insoluble and infusible. Instead of 
water, other solvents such as diethylcne or ethylene glycol may be 
employed. 

A thermographic ink which contains no volatile solvent was advo¬ 
cated.®^ Thus a blend of 100 i)arts dibutyl phthalate, 100 parts para- 
coumarone resin, 2.5 parts drier and pigment was said to harden quickly 
on heating at 150° C. 

An evaluation of solvents for binding agents utilized in ciuick-drying 
inks has been made by Bogin.®^* The binding agents studied included 
nitrocellulose, ethylcellulose, cellulose acetate and resins (vinyl, metha¬ 
crylate, poly.styrene, alkyd and phenol-formaldehyde). 

Nitrocellulose, employed in preparing lacquers and as binding agent 
in inks, is soluble in a number of substances containing carbonyl groups, 

A. E. Qe«.sler, U. S. P. 2,128,672, Aug. 30, 1938, to Tnti*rr]iemiral Corp.; Am. Jvk Maker, 1938, 
16 (10), 43; Chem, Ab»., 1938 , 32, 8808; InWrnatioual Printing Ink Corp., Bnti.sh P. 442,320, 1936; 
Chem, AUm., 1936, 30, 4596; Brit. Chem. Abu. B, 1936, 463; /(rn. Paint, Colour, Vurninh, 1936, 9, 170. 
A. K. Gcpsler, Canadian P. 369,333, 1937, to Intercliornirnl C%>rp. (foinuTU'^ Inlprnntionnl Printing 
Ink Corp.); Chem. Abs., 1938, 32, 2378; Bn. Paint. Colour, Varnish, 1938, 11, 101. 

Carlftr^n Ellis, U. 8. P. 2,162,331, June 13, 1939, to Elli.s T^nlroratoiios, Inc. 

^K. Schneider. U. S. P. 1,992,016, Feb. 19, 1935; Chem. Abg., 1936 , 29 , 2375. 
WC. Bogin, Am. Ink Maker, 1939, 17 (5), 19, (6), 21. 
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such as esters, ketones, acids and aldehydes. Also the cellulose derivative 
is soluble in mixtures of diethyl ether and ethyl alcohol, and in com¬ 
pounds containing; an alcohol and ether group in the same molecule. 
Nitrocellulose is insoluble in hydrocarbons, such as naphtha, toluol or 
benzol, and in alcohols or ethers separately. Generally, however, solu¬ 
tions of nitrocellulose are diluted or thinned with toluol or naphtha before 
use in inks. The dilution ratio or tolerance is a measure of the amount 
of non-solvent that can be added to a solution containing nitrocellulose 
before precipitation of the latter occurs. This value has been defined as 
the volumes of any hydrocarbon, or diluent, which can be added to a unit 
volume of any particular solvent without destroying the ability of the 
latter to dissolve nitrocellulose. Some properties of nitrocellulose sol¬ 
vents and diluents are indicated in Table 29. 

Tabic 29.— Properties of Nitrocellulose Solvents and Diluents. 

Evaporation 
rate by wt. 

'rulciance Tolerance (n-Butyl 
for for B. P. Acetate 

Material Toluol Naphtha ("C.) = 100) 

Acotone 4.50 0.65 57.1 920 
Ktliyl acetate 3.30 1.10 77. 525 
Methyl ethyl ketone 4.10 0.85 79.6 465 
Isopropyl acetate 3.00 1.10 89. 435 
F.t hyl alcohol Latent ** ‘ Latent 78.5 203 

solvent solvent 
n-Rutyl acetate 2.70 1.45 126.5 100 

?<-Bntyl alcohol Latent Latent 117.1 45 
solvent solvent 

‘ Crllosolvo” 4>^0 1.00 135. 40 

Ft hyl lactute 5.20 0.70 155. 22 

DiMcetone alcohol 3.00 0.55 166. 15 
Butyl “Ccllosolve” 2.(K) 2.00 170.6 10 

Butyl lactate 5.10 2.00 188. 6 

Bruzeno 79.6 450 
Toluf'iic 111. 195 

Ethylcellulose is soluble in toluol. Because of the high viscosities of 
such solutions, a mixture of 80 parts toluol and 20 parts ethyl alcohol or 
butanol gencn’ally is utilized. Cellulose acetate is soluble in acetone, 
metliyl ‘‘CVdIosolve,” methyl or ethyl lactate and diacetone alcohol. Syn¬ 
thetic resins difier in solubility, depending upon method of manufacture 
and components. In choosing a solvent, tolerance for thinner and rate 
of evaporation should be considered as well as solvent action upon the 
binding agent. 

The advent of these itrinting inks employing high-boiling liquids 
necessitated that press designers make special provisions for removal of 
the solvent. In a process (h'veloped by Jeuckd^^^ the printed web, after 

I-Mtrnt wolvt‘i\(r< Mihstnuces \shuh tin not possess UJw iu)\vt‘r fvn* uilrooellulnM' l^v 

tlirii»,scl\rs, but RCiiuiu* such power in the piesence of tiue solvent.s. 

F. J. Jeuek. U. S. P. 2.042,432, Mnv 26. 1936, to International Printing Ink Corp.; Chem. Abs., 
1936, 30, 5062; Rev. Pnivt, Colour. Varnifh. 1036. 9, 316. Also British P. 458,468, 1936; Brit. Chem. 
Abs. B, 1937, 264; U. S, P. 2.129.277, Sept. 6, 1938, to Interchemical Corp.; Chcni. Abs., 1938 , 32, 8636. 
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passing over heated rollers, was directed under the flame of a burner 
which ignited the solvent vapors (Figure 53). The vapors flashed into 
flame so quickly that neither the web nor the ink was scorched or burned. 
If the flame extended as far as the rewind roll it was snuffed out as the 
web was rewound. In this manner the ink was set quickly and was not 
resoftened by any returning solvent vapor. However, the temperature 
of metal drums or heating rollers was restricted to about 150® C,, above 
which the paper was said to be injured. Hot air was directed against 
the web in order to vaporize the solvent. It was soon found, however, 
that air accumulated and evolved heat so slowly that large volumes were 

Ficiuuh: 53. 

Sketch of Api^jiraius for Ef¬ 

fecting Rapid Drying by Igni¬ 

tion of Ink Vehicle (F. J. 

Jeuck). 

necessary. It wa.s noted that when gas heat was ai)plied directly to the 
printed material, the time required to volatilize the solvent was materi¬ 
ally less than that required to burn or char the paper. Thus if the time 
of contact is short enough, an intense heat may be applied which will 
vaporize the solvent without harming the paper or ink. An apparatus 
utilizing this principle, which is applicable to a printing press of standard 
construction, has been described.'®^ The web, as it emerges, printed side 
up, from the rollers of the press, forms the bottom wall of a specially 

Tlrlrnf-r, U. S. P. 2.127,956, Aur. 23, 1938, to InternntuM.nl Prir.tinR Ink (^Mp.; Am. Ink 
Maker, 1938, 16 (10), 43; Chtm. Abx., 1938, 32, 8174. AIho Biitinh P. 466,658, 1936; lirit. Chem. Abs. 
B, 1937, 1375. 
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mounted furnace (Figure 54). The top wall of the furnace contains 
several rows of cup-shaped burners. The refractory material of these 
burners is heated to incandescence by burning a gas-air mixture. When 
the burners arc directed toward the moving web, the flames and radiant 
heat evaporate the solvent from the ink and actually cause ignition of the 
vapors to take place. The combustion is so rapid that no flame touches 
the paper, but a temperature of about 1400° F. is maintained. The web 
next passes a suction duct out of which the vaporized solvent and prod¬ 
ucts of combustion are drawn. In order to retain the tensile strength 
and original size, as well as to cool the print, the paper is passed over 
water-cooled rollers before going to the rewind roller. Also, it has been 
suggested that drying of a printed sheet with radiant heat be effected in 
an atmosphere of rapidly circulated air.’^*- The latter is circulated so that 
the portion of air in contact with the printed sheet remains at room tem¬ 
perature. In this way, scorching of paper is said to be prevented. 

Fkjurk 51. Diiigraniinatio Side Elevation of Furnace for Removing Volatile 
Vehicles from Inks (R. Helmer). 

Quick Drying by Precipit.\tion 

In one method of i)reventing offsetting of sheets or web immediately 
after printing, the binder and pigment are precipitated from the ink com¬ 
position onto the paper. Quick-setting of inks which contain certain 
colloids or binders and a solvent may be brought about by adding an 
agent which is a diluent for the solvent but not a solvent for the colloid 
or binder. The binder is thereby precipitated or coagulated to produce 
a hard, adhesive, non-smearing film which occludes the pigment. The 
choice of diluent is dependent upon the liquid ingredient of the ink to 

be treated. 

British P. >174,005, 1037, to Stool Engravors Applianco Corp.; Brit. Chem. Ahs. B, 1938, 194. 
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The following is an example of an ink in which water may be used as 
the precipitating agent or diluent**^'*: 30 parts Peacock blue, 30 parts 
0.25-second viscosity nitrocellulose and 40 parts diethyleiie glycol mono¬ 
butyl ether. Another ink consists of 14 parts carbon black, 6 parts 
Prussian Blue, 47 parts ester gum, 31 parts diethylcne glycol monobutyl 
ether, and 2 parts Syncera wax (i.c., a petroleum wax, melting point 
140° F.). When diethylcne glycol monobutyl ether acetate is the solvent 
for the binder, the appropriate diluent is ethyl alcohol or a hydrocarbon. 
After printing, the web is passed over inclined rollers and while the paper 
is in this position, the diluent is sprayed upon it (Figure 55). This treat¬ 
ment precipitates the ink binder and renders it free of solvent. The final 
step consists of evaporating the diluent. When it is desired not to satu¬ 
rate the web or printed material with the diluent, other methods of pre¬ 
cipitation have been applied. Thus, a jet of saturated steam may be 
directed at the prints for one or two seconds.As a result the binder 
is deposited from solution, thereby effecting adherence of the pigment 
to the paper. 

Ink ■ 
Paper 

DiluenI 
Cylinder 

! Capillary 
cavities 

Enlarged view of cylinder surface 

Figure 55. Sketch of Apparatus for Effecting Drying by Precipitation 
(A. E. Gesslor, A. F. Guitcras, and C. F. Clarkson). 

A. E. Ocsfller, A. F. Quiteraa, and C. F. Clarkson, British P. 462,924, 1937, to International 
Printing Ink Corp.; Brit. Chem. Abs. B| 1937, 701; Chem. Abi., 1937, 31, 6490; Rev. Paint, Colour, 
Varnish, 1937, 10, 262. 

^British P. 468,384, 1937, to Interchemical Corp.; Chem, Abs., 1938, 32, 376; Rev. Paint, Colour, 
Varnish, 1937, 10, 413. 
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Diluting the solvent with molten wax will cause solidification of cer¬ 
tain ink mixtures.Inks for use with wax consist of a pigment dispersed 
in a solution of 0.5-second viscosity nilrocellulose in a high-boiling sol¬ 
vent such as dimethyl phtlialatc. Immediately after printing, the web 
is dipped into molten paraffin at 200-300^ F. Certain resins arc reported 
to be especially suited for inks of this type.^^® These resins include those 
of the alkyd type which arc synthesized from glycerin, fatty acids and 
phthalic anhydride, phenol-formaldehyde type, amide-formaldehyde, and 
oil-soluble gums such as manila gum or shellac. For intaglio printing 
the following composition has been suggested: 15 parts Prussian Blue, 
40 parts Rezyl A varnish, 15 parts Amberol K-12A resin, 30 parts 
toluene and 50 parts Rezyl 114 in benzene. An ink for use on type has 
been made consisting of 80 parts Lithol barium toner, 200 parts Lithol 
sodium toner, 560 parts blanc fixe, 220 parts lithopone, 50 parts chrome 
orange, 520 parts Rezyl C varnish, 300 parts Santolite varnish, and 85 
parts dimethyl phtlialatc. Materials printed with these inks may be 
dipped in molten wax, or the latter may be sprayed or brushed on. 

Cold Set Inks. Printing from hot plates with inks which are molten 

at temperatures of approximately 200^ F. but which arc solids at room 
temperature has been advocated to secure high-speed printing. Since 
the ink solidifies when it touches the cold paper web, merely by return¬ 
ing to its natural, solid state, the claim has been made that the faster 

the jiaper travels, the faster the ink solidifies. Also, it has been stated 

that there is no absorption of ink by the paper, no register problems and 

no washups except to change color.^^^ The cold set inks include offset 
(see page 265), rotary and flatbed inks. 

^0® W. W. Mock, U. S. P. 2,081,949, June 1, 1937, to International Printing Ink Corp.; Chem. Abs., 
1937, 31, 5188; Rev. Paint, Colour, Varmsh, 1937, 10, 342. Also British P. 468,233, 1937, to Intorna- 
lional Printing Ink Corp.; Chem. Abs., 1938, 32, 376; Rev. Paint, Colour, Varnish, 1937, 10, 342. 

looW. W. Mock, U. S. P. 2,086,428, July 6, 1937, to International Printing Ink Corp.; Chrm. Abs., 
1937 , 31, 6007; Rev. Pamt, Colour, Varmsh, 1937, 10, 342. 

Am. Ink Maker, 1940, 18 (2), 39. 



Chapter 9 

Planographic Inks 

Planographic printing processes constitute one of the major divisions 
of printing. These include all the methods of printing from flat or 
slightly etched surfaces, such as stone or metal plate lithography, offset 
lithography, and photolithography. These methods are based upon the 
fact that grease and water are mutually repellent. 

The word ‘'lithography’^ literally means writing on stone. This was 
the term which Alois Senefelder gave to his invention in 1796.^ One day 
he chanced to write a memorandum upon stone with crayon. The stone 
was of fine-grained laminated limestone still obtained from the Solen- 
hofer quarries near Senefelder’s home in Bavaria. The idea occurred to 
him that he might be able to make an impression on paper by dampening 
the surface of a design-bearing stone with water and covering the design 
with printing ink. The process proved successful. Elaborated and per¬ 
fected, it became available for commercial use. 

In the beginning lithography was carried out for the most part on 
“lithographic stones” of limestone. These were slabs cut about three or 
four inches thick. The surface was planed, smoothed by grinding with 
a mixture of sand and water, and finally polished with pumice stone and 
emery. For some types of work the surface was grained, either by hand 
with a muller and fine sand or by mechanical agitation using sand and 
small round marbles. It was found that metal plates could be employed 
as well as stone. Zinc plates came into commercial use about 1880. In 
1898 aluminum plates were introduced. 

The thin-rolled plates must be of high purity and free from defects. 
The surface of the metal plate is grained mechanically so that it will 
carry a film of water during printing. After graining, the surface is 
washed with water and then with an alum solution. The latter cleans 
and sensitizes the plate. 

Complete descriptions of the procedures used in lithography may be 
found in texts on the subject but the following resume is appropriate 
before considering planographic processes and planographic inks in 
detail.^ The lithographic image may be made upon properly prepared 

^ See A. Senefelder, “The Invention of Lithography," Translation by J. W. Muller, New York, 
Fuchs and Lang Manufacturing Co., 1911. 

*D. Gumming, “Handbook of Lithography," Second Edition. A. & C. Black, London, 1919; 
H. J. Rhodes, “The Art of Lithography," 2nd ed.. New York, D. Van Nostrand Co., Ine., 1924; 
C. Harrap, Chem. Trade J,, 1911, 48, 690; H. A. Maddox, Mod. Lithographer, 1918, 14, 6, 18, 49, 
7t; see also Chapter 1. 
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stone or metal surfaces by different methods. The design sometimes is 
placed directly on the plate by means of a pen, a brush or a greasy crayon 
(lithographic chalk). Prints made upon transfer paper can be repro¬ 
duced on the surfaces.'*^ Also photographic methods arc used for producing 
the design. In all but the last of these methods it is necessary that the 
image be produced in a greasy ink containing fatty acids. Subsequently 
the plate is sponged with an aqueous solution of gum arabic, and dried. 

* See Chapter 12. 
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Figure 58. 

Sencfcklcr’is Portable Hand 

Press, in the Deutsches Mu¬ 
seum, Munich. 

Courtrsy Tfir Pi nrosc Annual 

This treatment desensitizes the non-image areas so that, if kept damp, 
they will not accept ink. The original image or transfer is removed by 
“washing-out” with turpentine or similar agent and is rei)laced by rolling 
up the plate with a heavy ink, usually black. The plate then is etched 
with an acidic mixture, c.g., one containing phosphoric or nitric acid. 
Thus the surface of the plate which is not protected by the heavy ink is 
roughened so as to retain gum arabic and moisture more readily. After 
being washed to remove the etching solution, the plate again is gummed. 
The gum arabic sinks into the pores of the stone or adheres to the rough 
metal surface on the non-image areas. In the printing process the design 
which is in slight relief receives ink from leatlier-covered inking rollers. 
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To prevent the printing composition from spreading to the non-printing 
areas, the latter are kept moist by means of dampening rollers covered 
with felt or flannel. The lithographic ink and moisture being mutually 
repellent, it is possible to print only the desired design or lettering. 

Theory of Lithographic Printing 

Lithography was developed to considerable extent by empirical inves¬ 
tigations. However, from the advances which have been effected and 
from several critical studies which have been made, the fundamental 
principles may be understood. 

Limestone, being quite porous, will take up both ink on image areas 
and moisture on non-image portions. However, with metal plates it is 
necessary to grain and sensitize the entire surface. The graining process 
has been described above. To make the plates grease-receptive and 
grease-retentive, dirt and grease must be initially removed from the sur¬ 
face. Even freshly grained aluminum plates w'ill form a coating of 
aluminum oxide, or in the case of zinc, a film of basic zinc carbonate, 
ZnCOa .3Zn(OH)2. If the plates do not contain grease, these corrosion 
products are not harmful since they are basic and will tend to react with 
fatty acids of inks. However, it is general practice to sensitize the plate 
with a dilute solution of acid or acid salts. With aluminum plates, dilute 
aqueous solutions of sulphuric, oxalic, or citric acids are used. For sensi¬ 
tizing zinc, a water solution of nitric acid and alum is swabbed over the 
surface. Also, acetic acid and nitric acid, acetic acid and alum, or alum 
alone may be employed. One such solution comprises potash alum, 4 oz.; 
concentrated nitric acid, 1 oz.; water, 1 gallon. The thickness of the 
deposited film of sensitizing material increases with the amount of acid. 
Utilization of acid in quantities greater than that mentioned renders the 
film loose and friable. As a result the original image will not adhere to 
the plate. Properly cleaned metal readily receives the greasy ink of 
lithographic images. 

The action of the gum arabic solution in desensitizing the non-print¬ 
ing areas has been the subject of some discussion.^ One theory is that an 
insoluble film of aluminum or zinc arabinate is formed. However, it has 
been stated that this probability is doubtful. Gum arabic is a mixed 
calcium-potassium-magnesium salt of arabic acid, containing small 
amounts of free acid or acid salts.^ Chemical action between this sub¬ 
stance and a metal appears improbable. 

An interesting part of the phenomenon is that for effective desensitiza¬ 
tion the gum film must be dried on the metal surface before the bulk of 

* H. S. Blunt, “Gum Arnbic.” T/onclon, H. Milford, 1929. R. F. Reed, P. W. Dorst and S. C. 
Horning. Lith. Trch. Fouud. Bull. No. 3, 1928. F. J. Tritton, J.S.C.I., 1932 , 51, 299T; Chem. Abs., 
1932, 2^ 6163; Brit. Chwi. Abs. B, 1932 , 996. 

“For a resume of the literature on tliis subject see Q. L. Riddell, “A Physico-Chemical Study of 
Certain Aspects of Lithographic Printing," Thesis, London School ot Printing, London, 1929; Chem. 

Abt., 1931, 25, 1107. 
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the gum is washed off again. Tritton^ found that gum solutions of 
greater than 30 per cent concentration were equally effective. However, 
with more dilute solutions, drying before removing excess gum was said 
to be necessary. It has been suggested that a film of gum is adsorbed by 
the metal. Gum arabic was found to form an adsorbed film on zinc, 
aluminum, copper, silver, iron, tin, lead, glass and fused silica. The 
number and variety of substances uj)on which this action occurred seemed 
to preclude the explanation that the gum film might be produced by sur¬ 
face tanning in some way similar to that by which copper tans a gelatin 
surface.'^ If the film is formed by adsorption, it should, according to 
theory, be one or possibly two molecules thick.'^ However, experiments 
were stated to indicate that the films are composed of many molecular 
layers. Therefore it appears that the de.^ensitizing effect of gum arabic 
may not be entirely understood. 

To produce an image which will reject water and accept a good body 
of ink, it is essential that inks contain free fatty acids, since these acids 
are repelled by water. Tests made with a mixture containing 1 ])er cent 
acid, calculated as oleic acid, yielded only a moderately strong image.^^ 
When the acidity was greater than 4 per cent (as free oleic acid), a per¬ 
fect image was reported to be obtained. In licpiid lithographic drawing 
inks, which normally arc made up with soap, the addition of free fatty 
acids was stated to be unnecessary an<l undesirable. The soap alone is 
capable of forming the image since all fatty acid soaps hydrolyze to some 
extent in water and liberate fatty acids. Addition of fatty acids has 
been reported to cause livering of coloring matter and neutral greases in 
the ink. Lithographic crayons, which are used for drawing the design 
directly on the metal, contain substances such as beeswax, shellac, tallow 
and lampblack, melted together and formed into pencils. In litho¬ 
graphic crayons and in transfer inks, soaps tend to reduce the water- 
resisting properties. According to Tritton, the.'^c media should contain 
free fatty acids to produce tlie image. It has been found that a higher 
acid value is required to produce a strong image with lith()grai)hic varnish 
than with a neutral ink to which free fatty acids have been added. Oleic 
acid slowly attacks zinc, with formation of zinc oleate, thus aiding in 
forming a water-repellent image. In the case of aluminum the chemical 
reaction is so slow that it was assumed that adsorption of the fatty acid 
takes place on the metal surface. These observations explain why a 
higher concentration of fatty acids is rcciuircd in inks for lithography on 
aluminum than on zinc. Therefore, to prevent reduction of the image- 
forming capacity of the inks, addition of large (piantities of l)asic sub¬ 
stances such as magnesium carbonate, basic pigments or starch should be 

«F. J. Tritton, /. S. C./.. 1932 , 51, 299T (part I). 307T (part II); Chem. Aha., 1932, 26, 6163; 
Brit, Chem. Aba. B, 1932 , 966. 

’H. M. Cartwright ami F. J. Tritton, Phot, J., 1927, 67, 403; Chem. Aha., 1927, 21, 3568. 

■See I. Langmuir, J.A.C.8., 1916, 38, 2221; 1917, 39, 1848; Chem. Aba., 1916, 10, 3007; 1917, 
11, 2849. 

• F. J. Tritton, loe. cit. 
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avoided. Other alkalies which have been proposed as substitutes for 
magnesium carbonate include lime, chalk, alumina, magnesium oxide or 
zinc oxide. Although free fatty acids may cause some scumming of litho¬ 
graphic plates, their presence in inks is said to be necessary to produce a 
satisfactory image. 

As has been indicated in the above resume, the wash-out solution 
removes the transfer ink with which the image originally is made. The 
areas to be printed subse(]uently arc rolled up with a heavy machine ink. 
Wash-out solutions usually consist of bitumen dissolved in turpentine. 
For example, the solution may contain asphaltum powder 1 part, beeswax 
0.25 j)art, tallow 0.25 part, benzene 1 part, turpentine 5 parts, oil of tar 
0.25 ]>art, lavender oil O.G i)art.^^ During the wash-out process, the 
adsorbed fatty acid layer is covered with a film of bitumen. However, 
a thin film of as])haltum alone does not readily reject water or gum; 
therefore wax and non-acid greases are included in the solution. The 
deposited film is less resistant to nitric acid than lithographic ink. Since 
neither ink nor bitumen is entirely acid-resistant, the image area gener¬ 
ally is dusted with powd(‘red rosin and French chalk before etching. 

The initial desensitization of the non-])rinting areas with aqueous 
gum arabic was discussed jireviously. The adsorbed film of gum is said 
to be the most important agent in preventing the adsorjition of fatty 
acids. A second method of desensitization compri.ses converting the 
sensitive surface of tlie metal, which is basic, into a neutral salt which 
does not adsorb fatty acids. This is the action of etching solutions. 
Before the acc(‘ptanc(‘ of tlie idea of an ad.^^orbed film of fatty acids, the 
desensitization of metal plates by ])hosphate etches was not understood 
clearly. It was suggested that the surface of the plate was roughened, 
thereby accelerating reaction between gum and metal with formation of 
zinc or aluminum arabinates.^^ It was thought that the etch created a 
porous film which took up the gum and kept the non-printing areas 
moist. 

Etches usually contain jihosphates and deposit films of aluminum or 
zinc ])hos]ihates. The lithogra]ihic processes determine the compositions 
of the salt deposits. In the case of aluminum, the normal ortho-phos- 
jdiate, AIPO4, could be precipitated as it is insoluble in acetic acid, but 
soluble in mineral acids. One etch for aluminum consists of glacial acetic 
acid and phosphoric acid (85-i>er cent H3PO4) in water. Sometimes phos¬ 
phoric acid is used alone. Also etches may contain neutral salts which 
serve to reduce the solubility of the aluminum phosphate. Sodium 
nitrate and ammonium nitrate have been proposed for this i)uri)ose. 

Phosphoric acid alone is not entirely satisfactory for etching zinc. 
The metal efferve.sci's rc'adily in (he presence of this acid and the deposit, 

W. C. BrowiH*, “Offset Li(l\<iKrnphv,“ National T.ilhographor, New York, 1922. 
” H. A. Maddox, Modern lAthoqraphcr, 1918, 41, 71. 

C. IJlochcr, “Lohrbuch dor Repro<luktionstechnik,“ Vol. I, W. Knapp, Hallo A.-G., 1908. 
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i.e.y normal zinc phosphate, Zn3(P04)2, is soluble in the acid. Etches for 
zinc generally are made by adding ammonium salts to the acid. Zinc 
ammonium phosphate, ZnNH4P04, is deposited on etching. In some 
instances the etching mixture may contain no ammonium salt. For 
example, an aqueous solution of sodium and potassium phosphate, sodium 
and potassium nitrate and phosphoric acid (85-per cent H3PO4) has been 
advocated. Although phosphoric acid causes effervescence with zinc, this 
action is said to be considerably reduced by the presence of the phosphates 
and nitrates. 

In addition to their application in etching, such solutions may be 
employed during the printing process. They are considered to be effective 
in the dampening water for reforming the film if it is damaged or wears 
aw^ay. Also the dampening water is kept somewhat acidic, thereby pre¬ 
venting the formation of soaps through interaction of fatty acids of the 
ink with alkaline water. If the latter reaction were to take place the 
ink and water would emulsify. It has been found that when the pH of 
the dampening water is above 7, the layer of fatty acid which is present 
on the surface of the dampening water contracts to a half sphere. Since 
the water film on the metal plate is very thin, the fatty acids may come 
in contact with the plate and cause scumming. To keep the dampening 
water below pH 6, additions of etch arc advocated. A further use of 
etches is to remove any scum which has formed. This action depends 
upon the ability of the solution to penetrate ink, attack the metal or 

phosphate film, and lift the ink or scum. 

The phenomenon designated as ^^oxidation” frequently occurs in the 
various stages of lithographic printing. Thus new plates may oxidize 
on storage. Plates left ungummed after printing or improperly gummed 
plates may show effects of this action. ^^Oxidation” has been stated to 
be corrosion from atmospheric oxygen, and occurs in irregular spots on 
the plate because of the presence of impurities. The latter, chiefly cad¬ 
mium, lead or iron in zinc and iron or silica in aluminum, are electro- 
chemically negative with reference to the main metal.^*'^ Therefore, in the 
presence of water, couples arc set up which cause the zinc or aluminum 
to be oxidized. The aluminum oxide and basic zinc hydroxide or zinc 
carbonate which are formed, are ink-receptive. Unless the impurities 
are removed the reaction will continue until the surface of the plate 
becomes pitted. Zinc oxidation products may be removed by aqueous 
^^sensitizing’^ solutions containing nitric acid and alum. Aluminum oxide 
is not dissolved easily even by ''.sensitizing” solutions prepared from water 
and sulphuric, oxalic, or citric acid. Phosphate or gum films temporarily 
separate the metal plate from atmospheric oxygen but do not prevent 
oxidation. 

C. A. Krnus, “Propertiew of Kleotrirally C'omhicting .Sy«tpinj<,” New York, Clieniical Catalog 
Company (Reinhold Publishing Corp.), 1922. 
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Lithographic Printing Compositions 

Lithographic inks are said to be designed to fit the paper.^^ Rough 
or hard papers may be used, but soft paper, which is sized on both sides, 
is reported to be satisfactory for lithography.^® 

The lithographic printing compositions are very concentrated, since 
large volumes of ink cannot be handled practically in this process. As 
much pigment as possible is contained in a long and tacky vehicle.^® 
The inks usually are prepared from water-insoluble ingredients to inhibit 
bleeding into the water on the non-printing areas of the plate. To pre¬ 
vent bleeding of water-soluble coal-tar dyes, the latter are employed in 
the form of insoluble lakes.Lakes generally are sufficiently water- 
resistant so that bleeding docs not occur. However, in certain instances, 
other methods are utilized to render the pigments water-resistant. For 
example, a small proportion of zinc white (1 per cent by weight) has been 
suggested to inhibit bleeding of barium lakes of Pigment Scarlet 3B and 
other azo dyes. Basic lead acetate, as an anti-bleeding agent, is 
employed with lakes of Naphthol Yellow, Quinoline Yellow and Tartra- 
zine. Tannin, wlien employed with barium and tartar emetic lakes of 
Neptune Blue, Acid Green or Patent Blue, is stated to make these 
lakes insoluble in water. Fine grinding is recommended as an anti¬ 
bleeding procedure when using Lithol Red G. 

The ingredients of lithographic inks should not emulsify readily with 
water. If the vehicle is too thin, this phenomenon may occur. When 
emulsions are formed, greasing and tinting produces a tinted scum on the 
uninked portions of the printed sheet. On the other hand, if the vehicle 
employed is too tacky and long, the paper may tear, or transfers may be 
lifted from the stone. 

Smaller quantities of driers are employed in lithography than in 
typography. Since thinner ink films are utilized in lithography, rapidly 
drying compositions may require frequent washing of the form, thus 
decreasing the efTective life of the latter. Manganese, cobalt or lead 
linoleates and tungates do not bleed readily into the water on the non¬ 
printing areas of the plate and generally are preferred as lithographic 
driers. Combinations of driers such as lead and cobalt linoleates and 
precipitated manganese borate are advocated.'® For paste inks tereberic 
acid is recommended as a drier.'® 

The porosity of the paper and the crystalline structure or amorphous¬ 
ness of pigment and dried vehicle are important factors in drying. Uneven 
drying is said to be caused by rapid dessication of round particles of 

H. O. “Kncvclopodiu of Printing Lithographic Inks and Accessories.” New York, 
H. G. Kriegel, 1932. 

See Chapter 18. 
11. .1. Wolfe, "Manufacture of Piinting and Lithographic Inks,” New York, MacNair-Ooiland 

Co., 1933. 
For preparation of laked pigments see Chapter 6. 

««H. .1. Wolfe, loc. clf. 

Farbc u. Lack, 1931, 36, 125, 137, 161, 196 , 209; Rev. Paint, Colour, Varrxish, 1931, 4, 152. 
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drier.20 The type of pigment influences the rate of drying of linseed oil.^^ 
Pigments may be divided into three groups with reference to their effect 
upon oxidation of oils. The first group include inert substances, such as 
silica (silex). The second group consists of materials which decrease the 
rate and amount of oxidation, e.g., lithopone, titanium oxide, and barium 
sulphate. The third group comprises those pigments which retard the 
initial oxidation of the oil, but cause an increase in the total amount of 
oxygen absorbed, c,g., white lead carbonates and sulphates. 

Lead salts are said to act as pseudo-catalysts which promote the 
formation of autocatalysts, thereby increasing the rate of oxidation of oil 
when the latter is exposed to air. The catalyst is stated to be an oxi¬ 
dation product of the oil. T.ead driers do not a|)pear to have any effect 
on the total amount of oxygen taken up by the oil. However when tin 
plates are utilized lead driers should be avoided because of chemical 
action between the plate and drier.-- 

Iron salts have been suggested as j)igments for use in lithographic 
compositions.-^ Ten parts of peroxide of iron and 6 parts of protoxide of 
iron in solution are said to form a printing ink. 

Other ingredients have been ])roposed for use in lithograpliy.-^ Thus, 
petroleum jelly, paraffin and asphalt are utilized. Turpentine, ethyl 
alcohol, methyl alcohol and acetone have been recommended as solvents 
for resinous constituents of inks. Cdycerin is used to provide moisture 
by hygroscopic absorption from the atmosphere. As an ink-preservative, 
phenol has been recommended. Also, tlie latter may be reacted with 
aldehydes to ])r()duce resins for use in inks. In some instances camphor 
is employed as a resin-forming material. Starch is employed as a size 
and dextrine as an adhesive and binding agent for |)ai)er. rium arabic is 
utilized to coat the non-printing areas of the plate. Acetic acid is used 
as an etching solution for the latter. Sj)ermaceti, carnauba, and china 
waxes are employed as water repellents. Albumin has been suggested as 
an ingredient to increase the gloss of the printed material. 

The coloring materials employed in multicolor printing usually are 
made from certain basic colors or tints.-"’ In some instances, blends of six 
transparent colors are utilized.-® These are 1 yellow, 2 reds, 2 blues and 
1 gray. From these any desired shade may be produced.-^ 

G. HaoRPn.s, Technnloqie d’Imprimerie, 1937, 5, 1131; Rev, Paint, Colour, Vaminh, 1937, 10, 186. 

^ Farhe u. Lack, 1931, 36, 125, 137, 161, 196, and 209; Rev. Paint, Colour, VnmUh, 1931, 4, 152. 
F. H. RhmJps and A. E. vanWirt, Ind. Eng. Chcm., 1923, 15, 1135; Chem. Ah$., 1923, 17, 3922. 

® G. Haegpn.s, Technologic d’Imprimerie, 1937, 5, 1131; Rev. Paint, Colour, Varninh, 1937, 10, 186. 

aj. Kirchar, U. S. P. 110,048, Dec. 13, 1870; U. S. P. 119,IM, Sept. 10, 1871; J. Rojwinan, Am. Ink 
Maker, 1930, 8 (8), 21; (9), 23; (10), 27; (12). 27; 1931, 9 (1), 25. 

a J. J. Vandcvelde, Koninklijke Vlaamuche Aradamie voor Taal-tn Letterkunde, 1919, 493; Chem. 
Abi., 1920, 14, 3130; Chem. Weekblad, 1920, 17, 468; Chem. Abn., 1920, 14, 3300. 

®See; H. G. Kriegel, “Kncvelopedia of Printing Lithographic InkH," New Yf)rk, II. G. Kriegnl, 
1932. 

*• A. Rovira, Gar. Artes Graftc. Libro Ind. Papel, 1934, 12 (5), 13; Chem. Zentr., 1934, 105 (2), 1847. 

Combinationa of three color* have been proponed for trichromatic printing, which i* Uie method 
employer! by some lithographer*. (M. Leedcn, Lith. Offset Print., 1934 , 30, 162; Rev. Paint, Colour, 
Varnish, 1934, 7, 376.) 
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As a vehicle for colored pigments, a mixture of varnish, glycerin, 
tartar, an alkali salt and a resinous volatile oil has been suggested.^® 
The latter substance was said to act as a binding agent for the ink. 
Also, a composite of drying oil, isinglass (gelatin), graphite and pigment 
was proposed as a lithographic ink.^® The gelatin was heated with a 
polymerized drying oil at 130*^ C. until a fibrous material had formed. 
The latter was removed, and graphite incorporated into the clear solution. 
Pigment then was ground into this vehicle. 

Resinous binding materials have been suggested as ingredients of 
lithographic inks.'^^* For example, 150 parts of nitrocellulose, 50 parts of 
amyl lactate (or benzyl alcohol), 25 parts of an alkylbcnzene, 25 parts 
of amyl alcohol, 325 j^irts of denatured ethyl alcohol, and 50 parts of 
lampblack may be employed. In general, the solvents for the resinous 
materials include comjmunds boiling between 180 and 350° C., such as 
alkyl-substituted benzenes or naphthalenes which are liquid at ordinary 
temperatur(‘s. Among the resins which may be employed with these 
solvents are those i)repared from coumarone.®^ 

A binder which has been advocated for lithographic inks contains a 
semi-fluid asphalt or petroleum tar.^- These substances may be employed 
with linseed oil. Also, an aqueous solution of potassium dichromate, 
potassium prussiate, iron tannate, and aniline is stated to aid in binding 
gelatin inks designed for us(‘ on stone or zinc plates.*"^® 

A lithogra])h com])osition for machines having wiping mechanisms, 
may be prepared frf)m 235 j)arts of a low-viscosity nitrocellulose, 30 parts 
of castor oil, 100 parts of j)htlialic acid diethyl ester, 200 parts of phthalic 
acid dimethyl ester, 125 parts of ethyl benzoate, 60 parts of dammar resin, 
and 250 parts of zinc white.’*^ This ink is said to produce satisfactory 
])rints when small batches are continuously printed. However, if large 
batches are to be run, the water on the non-printing surfaces may with¬ 
draw soliibk* substances from the lacquer. The wiping action becomes 
less efTective undc'r these circumstances, and the ink-repellent surfaces 
may change their characteristics so as to start printing. 

Solutions of alkyd resins may be used in lithographic ink.^’’ One such 
ink was i)re])ared by mixing 25 parts of phthalic acid-glycerol and 75 
parts of succinic acid-glycerol condensation products. The whole was 
then dissolved in 100 parts of aceto-ethyl ester and 100 parts of denatured 
alcohol and ground on a ball mill at 140° C. for 2 hours. 

'•* J. AdrlsbcrRor niul U. I’riodnmmi, I’. S. P. 710,233, Sept. 30. 1902, to S. Wechsler. 
»W. G. Dewsbury nnd .\. Dnvies, T\ S. P. 2,014,760. Sept. 17, 1935; Chem. Abs.. 1935 , 29, 7678. 
“M. M. Wilson, U. S. P. 2,078.170. .\pr. 20. 1937; Chrtn. Ab».. 1937. 31, 4515. 

J. Murni.'^.son, T/irm. Ztu-, 1919, 43, 93, 109. 122; Clum. Abs., 1919. 13, 2607. 
“O. G. Holt, U. S. P. 412.184. Ot. 1. 1889; J. Rossmanii, Am, Ivk Maker, 1930 , 8 ( 8), 21, (9), 23: 

(10), 27; (12), 27; 1931. 9 (1), 25. 
™T. Ilam.sdell, U. S. P. 345,448. .July 13, 1886; J. Ro.^.^nian, Am. Ink Maker, 1930, 8 (8), 21; (9). 

23; (10), 27: (12), 27; 1931, 9 (1). 25. 
M British P. 335,074, 1930, to 1. G. Faibeiiind. A.-G.; Chem, Abs., 1931, 25, 1399; Brit, Chetn. 

ATm. B, 1930, 1120; Bev, Paint, Colour, Varnish, 1930, 3, 244. 

E. Knebel, A. Ililgel and H. Steinnieyer, German P. 591,456, 1934, to I. G. Fnibeiund. A.-G.; 
Chem, Abs., 1934 , 28, 2553; Bcv. Paint, Colour, Varnish, 1934 , 7, 196. 



250 PRINTING INKS 

Some lithographic inks contain wetting agents with drying oils and 
pigment. The surface active substances wet the pigment and drying oil, 
forming a stable dispersion. Wetting agents such as the mahogany 
sulphonates secured from mineral oils are used. One ink of this type 
comprises 1 part of Lithol Red and 9 parts of No. 00 varnish containing 
5 per cent by weight of mahogany sulphonates.^® 

Refined coal tar has been recommended for use in lithographic ink.®'^ 
To free the crude tar from disagreeable odors, 100 parts of coal tar are 
treated with 5 parts of caustic soda, followed by washing with 10 parts 
of hot water. The mixture is allowed to cool, and the water drawn off. 
The residue then is admixed with pigment and coal oil. Suggested pig¬ 
ments include manganese dioxide, aniline black, and lampblack. Instead 
of coal oil, turpentine, wax, fat, lard or tallow may be employed. 

A paste stated to convert typographic inks into lithographic compo¬ 
sition was prepared from 100-160 parts of gum dammar, 25-80 parts of 
petroleum, 290-430 parts of glycerol, and 120 to 260 parts of linseed oil 
varnish.®® The mixture is added to a typographic composition until the 
whole is sufiiciently viscous for lithography. Another composition, one 
part of which may be admixed with 5 to 15 parts of typographic ink, is 
said to contain 73 parts of petroleum oil, 21 parts of paraffin wax, 3 parts 
of magnesium carbonate and 3 parts of oleic acid.®® 

Bronze lithographic inks may contain bronze powder and synthetic 
resins dispersed in a drying oil. An illustrative example of such an ink 
is composed of 10 parts of esterified resin (e.g., alkyd resin), 60 parts of 
linseed oil, 40 parts of tung oil, 5 parts of sodium naphthalenesiilphonate, 
5 parts of dextrin, 1 part of lead resinate, and 100 parts of aluminum- 
bronze powder.**® 

Instead of sulphonated wetting agents, turpentine and wax have been 
advocated.^^ In some instances, the vehicle may contain water in addition 
to lithographic varnishes. For example, an aqueous solution of borax, 
cresylic and sulphuric acids was admixed with a lithographic varnish. 
Flour then was incorporated in the oil-water composite to furnish a 
vehicle for gold bronze.**® 

Fluorescent inks may be employed for lithographic printing.**® One 
such ink was prei)ared by dissolving 49 parts of dry white shellac, 1 part 
of Auramine O, 16 parts of butyl acetate, 3 parts of Rhodaminc B in 

H. Hoc*k»*l. V, S, P. 1,906,961, Mnv 2, 1933. to Twitchcll Prr»rpH.s (%>.; Rt v. Pamt, Colour, Vnr- 
m»h, 1934 , 7, 103; Brit. Chem. Ahjf. B, 1934, 1.57. Spc also Chapter 13. 

^J. Kircher, T. S. P. 132,840, \ov. .5, 1872; J. Rossman, Am. Ink .Maker, 1930, 8 (8), 21; (9), 23 ; 
(10), 27; (12), 27; 1931. 9 (1). 2.5. 

»H. Friwlmann, 1. S. P. 824,475, .June 26, 1906; J. Rossman, Am. Ink Maker, 1930 , 8 ( 8), 21; 
(9), 23; (10). 27; (12), 27; 1931, 9 (1), 2,5. 

»0. E. Hanh-r, T. S. P. 1,714,166, .Mnv 21. 1929; Chem. Abu., 1929, 23, 3587; Hcv. Paint, Colour, 
Varni$h, 1929, 2, 282; ftnt. Chem. Ahif. B, 1929 , 610. 

^ C7.e<*.hoslf)vak P. 47,430, 1934, to Aiiprbach, Weisflberger and Spol; Chem. Zentr., 1934, 105 ( 2), 
1851; Rev. Paint, Colour, Varninh, 1934, 7, 377, 

^^Omnan P. 604,019, 1934, to G<*br. .Jaenecke and F. Schneemann, Kom.-Gfs. auf Aktien; Chem. 
Abn., 1935, 29, 947; Rev. Paint, Colour, VamiMk, 1935 , 8, 109; Chem. Zentr., 1935, 106 (1), 1131. 

«M. Baer, French P. 681,201, 1929; Chem. Abn., 1930, 24, 4410. 
« J. L. Switser, U. S. P. 2,152,856, AprU 4, 1939. 
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38 parts methyl alcohol. Thirty-three parts of aluminum hydroxide and 
76 parts of saponified linseed oil were admixed with the alcoholic solution 
on a roller mill until the alcohol evaporated. It has been reported that 
the ingredients of this ink which fluoresce in the ultraviolet electromag¬ 
netic waves are the Auramine 0 and Rhodamine B. Each of these sub¬ 
stances must be present in a certain optimum quantity for maximum 
fluorescence. If either component is present in a greater or lesser amount, 
decreased emanation will result. The optimum fluorescences are additive 
for different substances. Hence, if optimum amounts of Rhodamine and 
Auramine are employed, a much greater amount of fluorescence is said 
to result than with either ingredient alone. 

For autographic (lithographic) printing, i.e., making facsimiles, spe¬ 
cial inks have been recommended.^^ The latter may be prepared by heat¬ 
ing virgin wax, and adding a mixture of soap, shellac and dragon’s blood 
to the melt. The whole then is ignited for approximately 5 minutes. 
The ignited mass subsequently is dissolved in hot water. Such an ink 
may be manufactured from 10 parts of virgin wax,^® which is heated 
nearly to ignition. At the high temperature attained in this manner, 
8 parts of soap, 16 parts of shellac and 8 parts of dragon’s blood are 
added. The mixture of these several ingredients is ignited for 5 minutes. 
The product is dissolved by boiling with 150-200 parts of water. The 
ingredient known as dragon’s blood is an exudate from draoema draco 
or calatnus draco trees. It is described as a red pigment resin, and its 
main tinctorial component is said to be composed of the benzoic and 
bonzoylacetic esters of dracoresinotannol. 

An alternate method of making autographic (lithographic) ink is to 
fuse gum copal with oil. The product is admixed with wax and tallow. 
The composite then is ignited. Soap, shellac, mastic and tallow are incor¬ 
porated with the ignited material, and ignition is continued. Subse¬ 
quently the flame is extinguished, the whole is cooled, and then ignited 
again and allowed to burn until the volume is reduced to one-quarter of 
the original volume. For printing, 1 part of the residue is dissolved in 
400 parts of water. 

Detection of alterations made in bank checks and other permanent 
documents often is an aid in uncovering possible forgeries or frauds. An 
ink which was reported to indicate changes subsequent to printing has 
been proposed.^^ The printing material comprises copperas (ferrous sul- 
I)hate), potassium dichromate, hydrochloric acid, sulphur flowers, zinc 
white and black union dye.^^ The mixture, after removal of water and 
alcohol, is ground into a lithographic varnish. The ink was stated to 

** Dndftrhr Itid. Ztg., 1870. 26; Ghent. Zrnt., 1870, 1 (3), 87. 
N iiHin wax is pure nnIiiIo ^^ax. ('T. L. Stixlnian, “Ciactiral Motlical Diotioiiary," William W<M>tl 

ami HaIiinior«\ 1^3.) 
E. Thorpe, "Dictionarv of AppUeil Chemistry,” London, Longmans Gretm & Co., 1913, Vol. 

IV, 279. 
<’J. Hendricks, U. S. P. 239,954, July 21, 1880. 
** Black union dye is the alcohol extract of logwotMl. 
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print a deep black, and to become red if treated with acids used in ink 
eradicators. 

Gum elemi is suggested for utilization in photolithographic inks.^® 
The inks are said to be applicable for printing with zinc plates and stone. 
For example, the ink may be prepared by melting and mixing together 
colophony (dissolved in turpentine), asphalt, yellow wax, suet, gum 
elemi, Marseilles soap, medium linseed oil varnish, and lampblack. 
Venice turpentine and a transfer ink may be employed as a substitute 
for the soap. It was stated that the ingredients should be moisture free, 
and that the vapors should not be permitted to burn during preparation. 

Decalcomanias frequently are made by lithographic processes.'^® 
Briefly, the impression is produced on gum which has a layer of starch 
between it and the paper. 

Lithographic inks are employed for metal, glass, ceramics, Cellophane, 
plastics, rubber, cloth, food, napkins, blotting pa])er, shellac surfaces, and 
vegetable fibers. Some of these compositions require heat treatment 
after application.®^ 

Lithoorapuic SrRFACP:s 

As described previously, the process of lithography involves making 
prints from flat or slightly etched surfaces, which arc subdivided into 
ink-adherent, printing areas and ink-repellent, non-printing portions. 
Various coatings have been applied to those plates, but they arc not con¬ 
sidered raised surfaces. 

The plates may be of stone, aluminum, zinc or wood.®- Non-printing 
areas usually are moistened with water. Greasy ink will be rei)elled to 
the printing areas, since the latter attract greasy or fatty printing com¬ 
positions. Printing areas are coated with ink-adherent material. 

The aluminum or zinc i)lates are “grained” or roughened by grinding 
or chemical action. This is the first step in ])reparing either stone, zinc 
or aluminum plates. 

A method of graining zinc lithographic plates with chemicals has been 
suggested.®-'^ The plate is treated with a cleansing mixture containing 
phosphoric acid, butyl alcohol and sulphonated Lorol.®^ Subsequently the 
printing surface is washed with cold and then with hot water. After 
rinsing, the plate is immersed for 30 or 40 minutes in an atpicous solution 
composed of zinc carbonate, ferrous sulphate and zinc dihydrogen phos¬ 
phate. The temperature of the solution is maintained at 190-200^ F. 

^ K. Kampmann, Phot. Correspojidcvz, 2(, 664; J. S. C. I., 1890, 9, 413. 

®®The methods of manufacture are di.<icu.‘(8eci in Chapter 12. 
Details of such prweescfi are describwl in Chapter 14. 

** A wood plate coatetl with chrurnatized Kelatin is described by J. N. Lniubort, niitish P. 1,124, 
1871; Chem. Zeutr., 1872, 3, 254; Brr., 1872. 5, 63. 

"W. 8. Field, U. 8. P. 2,126,181, Au*. 9, 1938; Chem. Ahn., 1938, 32, 7620. 

“Lorol’' is the tiade name of a ccminiercial product rx)ntnining a mixture of aliphatic alcohols 
formed by the high-pressure hydrogenation of coc^ut oil. (J. R. Ruhoff, J. A. C.8., 1933, 55, 3889.) 
(Carleton Ellis, “Hydrogenation of Organic Substances,” New York, D. Van Nostrand Company, 
1980.) (Carleton Ellis, “Chemistry of Petroleum Derivatives,” New York, Ueinhold Publishing Corp., 
1937.) 
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Aluminum or aluminum alloy lithographic plates may be treated in 
electrolytic baths so that they will retain water readily on the ink- 
repellent non-printing areas. The foils are suspended in a 0.5-per cent 
acid solution containing a mixture of lactic and oxalic acids. The bath 
has conductor bars connected to an alternating current supply and other 
bars are connected with positive terminals of a direct current supply. A 
lead electrode is connected to the negative terminal of the direct current 
supply. Both surfaces of the printing foils are said to receive treatment 
by this method.^'^ 

The methods employed in applying designs to the plates are: by draw¬ 
ing the image with crayon (in reverse), by decalcomania and by photo¬ 
mechanical means.Lithograpliic chalk, India ink, or Conte pencils may 
be employed in drawing the designs. 

Conte j)encils contain no grease and are employed for temporary 
drawings, whereas lithographic chalk is greasy and is used for the final 
drawing. The former usually are red in color whereas the latter are 
black. 

Also, India ink may be employed for drawing designs on lithographic 
stones. The inks generally (‘ontain beeswax, soap, shellac and pigment.^® 
A number of methods have been suggested for producing this ink. One 
composition is made by forming a stiff paste of lampblack with an aque¬ 
ous solution of gum arabic (or tragacanth). Another is prepared by mix¬ 
ing bleached beeswax, water-free grain soap, orange shellac, and carbon 
black. In some instances India ink may comprise mutton tallow, yellow 
beeswax, white grain soap, orange shellac, mastic, lampblack, and tur- 
I)entine. Instead of turpentine and mastic, soda ash sometimes is 
utilized. Also, tallow soap may be substituted for a grain soap. India 
inks usually are fused during the mixing process. 

Lithographic chalk or crayon is used for making designs on litho¬ 
graphic stones. The chalk may be prepared from yellow beeswax, light 
grain soap, lam])black, i)otassium nitrate (dissolved in water), and oil 
soap. In some instances orange shellac, mutton tallow, and an aqueous 
solution of soda ash may be incorporated. 

In drawing lithographic images on stone or grained metal surface, the 
figures may be made (in reverse) with a quick-drying, grease-resisting 
ink.*"*^ One such ink is reported to contain water, phosphoric acid (dis¬ 
solved in water-soluble gum), lampblack water-color, lampblack, oxalic 
acid and glycerol. 

When the image is completed the stone and the design are coated with 
a water-repellent, greasy printing ink. The latter may comprise asphalt, 
turpentine, black printing ink and ether. Subsequently, the ink-coated 

»H. Wolff, British P. 481,252, 1938; Chem. Abs., 1938, 32, 6712. 

“ See Chapter 12. 
See Chapter 11 for discussion of photomechanical processes. 

“H. Hndert, Farben-Ztg., 1926, 31, 2776; CAew. Aba., 1926, 20, 3824. 

»£. Aurich and F. Wolf, British P. 176,699, Jan. 26, 1921; Chem, Aba., 1922, 16, 2420. 
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design and stone are treated with pliosplioric acid in water-soluble gum. 
The whole then is washed with turpentine to remove the greasy ink from 
the image. The latter is somewhat resistant to the composition because 
of the ink with which it was drawn. The plate and coating are washed 
with water to remove the ink with which the design originally was made. 
The design remains as a series of grooves in the gummed coating, the 
bottom of the grooves being the lithographic stone itself. On printing, a 
light design on a dark ground is secured. 

Various compositions have been proposed for coating the non-printing 
areas of lithographic plates. Gum arabic or albumin solutions, contain¬ 
ing ammonium chromate, have been suggested for this purpose.®^ For 
example, the solution may be prepared by dissolving 1 part of ammonium 
bichromate in 16 parts of water and then incorporating in the mixture 
60 parts of a freshly prepared clear aqueous solution of gum arabic. The 
latter solution should have a specific gravity of 1.115 at 60 to 70° F. 
(14° Be.). The whole is poured on the plate and rubbed to dryness with 
a clean rag. The plate then is exposed to a 25-ampcre electric lamp, 
with 0.5-inch white flame carbons, at a distance of 48 inches. For alu¬ 
minum plates the time of exposure is 8.5 minutes, for zinc plates 10 min¬ 
utes. The exposed materials are washed with water to remove the non¬ 
adherent coatings. 

Table 30 indicates the relative proportions of the ingredients employed 
in chromatized albumin solutions. It may be noted tliat ammonia is used 
to keep the albumin in solution. 

Table 30.—Relative Proportions of Ingredients in Rei)rosentativo Formulas 
for DichromatizcMl Albumin.'” 

Ammonia Ammonia 
Approximate A<ldefl, Approximate Added. 

Solids Liquid Solid.s Liquul 
Content of Ounces of Content of Ounci*s of 
Solution, 28% Solution Solution. 28% Solution 

Calculated Avoirdupois for Each Calculated Avoirdupois for Each 
Dichromate: Oz. per Avoirdupow Dichromate: Oz. per Avoirdupois 

Albumin Liquid Oz, of Ounce of Albumin Liquid Oz. of Ounce of 
Ratio Solution Dichromate Ratio Solution Dichromate 

.057 .133 0.12 25 .078 1.2 

.095 286 Till Yellow 25 .078 2.0 

.14 .125 2.0 .30 .079 0.03 

.16 .192 Sometimes a little .30 .065 0 
25 .164 Till Yellow .33 .125 0 
.25 .156 0 .33 .111 1.5 
25 .104 0 .40 .068 0.6 
25 .098 0.8 .50 .125 0.75 
25 .078 0 .57 .172 1.0 

.57 .141 1.0 

.57 .100 0 

A plate oil or varnish, containing rosin, turpentine and linseed oil, 
has been recommended for preparing lithographic stones or plates prior 

®®R. F. Reed, Lithographic Technical Foundation, Research Bulletin No. 5; Am. Ink Maker, 1935, 
13 (8), 35; Rev. Paint, Colour, Varnish, 1935, 8, 402. Lithographic Technical Foundation, Research 
Bulletin No. 6. 

® R. F. Reed and P. W. Dorst, Lithographic Technical Foundation, Research Bulletin No. 6, 27. 



PLANOGRAPHIC INKS 255 

to printing and for diluting the inks.^‘^ Such mixtures are termed plate 
oils or plate varnishes. The latter generally are produced by warming 
1 part of turpentine and then adding to the hot liquid 1 part of linseed 
oil and 3 parts of powdered rosin. The product is said to be rapid¬ 
drying. 

Printing forms for lithographic work may be prepared on matted 
plates, rolls of glass, porcelain, or enamel. These materials first are 
washed with an aqueous solution of beet sugar and alum, and the excess 
liquid is dried. An image made with an ink, containing gallic acid and 
an iron salt, is transferred to the surface of the plate. After transference 
the plate is treated with a solution containing glycerol and boric acid. 
The whole then is rolled over with printers’ ink.®^ 

A printing surface which has been reported to withstand manipulating 
has been advocated.®^ The plate may be prepared on zinc. An image is 
produced on the metal with a fatty transfer ink. Gum then is applied to 
the non-printing areas and when the gum is dry, the ink is washed out 
with a fat solvent. A mixture of 80 parts shellac, 30 parts boiled (No. 0) 
linseed oil, 30 parts castor oil, 600 parts ethyl alcohol, 200 parts turpen¬ 
tine, 10 parts manganese borate, 5 parts aniline, 10 parts of mastic, and 
100 parts of xylene subsequently are placed on the gummed inkless sur¬ 
face. The xylene, alcohol, turpentine and aniline evaporate, leaving a 
hard, metal-adherent substance in the printing areas of the plate. 

When printing is done with amalgamated plates, modifying agents 
are added to the inks to maintain the plates in an amalgamated state.®^ 
For example, a saturated glycerol solution containing 10 parts of mer¬ 
curous nitrate and 1 part of silver nitrate may be admixed with litho¬ 
graphic ink in a volume ratio of ink to glycerol solution of 3:1. The 
amount of mercury on the plate is stated to be kept constant by this 
method. In some instances linseed oil is saturated with a 5-per cent 
aqueous solution of mercurous nitrate. The coloring matter is incor¬ 
porated into the mixture of linseed oil and mercurous nitrate. The mer- 
curized area of the plate is non-printing. 

An ink recommended for use in pantome printing (with mercury 
coated non-printing areas) comprises 52.25 parts of polymerized linseed 
oil, 35 parts of carbon black, 9 parts of Prussian Blue, 1.5 parts of mer¬ 
cury, and 52.25 parts of an aqueous solution (containing 2.5 to 5 per cent 
borax and 5 to 10 per cent shellac). The mercury was immersed in lin¬ 
seed oil (fatty acid content of 7.5 to 9 per cent). The mercury in the 
composition was reported to replace quicksilver lost from the plate and 
to prevent ^^scumming.”®® As a diluent, ‘‘white spirits” (gasoline) may 
be employed. 

«2C. Collins, U. S. P. 192,739, June 1, 1876; J. Rossman, Jw. Ink Maker, 1930 , 8 ( 8), 21; (9). 23; 
(10), 27; (12), 27; 1931, 9 (1), 25. 

Qennan P. 250,203, 1910, to H. Hurwitz Co.; Chem, Abs., 1912, 6, 3501. See also Chapter 12. 
A. Schlc-ssinger, British P. 407,047, 1934; Chem. Aba., 1934 , 28, 4851. 

«H. Renck, Gemmn P. 646,485, 1937; Chem. Aba., 1937, 31, 6490; Rev. Paint, Colour, Varnish, 
1937, 10, 842; German P. 561,283, 1929; Chem. Aba., 1933, 27, 1216. 

«»A. R. Trist, Britisli P. 307,535, 1927; Chem. Aba., 1929, 23, 5338; Bnt. Chem. Aba. B, 1929, 365. 
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Difficulties arising in lithographic printing with tin plates are said®'^ 
to be caused by grease rather than by the yellow coatings formed thereon. 
The yellow stain, on tin plates, is mainly produced by anodic oxidation 
as a result of differential aeration. Dilute aqueous sodium carbonate 
is stated to remove yellow stains, as well as any grease which may be 
present on the plate. 

To keep the non-printing portions of metallic plates ink-resistant, it 
has been suggested that an electric current be applied to the plate and 
maintained at such a voltage that the plate is etched so as to repel the 
ink.®® The voltage is applied across the dampening roller and the plate. 
The roller is of the same metal as the plate, and when the voltage is kept 
at a low value, metal is removed very slowly from the roller and electro- 
deposited on the non-printing portions of the plate. 

When it is desired to make a sample print (on paper) of a design 
intended for use on some other material (e.g,, linoleum), a special pro¬ 
cedure has been advocated.®® The dots comprising the designs on plates, 
for paper printing, are larger than the corresponding dots for linoleum. 
These differences exist because of the different spreading powers of ink 
on these materials. 

It was suggested that the design be printed upon an aluminum (or 
zinc) plate with the aid of oil pigments. The plate then was etched 
before the ink dried, and the plate washed free of etching solution. The 
lithographic plate may be employed for making impressions on paper. 
The method described above was recommended as general whenever the 
material of the sheets receiving the printed impression is to be changed. 

Dampening Non-printing Areas. The dampening operation in lithog¬ 
raphy is one which requires careful control. At most, only a thin film of 
moisture is required on the non-printing areas. To maintain the proper 
printing conditions calls for skillful pressmanship. Several methods have 
been suggested to obviate the difficulties of this procedure. 

Wechslcr proposed an ink mixture which would allow continuous 
dry printing without the necessity of moistening or wiping the printing 
plate. This composition consisted of the following: 500-550 parts of 
glycerin, 5-20 parts sodium carbonate, 12-20 parts of cream of tartar, 
150-180 parts of turpentine and 270-370 parts of varnish. After the 
formation of the image the non-printing areas may be made glycerin- 
receptive by means of a 0.5-1.0 molar solution of ammonium nitrate and 
ammonium phosphate.'^^ A thin layer of glycerin then is applied to these 
surfaces. Using a felt or sponge-rubber covered roller and an ink which 
is somewhat acid, a hundred or more prints were said to have been made 

« C. E. Be3mon, C. J. I..€adbeater, and C. A. Edwards, Tech. Pub. Intern. Tin Research Develop- 
ment Council, 1W5, Ber. D, No. 1; Chem. Ahs., 1935, 29, 6871; 'Brit. Chem. Ahs. B, 19^, 458; Rev. 
Paint, Colour, Varnish, 1935, 8, 516. 

• H. N. Durham, U. S. P. 1,895,125, Jan. 24, 1933. 
•M. R. Wood, U.S.P. 1,135,749, April 13, 1915; Chem. Abs., 1915, 9, 1551. 
^8. WeohBler, British P. 12,826, 1901; J.8.C.I., 1903, 21, 782. 
TiQ. 8. RoweU, U. 8. P. 1,976,039, Oct. 9, 1934, to Multigraph Co.; Chem. Abs., 1934, 28, 7561. 
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before replenishing the glycerin. Tinting or toning of the highlights 
may occur but this was stated to be cleared up by use of aqueous salt 
solution. Glycerin was reported to adhere to the metal surface during 
the removal of excess ink, to act as a protective coating for the plate, and 
to render the metal less sensitive to chemical reaction with the paper. 

One method of applying an extremely thin uniform layer of glycerin 
to the non-image area utilizes a thixotropic glycerin gel-covered roller.'^- 
This composition is made by allowing 100 parts of gelatin to soak for 
approximately 12 hours in 250 parts of water containing 20 parts of 
chloral hydrate. Three hundred parts of water then are added and the 
mixture heated at 60-65° C. until solution takes place. The product is 
mixed with equal parts of dissolved gelatin and glycerin to form the gel. 
A felt or sponge-rubber covering for the roll is the surface upon which 
the gel is placed. The thixotropic properties of the gel were stated to 
allow it to be liquefied by frictional contact with the plate, thereby 
depositing a thin, unbroken film of glycerin upon the areas which were 
not to be printed. 

In some instances lithographic ink is admixed with a grease-resisting 
material such as glycerin or glycol and a deliquescent substance, e.g., 
calcium chloride.*^^ The calcium chloride (or calcium nitrate, calcium 
phosphate, sodium lactate or sodium magnesium chloride) is added to the 
warmed polyhydric alcohol. Solvents may be used to help mix these 
substances with the ink. One such composition comprises 40-50 parts of 
glycerin, 5-10 parts calcium chloride, 2-5 parts potassium phosphate, 
2-4 parts carbolic acid, 4-10 parts liquid gum (gum arabic or tragacanth) 
and 140-180 parts lithographic ink. 

Another emulsion-type ink has been advocated to wet the portions of the 
lithographic stone which arc to have ink repelling properties.^'^ The need 
for moistening apparatus was said to be eliminated by emulsifying greasy 
ink with an ink-repellent aqueous solution. For example, an ink may be 
prepared by mixing 16 parts of greasy lithographic ink with 0.5 part of 
a saturated solution of sodium hyposulphite, 0.5 part of glycerin, 0.5 part 
of rubber cement, and 0.5 part of nicotine (in solution with 0.25 part 
of benzene). 

When this emulsion is applied to a lithographic plate, the greasy ink 
is stated to deposit upon the printing portion of the plate, while the 
aqueous phase, which separates from the ink, wets the non-printing areas. 

An emulsion ink, containing glycerin, ammonium phosphate, ammo¬ 
nium nitrate, varnish and lampblack, has been recommended for plano¬ 
graphic printing. The ink is said to eliminate the necessity for a moisten¬ 
ing apparatus."^® After the plate is grained and the image applied, the 

^Q. S. Rowell, U. S. P. 1,902.06«. March 5, 1035, to Multigraph Co.; Chem, Ab$.» 1035, 29, 2632. 
WF. C. Fitzgerald, British P. 159,800. 1920 ; Chem, Abs., 1921, 15, 2199. Also U. S. P. 1,406,837, 

Feb. 14, 1022; Chem. Abs., 1922, 16, 1875. 
«J. V. Mehl, U.S. P. 1,058,811, May 8, 1934; Chem. Abs., 1934 , 28, 4255. 
" V. Diet!, U. S. P. 1,802,875, Jan. 8, 1033, to Multigraph Co.; Chem. Abs., 1033, 27, 2262. U. S. P. 

1,741,758, Deo. 18, 1029; Chem. Abs., 1031, 2S, 8180. 
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plate is washed with a solution containing 1 part of ammonium nitrate, 
4 parts of ammonium phosphate, 20 parts of glycerin, and 75 parts of 
water. This treatment causes the non-printing portions of the plates to 
become ink-repellent. 

The printing composition consists of an emulsion of glycerin and var¬ 
nish and ia composed of 1 part of ammonium nitrate, 4 parts of ammo¬ 
nium phosphate, 20 parts of glycerin, 52.5 parts of varnish, and 22.5 parts 
of lampblack. When the ink is applied to the plate, the emulsion is said 
to be broken. The glycerin goes to the non-printing portions of the plate 
and is held by the attraction of the inorganic salts for glycerin. The 
varnish and pigments deposit on the printing portions of the stone. 

Also it has been recommended that sulphates be used to moisten the 
non-printing areas. The method is outlined below. After the ink image 
has been made upon an aluminum plate, the surface is covered with a 
5-per cent aqueous solution of the nitrate or sulphate of aluminum, nickel, 
iron or copper. Upon drying, a thin layer of crystals or particles is 
deposited upon the fat-free areas. This film prevents ink from adhering 
on the non-image areas. The salt crystals are replenished by adding an 
aqueous solution of metallic nitrate or sulphate (3-8 per cent) to the ink. 
It was reported to be possible to make tone-free prints, using aluminum 
plates, without mechanical dampening of the non-image areas. 

An ink, prepared especially for work with chilled presses, is said 
to give better impressions than are obtained with compositions employed 
on steam-moistened stones. The metliod involves chilling the press 
below the dew point of the surrounding air. This results in condensation 
of atmospheric moisture on the non-printing parts of the lithographic 
stone. However, inks containing stearic acid, tallow, gum mastic, paraf¬ 
fin and beeswax would not be satisfactory on chilled presses because they 
would tend to solidify. 

A blue ink, said to be applicable under these circumstances, contains 
35 parts of Milori blue, 18 parts of plate oil, 1 part of wool fat, and 
3 parts of gum arabic emulsion. The plate oil is made by burning lin¬ 
seed oil with hot irons, until some of the greasy characteristics of this 
liquid are eliminated.’^'^ 

Lithographic Ink Modifying Agents 

As thinning agents for photolithographic or collotype inks, terpineol, 
terpinyl acetate, linseed oil, rosin oil or turpentine have been suggested.*^® 
Terpineol or terpinyl acetate were recommended for photolithographic 
compositions containing boiled linseed oil, varnish and pigment. Usually 

wj. a. Goedike, U. S. P. 1,936,629, Nov. 21, 1933; Chem. Ahs., 1934 , 28, 917, U. S. P. 2,110,216, 
Mar. 8, 1938; Chem. Aba., 1938, 32, 3626. 

f^The ink described above is of the emulsion type. Other lithographic inks of this class are 
described in Chapter 13. 

* P. F. Renwick, British P, 472,938, 1937, to Kemitype Co.; Chem. Aha., 1938, 32, 1965; Brit. 
Chem. Aba. B, 1938, 693. French P. ^,988, 1938; Chem. Aba., 1988, 32, 6648. 
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5 to 25 per cent, by weight, of thinner is recommended for use in inks. 
Rapid drying is said to result when using the tcrpinyl acetate because 
of its volatility. It was stated that white colors are not affected by 
these thinners. 

A thinner for lithographic ink, which is reported to prevent blistering 
or peeling of the dried ink, to maintain color strength, and to promote 
the production of smooth impressions, has been proposed.'^® For example, 
a mixture of 20 parts of tallow, 60 parts of lard, 10 parts of beeswax, 
2 parts of lavender, and 8 parts of starch may be utilized. When yellow 
or red colors arc employed, 1 ounce of the thinner, 5 pounds of ink and 
1 ounce of varnish arc the suggested quantities. For black or brown 
compositions, 1 ounce of the above thinner to 5 pounds of ink are used. 

Another diluent for litliographic compositions comprises 280 parts of 
varnish, 540 parts of glycerol, 6 parts of alkali salt, 14 parts of tartar, 
and 160 parts of volatile resinous oil.®® The resinous oil acts as a binder. 

A suggested tone-protecting agent for lithography consists of an aque¬ 
ous solution of phosphoric acid, tartaric acid, sodium chloride and gum 
arabic.®^ The composition is recommended for color printing. 

Modifying agents, for producing prints with a raised dull finish, were 
stated to be secured from carbohydrates (sugar), reducing agents (sul¬ 
phur), bodying agents (alum), and a fusible ingredient (naphthalene).®^ 
While the prints (on the paper) are moist, a powdered varnish material 
of the above ingredients is sprinkled over the wet ink, and heat is applied 
to render the powder soluble in the ink. Lycopodium may be employed 
as a component of the powder to hasten drying. The ink, after being 
dusted, is heated so that the naphthalene will melt. Also, heating pro¬ 
motes reduction by the sulphur. Prints made in this manner are reported 
to resemble work produced by embossing dyes. 

Water color effects have been reported obtainable with lithographic 
procedures.®® After the print has been made, the picture is covered with 
varnish and a transparent drying oil. Before this coating has dried, 
potato meal is applied to the surface. After the absorption of the meal 
has proceeded as far as possible, excess meal is removed. Images pro¬ 
duced in this manner are said to have subdued, plastic and uniform 
coloring. 

Solvents for Lithographic Inks 

Trichloroethylene has been recommended as solvent for inks for high¬ 
speed printing. Also, the halide is non-inflammable. Approximately 42,000 
impressions per hour is reported as being a common rate of production 
with inks containing trichlorethylene. As the paper web leaves the press, 

wj. J. Schepp, U. S. P. 669,552, Mar. 12, 1901. 
J. Adelsberger and H. Friedmann, U. S. P. 710,233, Sept. 30, 1902, to Simon Wechsler; J. Ross- 

man, Am. Ink Maker, 1930, 8 (8), 21; (9), 23, 41, 43; (10), 27, 29, 41; (12), 27 , 29 ; 9, (1), 25, 27. 

M J. Roll, German P. 240,836, 1911; Chem. Ab»., 1912, 6, 2150. 
MA. J. Nemeo, U. S. P. 1,123,917, Jan. 5, 1915; Chem. Aba., 1915, 9, 763. 
w C. Fuchs, German P. 243,030, 1911; Chem. Aba., 1912, 6, 2298. 
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fans remove the vapors of the halide. The latter are absorbed in acti¬ 
vated carbon. A recovery of 55 to 65 per cent of solvent is reported. 
The fans are said to rotate at a rate of 500 meters per minute to evapo¬ 
rate 30 kilograms of trichlorethylene per hour. 

Alkyl-substituted benzenes and naphthalenes boiling in the range 
180-350° C. have been recommended as solvents for printing inks.*^ 

These substances are stated to have high solvent power for binders, gums 
and resins, and to have low surface tension, low viscosity and moderate 
evaporation rates. An illustrative example of such an ink contains 150 
parts nitrocellulose, 50 parts amyl lactate, 25 parts alkyl-substituted 
benzene, 25 parts amyl alcohol, 325 parts ethyl alcohol and 50 parts 
lampblack. 

A solvent, which is said to be adaptable to lithography, contains petro¬ 
leum distillates, pine oil, ester gum, and castor oil.*® The product is 
reported to have properties practically identical with those of turpentine, 
except that this solvent is not a dermal irritant, whereas turpentine causes 
dermatitis. 

The ingredients of the above material must possess the following 
properties: 

Substance Flush Point Boiling Range 

Motor gasoline Below 32“ F. 110 to 400° F. 

Benzene About 95° F. 210 to 400° F. 

Stoddard solvent 
(Naphtha for dry-cleaning) 

95" F. 300 to 380° F. 

Dry cleaner’s naphtha 37° F. 200 to 230° F. 

Pine oil 
(Water-free: sp. gr. 
530-.960 at 68" F.) 

160° F. 386 to 426° F. 

Ester gum must be light in color and have an acidity of from 6 to 7. 
Castor oil must be refined and free from rancidity. 

One such solvent was prepared by mixing 2 lbs. of ester gum and 
1 lb. of castor oil in a 2-gallon enameled bucket. Agitation and heat 
were applied, at a temperature of 200 to 250° F., and stirring was con¬ 
tinued until the ester gum was dissolved. The fire was extinguished as 
soon as solution was achieved, and 10 pounds of anhydrous pine oil were 

added to the solution, agitation being applied during and after the addi¬ 
tion. One pound of the product resulting from the above process was 
added to 1 gallon of petroleum distillate. 

MM. M. WiUon, U.S.P. 2,078,170, April 20, 1037; Chem. Ab>., 1037, 31, 4S15. 

** R. F. Reed and Q. A. Reed, Lith. Tech. Foundation, Inc,, Research Bull., No. 7. Research 
Series No. 8, 1833; Rev, Paint, Colour, YanUeh, 1937, 10, 184. The trade names for this material 
are “Lithotine” or *'Litlioterps.^’ 
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Offset Printing 

Offset printing is an adaptation of the principles of lithography to 
printing from curved metal plates. In this process, ink is passed from 
an etched metal surface to a revolving cylinder covered with a rubber 
blanket and then is transferred from the blanket to the sheet which is to 
be printed. Essentially, an offset press consists of three cylinders of 
equal circumference: the plate cylinder, the blanket cylinder and an 
impression cylinder. These are placed so that, on revolving, the rubber 
blanket first comes into contact with the curved etched plate, which is 
carried by the plate cylinder, and then with the impression cylinder 
which carries the sheet to be printed. As in flat lithographic processes, 
one set of felt or flannel covered rollers dampens the plate with water 
while anothc'r set of composition or leather covered rollers distributes the 
ink on the plate. 

The methods of preparation of and the conditions for printing from 
curved etched plates are practically the same as for the flat surfaces. 
Zinc is the metal most frequently used. It is economical and for most 
purposes it is said to be as satisfactory as aluminum. However, alumi¬ 
num plates are preferred by some lithographers because the brightness 
of the plate allows observation of tone qualities and color values of 
images. The fine, lasting grain and water-receptive coating of hydrox¬ 
ide, characteristic of aluminum, are said to make for durable plates, that 

Courtemj/ Flarris Svybold Potter Co. 

Figure 59A. Single-color Offset Press, 17" X 22". 
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can be stored for long periods of time, without the work ^'thickening” or 
''growing.” Aluminum has a high resistance to atmospheric corrosion 
and to many chemicals, with the exception of strong alkalies. 

Methods employing transfer papers or photolithography are the more 
frequent techniques utilized in production of images upon the grained 
metal. The plates are treated with gum arabic solution, and etched with 
phosphoric acid, as described previously. The light metal plates are 
curved and fitted to the plate cylinder. Greater printing speed is attained 
by employing this rotary process than with stone or metal plates and 
flatbed presses. 

The general characteristics of offset printing inks are similar to com¬ 
positions used on stone lithographic presses. However, since it is trans¬ 
ferred from plate to blanket and then to the paper, the ink must have 
properties that will permit this operation without loss of any printing 
characteristics.®"^ The type of paper to be printed also determines the 
l^roperties of the ink. The terms "heavy,” "soft,” "short,” and "long” 
are employed in describing the characteristics of offset compositions.®® 
A long ink is one which is stringy or of molasses-like consistency. Short 
ink has the consistency of lard. The ink stays in one spot, without 
creeping. Offset inks are not prepared in standard grades. As a result, 
it is common practice for the lithographer to buy a heavily bodied ink 
and to regulate the consistency to fit his particular requirements. 

Linseed varnish apparently is the most satisfactory lithographic 
vehicle. It should be free of acid to minimize chemical action on the 
plate. A vehicle having the consistency of No. 1 lithographic varnish is 
used for the majority of offset inks. The viscosity of the resulting ink 
will var\" with the particular pigment to be ground into the varnish. The 
behavior of the ink during offsetting is the main criterion for the ink’s 
composition. With each revolution of the press, a thin layer of ink is laid 
on the paper.®® The ink must adhere to but must not raise fuzz from the 
surface of the paper. As a general rule, soft surfaced papers take litho¬ 
graphic inks better than hard ones. With soft bond or cheap sulphite 
l)apcr, a medium bodied ink is employed. If the ink has a heavy body, 
it should be thinned with number 00 lithographic varnish. If there is a 
fuzzy surface on the paper, as on newspapers, kerosene may be included 
in the ink to prevent lifting of too much lint. However, an excess of 
kerosene, machine oil or hydrocarbon oil in the ink permits too much 
penetration into the paper. This results in flat, lifeless work. With 
proper offset paper and ink, the printing is characterized by a softness 
which is diflBcult to obtain by direct letterpress printing.®® 

Pigment concentration is of relatively great importance in offset inks. 

K. J. Filler, Nat. f.ith., 1035, 42, 28; Jtrv. Paint, Colour, Var7ii,<J}, 1935, 8, 207. 
P. Fiech, Thi' Oftcial Prmtnu, Ink Maker, 1934, 4, 14. 

F. acesc. Nat. Lith., 1937 , 44 (3), 44; Rev. Paint, Colour, VamUh, 1937, 10. 95. 

C. F. Geesp, Nat. Lith., 1937 , 44 (1), 52; Rev. Paint, Colour, VamUh, 1937, 10, 95. 

«• P. Fiech, The Official Printing Ink Maker, 1934, 4, 14 
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In printing, a very thin film of ink is transferred from plate to blanket 
to paper. For this reason, the coloring agents utilized must be tinc- 
torially strong. Further, the quantity of pigment employed is somewhat 
greater than in other types of inks. In most instances the concentration 
of pigment is higher than that of vehicle, and the ink is said to have a 
pigment body rather than a varnish body.®^ Also, pigments for offset 
printing must be impervious to water and dilute acids. These properties 
are necessary to prevent bleeding of the pigment on the moistened, non¬ 
printing areas of the plate.®^ 

Inks that do not change consistency readily, as a result of absorbing 
moisture, are said to be desirable for employment on offset presses.®^ It 
has been stated that good offset inks contain 12 to 15 per cent of water 
as emulsion at the moment of printing. The emulsions are of water-in- 
oil type to prevent greasing of the plates. Emulsification makes the inks 
shorter. However, if the ink becomes too short, piling of the composition 
on the rollers results, with consequent poor distribution on the plate. 
Therefore, the quantity of water utilized in preparing inks should be 
regulated. 

Cobalt linoleate is recommended ®^ for offset inks because it is stated 
to prevent leaching out of the paste driers, which results in the coloring 
of the blanket by chromates. Lead and manganese hydroxides arc said 
to cause such leaching and should be avoided. 

Cobalt and manganese driers as well as turpentine are reported to 
cause oxidation of the rubber surface of offset blankets.®'* Embossing or 
swelling of the rubber has been observed when ink vehicles or cleaning 
solvents are absorbed. 

Trichromatic color work has certain limitations®® and requirements. 
The three colors should be so balanced that neutral gray or black will be 
produced. Yellow compositions must be complementary to the green 
and should reflect red and blue-violet as well. Blue compositions should 
be greenish blue and complementary to the spectrum red and should 
reflect green, blue and violet. 

It is said to be impossible to obtain bright spectrum green in three- 
color work because no greenish blue pigments or lakes are known which 
reflect a sufficient amount of green light. Blue or blue-violet shades 
produce a dull green. 

Also limitations are placed upon violets. Muddy violet will result if 
red does not reflect violet to the same extent as blue. Black is produced 
instead of violet, when the red employed is vermilion. Bright violets are 

«i4m. Printer, im, 108 (5), 22. 

•» For some offset ink formulas see H. J. Wolfe, “Manufacture of Printing and Lithographic Inks,” 
New York, MacNair-Borland Co., 1933. 

** A. Qrunder, Am. Ink Maker, 1088, 14 (3), 28, 27; Rev. Paint, Colour, Varnish, 1938, 9, 876; 
Chem. Abi., 1937, 31, 8034; Am. Pressman, 1038, 48 (7), 24. 

•• A. Qrunder, loc. cit. 

^ R. F. Reed, Lithographic Technical Foundation, Research Bulletin, No. 5. 

^M. Leeden, Modem Lithographer and Offset Printer, 1934, 30, 188, 182; Rev. Paint, Colour, Kar- 
nUh, 1084, 7, 378. 
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said to be impossible because blue does not reflect completely all violet. 
However, printers have been able to produce brilliant greens or reds by 
sacrificing certain shades. Brilliant green is obtained if the orange shades 
are sacrificed. Brilliant red is produced by sacrificing violet tones. 

Phosphotungstic colors are suggested for offset printing.®^ These are 
available in purple, green, blue and red shades. These colors are said to 
be permanent and strong tinctorially. Another color which is recom¬ 
mended is Syan Blue, which is permanent, strong, and acid or alkali 
resistant. 

The inks used for color printing in offset work require special modi¬ 
fiers To prevent sticking and smudging of freshly printed superimposed 
sheets a minimum quantity of an ink containing the lowest practical 
amount of varnisli has been recommended. High-speed machines tend 
to cause picking, or adherence of paper to the plate. The latter difficulty 
may be avoided by adding an offset paste and diluent to the ink. The 
shade of colored inks may be reduced with transparent white. In over¬ 
printing with bronze inks, 2 to 3 per cent of chalk is added to improve 
the appearance of the ink. 

Drying of colored inks involves problems somewhat different from 
those found when using carbon black inks. Blue or violet compositions 
arc said to dry slowly. Potassium chromate inks should contain no 
driers, since a hard gloss film would be produced, which hinders overprint¬ 
ing with other colors. Driers for color work usually arc powders rather 
than pastes. The latter, if used in a quantity of more than 5 per cent, 
would lighten the color shade, which is undesirable. Liquid driers should 
be avoided to prevent lightening of the colors. 

Inks which are solid at ordinary temperatures and which are applied 
hot, in a melted condition, have been recommended for offset printing.®® 
These pastes or paints contain a large amount of color pigment and hence 
produce very intensely colored prints. The paper on which the offset 
blanket prints must be heated. 

An illustrative example of such an ink contains 28 parts of soot, 15 
parts of Prussian Blue, 15 parts of medium varnish, and 7 parts of weak 
varnish. This composition is melted in a pot at a temperature of 130 to 
140° C. and is printed without dilution. 

Ninety per cent of all offset compositions are reported to contain lin¬ 
seed oil.^®® It is said that offset color printing is a very delicate form of 
work, and even slight variations in the composition of the ingredients 
employed in the inks may produce undesirable prints. Some offset print¬ 
ers state that linseed oil, because it is a natural product, varies greatly in 

®^J. Bockelt, Photo-Lithographer, 1937, 5, 28; Share Your Knowledge Review, 1937, 49; Rev» Paint 
Colour, Varnish, 1937, 10, 512. 

^ Papi&r-Ztg., 1937, 62 (54), 898; Rev, Paint, Colour, Varnish, 1937, 10, 259. 

" Qominn P. 586,742, 1934, to Chem. Fabr. Halle-Ammendorf Gobr. Hartmann; Chem, Zentr,, 
1934, 105 (1), 468; Rev. Paint, Colour, VamUh, 1934, 7, 102. 

^®®J. Beckett, Photo-Lithographer, 1937, 5, 28; Share Your Knowledge Review, 1937, 49; Rev. 
Paint, Colour, Varnish, 1937, 10, 412. 
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composition. Hence it is advocated that synthetic vehicles syn- 
ourin oil, paracoumarone resins in a solvent, Tekaolsor, especially proc¬ 
essed petroleum derivatives) be employed for color printing since these 
oils vary to a lesser extent in their properties than does linseed 
Several other advantages are reported by the users of inks containing 
^^synthetic’^ vehicles. These are: 

(1) The inks will run with a small quantity of acid in the water 
fountain. 

(2) The offset printing compositions will lift cleanly off the blanket 
and produce stronger impressions with the same film thickness as 
is employed with inks containing linseed oil. 

(3) Dusting bronzes are reported not to adhere readily to ink films 
containing “synthetic’^ vehicles. 

(4) Drying is more rapid with ^^synthetic” vehicle compositions than 
with linseed oil. 

(5) The dried films are more rub- and scratch-proof than are linseed 
oil films. 

(6) At 250*^ F. ^'synthetic^’ vehicle inks are said to dry in 6 minutes, 
compared to 20 minutes for linseed oil inks. 

Dry offset color printing may be done with compositions containing 
vinyl ester condensation products in a glycerol-miscible solvent A dry 
offset color of this type was composed of 80 parts of Milori Blue, 12 parts 
of a moisture-maintaining solution, and 5 parts of a resin solution. The 
moisture-maintaining solution cohtains 90 parts of glycerol and 10 parts 
of potassium tartrate. The resin solution contains 40 parts of vinyl ester 
resin, 20 parts of diacetone alcohol, and 40 parts of ethylene glycol mono¬ 
acetate. 

Offset gloss inks present many problems to the printer.^®^ Among 
these are prevention of offset and of greasing and scumming of the plates, 
the development of special papers, and the attainment of greater length 
and flow. No-offset sprays are a feature in gloss printing. The papers 
recommended for this work are hard, supcrcalendered stocks. High-gloss 
enamel and varnish grade papers which are coated on one side usually 
are employed.Gloss prints will dry in 0.5 hour, but should be 
winded at the end of this time to prevent sticking. Scratchproof prints 
are made with 2 or 4 colors. 

See Chapter 3. 

Dry offset printing is a mechanical printing process in which no darnpening rollers are employed 
on the plate. (H. J. Wolfe, “Manufacture of Printing and Lithographic Inks," MacNair-Dorland 
Co., New York, 1933.) 

i»M Gennan P. 600,868, 1935, to Chetiiische Fabrik. Hallc-Ammendorf Gebr. ITurtniHun; Chern. Ab«., 
103.5, 29, 6283. 

10*11. J. Butler, Photo-L^tho^/raphrr, 1039, 7, 18; Am. hik Maker, 1939, 17 (3), 19. 

For further information see Chapter 18. 
“Winded" means to separate the prints so that they will be ventilated by air. 
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In color printing, an overprinting varnish may be employed to pro¬ 
duce high-gloss overprints.^®'^ The varnish is applied to the printed image. 
This coating composition is transparent and may contain oil-soluble dyes, 
or be mixed with transparent pigments. An example of such a varnish is 
composed of 200 parts of linseed oil, 100 parts of hard resin, 15 parts of 
aluminum stearate and 5 parts of cobalt linoleate. Another varnish of 
this type is said to contain China Wood oil, hard resin, aluminum palmi- 

tate and lead salicylate. 
For the reproduction of documents, offset printing has been recom¬ 

mended.^®® An original drawing is made with aniline ink on a sheet or 
plate. Subsequently, a rubber surface which has been treated with 
glycerol is impressed on the original. Copies on paper are made directly 
from the treated rubber. The glycerol compound consists of 75 parts of 
glycerol, 25 parts of water and 1 part of spiritus saponitus (methyl alco¬ 
hol and potassium oleate). This mixture is smeared evenly over the rub¬ 
ber surface and wiped over with a soft rag until the rubber appears dry. 

Offset ink usually is prepared as a highly viscous composition. The 
printer thins the mixture until the consistency of the ink fits his require¬ 
ments. It is reported that the thin inks produce good impressions 
because the ink will enter the recesses of the plate easily.^®® 

A thinner or vehicle for oiTset compositions is reported to contain 
15.9 parts of castor oil, 22.1 parts of lithographic varnish, 26.6 parts of 
stearin, and 35.4 parts of turpentine. This mixture is said to give the 
])roper consistency to offset inks when 14 parts of thinner are admixed 
with 86 parts of ink. The original ink should contain 35 to 40 per cent 
of ])igment. 

An ink, said to be similar to the thinned blend above, comprised 34.4 
parts of carbon black, 21.5 parts linseed oil, 33.2 parts of varnish, 2.2 
parts of castor oil, 3.7 parts of stearin, and 5.0 parts of turpentine. This 
ink was recommended for printing wood grain effects. 

The addition of modifying agents to offset inks has been advocated to 
improve the finish, prevent “bleeding/^ increase the brilliancy, and extend 
the covering power. To attain the foregoing objectives, it has been sug¬ 
gested^^® that 0.5 to 2.0 parts of a mixture of rosin-modified phenol- 
formaldehyde resin, tung oil, and wool grease be added to 16 parts of 
offset ink. The modifying agent is prepared by heating together 4.5 parts 
of the resin, 4.0 parts of tung oil and 4,0 parts of wool grease. Heat 
should be applied for 2 hours in the latter process. 

Froiich P. 781,912, 1935, to Choni. Fjihr. lInllo-Amm<'ndorf Gobr. Uartmnnn; Chrrn. Ahs., 1935. 
29, 7102. British P. 426,753, 1935; Chcjn. Abs., 1935, 29, 6448. British P. 434,450, 1935; Chem. Abs„ 
1936, 30, 886. 

J08W. T,. Lawrcnco, Brili.sh P. 337,455, 1929; Chem. Ab*., 1931. 25, 2255. 
P. Shaw, U. S. P. 2,043,397. .Tuiu* 9, 1936; Chem. Abs., 1936, 30, .5436; Rev. Paint, Colour, 

Varnish, 1936, 9, 315. U. S. P. 1,989,250, .Tan. 29. 1935; Chem. Abs., 1935, 29, 2005; Bnt. Chem. 
Abs. B, 1936, 30; Rev. Paint, Colour, Varnish, 1935, 8, 208. 

I’OA. ,T. Gnntsrho, 11. S. P. 2,018.060, (Vt. 22. 1935; Chem. .Abs., 1936. 30, 309; Rev. Paint, Colour, 
Varnish, 1936, 9, 93. U. S. P. 2,018,060, Oct. 22, 1935; Chem. Abs., 1936 , 30, 309; Brit. Chem. Abs. B, 
1936, 1109; Rev, Paint, Colour, Varnish, 1936, 9, 93. Carleton Ellis, “Cliemistry of Synthetic Resins,'* 
Reinhold Publishing Corp., New York, 1935. 
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Rubber offset blankets usually contain a small proportion of excess 
sulphur from vulcanization processes. The sulphur may be removed by 
printing inks. This was stated to be avoided by employing sulphur- 
containing washing solutions in the printing compositions. The quantity 
of wash added generally is 10-15 per cent of the total amount of ink. 
One such wash comprised a solution of 2 parts of sulphur in 100 parts 
of aniline. An alternative composition contained 2 parts of sulphur, 
50 parts of o-toluidine, and 50 parts of furfural.^^^ 

The question of deterioration of offset rubber blankets has been 
studied.In Figure 60 is shown a method of making a test for the effect 
of linseed oil upon offset blankets. Linseed oil is said to emboss rubber 
blankets, and tackiness is reported to be the result of simultaneous oxi¬ 
dation of absorbed varnish and rubber. The latter phenomenon is an 
irreversible process, and is not caused by devulcanizing. Dusting the 
blanket with sulphur was stated to afford only temporary relief. Cobalt 
salts and turpentine are said to oxidize the rubber blankets in a manner 
similar to that of linseed oil. To counteract oxidation by cobalt salts, 
turpentine and linseed oil, with resulting formation of glazed, tacky or 
engraved surfaces, an antioxidant wash solution was developed. The 
latter is prepared by dissolving 1.75 ounces of hydroquinone per gallon 

Scheiber, Gorman P. 608,383, 1935; Chern, Abi„ 1935 , 29, 2632. 
^ R. P. Reed, Lithographic Technical Foundation, Inc,, Research Bull, No. 5; Am, Ink Maker, 

1935, 12 (8), 35. 

Figure 60. Sketch of Apparatus for Testing Effect of Vehicles 
on Offset Blankets (R. F. Reed). 
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of acetone. Each gallon of acetone solution of hydroquinone then is 
mixed with 9 gallons of benzene. 

Phenol, as a modifier for offset inks, is said to provide good adhe¬ 
sion of ink to metallic plates and to eliminate the necessity for special 
fixing agents. Ten parts of phenol were admixed with 90 parts of ink. 
The latter contained 6 parts of asphalt, 6 parts of lampblack, 2.7 parts 
of pitch, 28.8 parts of petrolatum, and 66.5 parts of turpentine oil. 

Offset coloring mixtures may be prepared by introducing 0.3 to 0.5 
per cent of calcium hydroxide or barium hydroxide into an aqueous pig¬ 
ment paste.'*^ The hydroxides must be in a dry state before admixture. 
The combination of paste and hydroxide is added to polymerized oil and 
stirred until a good mix is obtained. Polymerized glue is suggested as a 
substitute for the oil. 

A method of lithographic or offset printing, involves the employment 
of inelastic unsized gutta percha tissue to receive the impression of an 
original design.”® If the original work is a negative, the gutta percha 
impression is applied to a lithographic stone and the final print is made 
by the latter. The same method may be employed for offset printing 
as well. The original negative is impressed upon the gutta percha sheet. 
The positive produced is applied to a second layer of gutta percha which 
in turn prints the image upon a stone, and the latter superimposes the 
design on a rotary rubber blanket from which the final prints are made. 

British P. 478,776, 1W8, to Chemische Forschungsgesellschaft m. b. H.; Rev. Paint, Colour, 
VamUh, 1938, 11, 110; Chem. Zentr., 1938, 109 (1), 744; Chem. Abs., 1938, 32, 2378. French P. 817,406, 
1938; Rev. Paint, Colour, Vamith, 1938, 11, 110; Chem. Zentr., 1938, 109 (1), 744; Chem. Abs., 
1938, 32, 2378. 

N. I. Kozlov, Russian P, 45,700, 1936; Chem. Abs., 1938, 32, 5648; Chem. Zentr., 1936, 107 
(2), 877; Rev. Paint, Colour, Varnish, 1936, 9, 316. 

11* Gutta percha is the inspissated juice of a saponaceous evergreen tree {Dichopsis Gutta), found 
in the Malay archipelago. It is a brownish-red, homy solid which is insoluble in water but will 
dissolve in ethers. 

ii«G. Ruthven, U. S. P, 1,364,523, Jan. 4, 1921; Chem. Abs., 1921, 15, 767. 



Chapter 10 

Intaglio Inks 

It has been estimated that the annual consumption of intaglio inks 
amounts to more than forty million pounds.^ This figure represents an 
appreciable fraction of the total production of printing inks. Intaglio 
inks dry mainly by evaporation (also, in part, by penetration) and for 
this reason differ from ordinary lithographic inks in containing a large 
proportion of a volatile solvent, e.g., toluene or xylene, and in being free 
from drying oils and therefore siccatives. 

In discussing intaglio inks a distinction must be made between copper¬ 
plate inks (which term is here used to include also steel-plate and photo¬ 
gravure inks) and rotogravure inks, since the latter are especially com¬ 
pounded to dry with sufficient rapidity to correspond to the high rate of 
output attained in the rotogravure process.- 

The leisurely progress of the copper plate processes (as compared to 
rotogravure) makes very few demands upon the ink used. The latter 
should wipe cleanly and easily from the plate to leave what is called a 
good wipe; it should possess sufficient cohesion to pull out readily from 
the depressions in the plate and transfer to the material receiving the 
imprint without spreading laterally. Further, the pigment should not 
bleed in water since in these processes slightly dampened paper is gen¬ 
erally used. 

The requirements of a good gravure ink, on the other hand, arc much 
more exacting, due to the rapid rate of printing and the purely mechan¬ 
ical nature of the rotogravure process. (1) The ink should possess a low 
viscosity and surface tension. These properties govern what is gener¬ 
ally known as the “flow” qualities. Good flow is necessary if the ink is 
to fill the etched cells of the plate completely and rapidly and flow back 
into the ink duct from the doctor blade. Low viscosity and surface ten¬ 
sion also control the ease with which the ink will “wet” the paper. 
(2) The ink should have sufficient cohesion to remain in the cells against 
the centrifugal force set up by the rotating cylinders. (3) It must have 
low adhesion so that it may be wiped cleanly from the cylinder. 
(4) In drying, the ink should “harden” immediately without first passing 
through a “sticky” period. (5) The solvent should be volatile, non- 
inflammable and non-toxic.® 

* The Official Printing Ink Maker, 1934, 4 (3), 12. 

^ See Chapter 1 for a description of the important intaglio procesnes. 
* Q. L. Riddell, Modem Lithographer, 1934, 30, 114; Rev, Paint, Colour, Vamith, 1934, 1, 293. 
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The gravure inks (employing as solvents toluene or xylene) now in 
general use fulfill fairly well the requirements enumerated above with 
the exception of the properties of non-toxicity and non-inflammability. 
There is considerable difficulty in obtaining a solvent which is cheap, 
volatile, non-inflammable and non-toxic. There are a number of mate¬ 
rials which are non-inflammable and volatile (such as chlorinated prod¬ 
ucts of methane and ethane but most of them are rather toxic and 
costly.® An objection to the use of chlorine derivatives of methane and 
ethane in particular is that in the presence of moisture they hydrolyze 
and form small amounts of hydrogen chloride which reacts with the 
copper of the plate or cylinder.® 

In considering inflammability, the flash point must be taken into 
accountJ Thus, benzene is an excellent solvent but is not generally 
employed (in the United States) because of its low flash point (—5° F.). 
Xylene, on the other hand, although also inflammable, has a higher flash 
point (75° F.) and consequently is much safer to use. 

In preparation of the ink certain precautions must be observed. 
It must not contain any compounds (as for example a dye or pigment 
containing sulphur) which will react chemically with the copper of the 
cylinder. The chief disadvantage in the use of chlorinated ethane and 
methane, as previously mentioned, is the fact that in the presence of 
moisture slight traces of hydrogen chloride are formed.® Many acid 
resins exert a deleterious effect on the etching, and care must be exercised 
when employing hydrocarbons which may have been refined by washing 
with sulphuric acid (or other acids) since traces of the latter may be 
present. The pigments should be free of abrasive substance which would 
scratcli the cylinder and they must have a sufficiently low specific gravity 
to remain dispersed in the fluid medium. On the other hand, pigments 
should not be in too fine a state of division since the ink, in that case, 
will not wipe cleanly from the cylinder but will be retained in the minute 
scratches made during the polishing operation.® The relative amount of 
solvent and pigment depends of course to a certain extent on other fac¬ 
tors, such as the speed of printing and type of paper used.^® 

Although much work has been done on the development of water-base 
inks, the chief objection to these is that the surface tension is too high and 
the resulting prints are inferior to those obtained with other gravure inks. 
The advantages of low cost, non-toxicity and non-inflammability are, 
however, so decided that probably water-base inks will find application 
in cheaper publication work where high quality is not required.^^ For 

«Soe G. E. Lang, French P. 713,155, 1931; Chem. Ahs., 1932, 26, 1810. 

6 G. L. Hidden, loc. at. 

® H. N. Morris, Brit. Print., 1937 , 49, 235; Rev. Paint, Colour, Varnish, 1937, 10, 96. 
'* R. B. Wnrne, Modern Lithographer, 1936 , 31, 132; Chem. Abs., 1936, 30, 4024. 

® H. N. Morris, loc. cit. 
* G, L. Riddell, Lith. Offset Print., 1934, 30 (6), 114 ; Rev. Paint, Colour, Varni.^h, 1934 , 7, 293. 

^^Rrinting, 1937 , 5 ( 52), 28; Rev. Paint, Colour, Varnish, 1937, 10, 95. Cf. Deutsefur Drucker; 
Chronique Oraphique, 1938, 13 (103), 3993; Rev, Paint, Colour, Varnish, 1938, 11, 107. 

G. L. Riddell, Modem Lithographer, 1934, 30, 114; Rev. Paint, Colour, Varnish, 1934 , 7, 293. 
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high speeds and all kinds of paper, the printer must at present depend 
to a large extent on toxic and inflammable thinners.^^ 

The use, quite common in Europe, of a closed type of press which does 
not allow the vapors to escape into the press room renders the use of these 
inflammable solvents quite unobjectionable.^^ In one type of such a press 
part of the solvent is removed before the imprint is made.^^ A current of 
air is drawn over the region between the doctor and the impression point, 
the vapor-laden air passing into a condenser where the solvent is 
recovered. 

The use of inflammable solvents in rotogravure printing (multicolor) 
is avoided in a rather unique method employing normally solid vehicles.^® 
This method of multicolor printing involves first heating an ink whose 
vehicle consists of a normally solid, readily liquefiable, amorphous sub¬ 
stance to a temperature at which it melts, and becomes fluid. The ink 
then is transferred to the heated roller, printed and cooled at once so that 
it solidifies. Afterwards, the paper is passed over the second cylinder 
and receives the impression of an ink which melts at a somewhat lower 
temperature than the first. After a cooling operation, the printing 
process may be repeated. In every instance, each ink has a congealing 
temperature lower than that of the preceding ink. The vehicles are low- 
melting solids such as hydrogenated vegetable oil, e,g., soybean oil or 
castor oil. A yellow ink, which may be employed in such an operation 
and which melts at 180° F., consists of 20 parts of chrome yellow dis¬ 
solved in a vehicle made up of 75 parts of hydrogenated castor oil and 
5 parts of WW rosin. 

Grinding of Rotogravure Inks 

After pigment and vehicle have been prepared they are mixed together 
and ground in a mill. The method for effecting the latter operation has 
undergone considerable modification in the last two decades and a short 
description of it will be given. 

Rotogravure inks were originally ground in iron pots or on buhr- 

stone^® mills or roller mills. The product went to the printer in the form 

of a heavy paste which he had to thin to the proper consistency.^^ Pebble 
or ball mills are used now almost exclusively since these are best adapted 

^H. N. Morns, loc. cit. 

^The inoentive to the devdopment of such presses however, is the solvent recovery made pos¬ 
sible by their use. For this rsMon, most progress in their development has been made in Europe 
where the high price of petroleum solvents hM been the greatest deterrent to the more general 
use of the rotogravure process. A solvent recovery of 75 per cent is quite common. (H. N. Mor¬ 
ris, ioc, eit.) 

^C. H. Biebel, British P. 449,112, 1935; Rev, Paint, Colwr, Varnish, 1936, 9, 316. 
“ W. L. Jones and E. H. McLeod, U. 8. P. 2,147,651, Feb. 1, 1939, to Interchemical Corp. 

^Buhrstons is a hard, tough rock, white or creamy in color, consisting of ohalcedonic silica with 
a cellular texture. The best variety (French buhrstone) occurs in deposits near Paris. 

isj^ Rullman and D. M« Wilhehn, Am. Ink Maker, 1934, 12 (11), 21; Rev, Paint, Colour, Var¬ 
nish, 1924, 7, 491. 
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Courtesy Industrial and Engineering Chemistry 

Figure 61. Ink Mill Grinding Colored Ink (A. Linz). 

to the needs of the rotogravure ink maker. Both pigment and vehicle 
are placed in the mills whicli are rotated for several hours, no attention 
being required during the grinding operation. The finished product is 
discharged in the proper consistency for use. As the grinding is carried 
out in a closed container there is no evaporation of the solvents and no 
obnoxious or poisonous odors in the grinding room. 

The mills were originally lined with French buhrstone and provided 
with pebbles imported from France and Denmark. About 1929 a syn¬ 
thetic silicate replaced these buhrstone linings and balls of the same 
material began to be used. This resulted in a better product, free of 
grit. About 1932-33 a still newer type of ball mill was introduced in 
which both beads and shell were made of steel alloy containing a high 
percentage of chromium, manganese, and some nickel. Because of the 
greater density of the steel, the balls are made smaller and more efficient 
grinding action is thus obtained. 

Although the steel mills are used in general for the production of such 
colors as brown, black, green and blue and some of the reds, the silicate- 
lined mills equipped with the silicate balls are employed, for the most 
part, in the production of the delicate pastel shades, such as yellow, the 
lake colors, and white. 
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Courtesy Industrial and Engineering Chemistry 

Fiatma 62. Ink Mixer (A. Linz). 

Intaglio Ink Compositions 

To facilitate their discussion, intaglio inks may be grouped according 
to the liquid bases (solvents) and the binders employed in their prepa¬ 
ration. The inks are thus most conveniently classified under the follow¬ 
ing headings: 

(1) Aromatic hydrocarbon-base inks 

(2) Paraffin hydrocarbon-base inks 

(3) Water-base inks 

(4) Inks employing resin binders 

(5) Inks employing cellulose derivatives as binders. 

If, as is often the case, the inks fall into more than one of these groups, 
the more prominent or unusual feature will decide the classification under 
which it is discussed. 
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Aromatic-Base Inks. As already pointed out, toluene and xylene, 
despite their objectionable features, are the most common solvents for 
intaglio printing inks. Benzene, the most satisfactory base of this group, 
judged solely by the printing results obtained, is employed rarely in this 
country because of its high inflammability and toxicity. Its use in Ger¬ 
many, however, is reported to be widespread.^® The binding agents ordi¬ 
narily employed with these solvents are gilsonite (for dark-colored or 
black inks), or dammar and synthetic resins (for bright-colored inks). 
If resin alone is the binder, a short ink with a tendency to liver is often 
produced. This defect (tendency to liver), however, may be remedied 
by incorporation of dammar. Another shortcoming of resin inks, it may 
be noted, is that when unpigmented their low cohesion and high adhesion 
renders them unsatisfactory for many purposes.^® 

Either a glossy or a matt finish may be secured with varnishes con¬ 
taining the binders mentioned above dissolved in an aromatic solvent. 
Thus, if pigments are absent, and a fat-soluble dye is substituted there¬ 
for as a coloring agent, gilsonite varnish dries to a highly glossy finish. 
Dammar also imparts a high gloss to the print which is, however, 
undesirable in multicolor printing. To obtain a matt finish, a matting 
agent such as alumina, magnesium carbonate, blanc fixe, chalk, or wax 
is added. Soluble waxes (e.g,, montan wax) often serve as matting 
agents since inorganic compounds tend to smother the sharp outline of 
the print. 

For copper-plate printing in Germany the benzene hydrocarbons 
(usually toluene) act as satisfactory solvents. For rotogravure work, 
however, the solvent generally consists of nearly equal portions of toluene 
and a low-boiling paraffin hydrocarbon fraction (e.g., benzine). For 
example, a copper-plate ink varnisli comprises 60 parts of toluene and 
40 parts of gilv«:onite, whereas a similar rotogravure ink varnish contains 
15 parts of toluene, 17 parts of light benzine and 33 parts of gilsonite. 

In preparing the varnish, the solid material, asphalt or resin, is 
ground to about the size of hazelnuts and gradually added to the vigor¬ 
ously agitated solvent. Introducing the solid in this manner avoids the 
formation of lumps and allows the material to dissolve, the latter step 
requiring from 8 to 10 hours. Dyestuff is then incorporated and the wffiole 
mass ground in a mill. 

Photogravure inks, containing only the more volatile aromatic hydro¬ 
carbons, because of the high rate of evaporation of the solvent, tend to 
form a “skin^* between the ink and the paper, thus hindering penetration 
of the ink into the imper and allowing the ink to dry mainly by evapo- 
ration.2® It is reported that the formation of such a skin may be obviated 

Se«*, F. Max, Farhcn~Chcm., 1933 . 4, 336; Chem. Abf., 1933, 27, .V)57. H. Hndrrt, “Dio Tiof- 
clruchfarbon-HorstellunK,” Publ. bv the author at Olwanstrasse 4, Berlin-Frohan, 1933; Official 
Printing Ink Maker, 1934, 4 (3). 12. 

MG. L. Riddoll, loc. cit. 
•®Wm. E. Wornuin. Brit. P. 423,751, 1935, to Mander Bros., Ltd.; Chem. Abs., 1935, 29, 5682; 

Brit. Chem. Abe. B, 1935 , 867. 
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and drying effected by penetration as well as evaporation by adding to 
the solvent at least 10 per cent of a high-boiling petroleum fraction 
(boiling point above 160® C.) rich in aromatic hydrocarbons. If a petro¬ 
leum fraction with a boiling range of 150 to 250® C. is used as a solvent, 
drying by penetration dominates. A yellow ink of the latter type may 
be prepared by incorporating a pigment composed of 72 parts of chrome 
yellow and 90 parts of extender (barytes) in a medium consisting of 
60 parts of dammar resin dissolved in 98 parts of a high-boiling petro¬ 
leum fraction. The ink may be thinned if the work to be done renders 
this step necessary. 

Paraffin Hydrocarbon-Base Inks. The use of a paraffinic liquid alone 
as solvent yields an unsatisfactory printing ink. Kaufler and Schmitz 
reported, however, that by adding a small proportion {e.g., 3 to 8 per 
cent) of an alcohol or liquid ether or ester containing 3 to 7 carbon 
atoms, a satisfactory base is obtained.^^ To 95 g. of benzine may be 
added for instance, 3 g. of butanol or dibutyl ether, 8 g. of ethylene glycol 
monoethyl ether, or 4 g. of ethyl lactate. In the preparation of intaglio 
inks a volatile hydrocarbon such as benzine should be used.-- (Benzine 
boiling between 70 and 100® C. for instance has a rate of evaporation 
from paper almost as great as that of benzene.) To such a liquid, addition 
of about one-third its volume of carbon tetrachloride is said to yield a 
non-inflammable mixture.-^ 

Knight prepared a quick-drying ink consisting substantially of a 
mineral spirit or solvent naphtha solution of gilsonite with which were 
admixed pigments and resin varnish. Thus, 8000 cc. of mineral spirits 
and 4000 g. of gilsonite are heated together at 150® C. for about one 
hour. 1000 cc. of linseed oil-resin varnish may be added before this 
heating operation or before the heated mixture is cooled. An oil drier 
may also be added. The resulting vehicle is milled with pigment to yield 
the finished ink.^® 

Mock describes a printing ink composed of a solution of 15 to 30 
per cent gilsonite in a liquid component containing 85 to 95 per cent 
petroleum naphtha and 5 to 15 per cent of a ketone, both the naphtha 
and ketone being more volatile than benzene. 

Water-Base Inks. The vehicles for intaglio inks here designated as 
water-base inks are for the most part mixtures of water, a water-soluble 
solvent, a natural resin, an alkaline reacting compound (either organic 

«P. Kaufler and H. P. Schmitz, U. S. P. 2,03fl,480, AprU 7, 1938; Chem. Aba., 1936, 30, 3667. Brit¬ 
ish P. 371,202, 1932, to Alexander Wackcr Ges. fUr Elektrochemische Industrie G. m. b. H.; Chem. 
Ab$., 1933, 27, 3627; Brit. Chem. Ab». B, 1932, 721. French P. 752,492, 1033; Chem. Aba., 1934, 28, 
1206; Rev. Paint, Colour, Varnish, 1934, 7, 103. 

** British P. 390,641, 1933 to Alexander Wackcr Ges. fur Elektrochemische Industrie G. m. b. U.; 
Chem. Abs., 1933, 17 - 5994; Brit. Chem. Abs. B, 1933, 667. 

*»A. Schwenteriy, T. S. P. 1,447,734, March 6, 1923; Chem. Abs., 1923, 17, 1723. 
«G. D. Knicht, U. 8. P. 1,722,925, July 30, 1929, to Emory Winship; Chem. Abs., 1929, 23, 4582; 

Rev. Paint, Colour, Varnish, 1929, 2, 2M; Pine Inst. American Abs., 1929, 3, 178. 
*For a comparison of German asphalts and gilsonite and their solutions, see Farben-Ztg., 1938, 

43 (12), 302; Rev. Paint, Colour, Varnish, 1938, fl, 192. 
*«W. W. Mock, U.S. P. 2,139,242, Dec. 6, 1938, to Intcrchcmical Corp.; Chem. Abs., 1939, 33, 

2354; Rev. Paint, Colour, Varnish, 1939, 13, 181. 
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or inorganic) and a dispersing agent {e.g,, a colloid such as casein or 
glue) These vehicles are reported to be not only relatively non- 
inflammable, but also non-toxic. 

Drey and Freedland suggest an organic alkaline substance such as 
diethanolamine. Their vehicle is prepared by dissolving a natural resin 
of an acid character in a solvent miscible with water, adding the water 
to this solution after the introduction of an alkaline substance to either 
the water or resin solution. For example, a solvent mixture is prepared 
consisting of one pint of triethanolamine, four pints of industrial methyl¬ 
ated spirits and three pints of cyclohexanol. Six pounds of shellac are 
then dissolved in one gallon of this mixture and the whole diluted with 
two gallons of water. To obtain the printing ink the resulting mix is 
ground with 2.5 pounds of carbon black. 

An inorganic base such as an alkali or ammonium hydroxide may be 
used as saponifying agents in the preparation of inks. The binding 
agent (acaroid, dammar, colophony, gum lac or a synthetic resin) is dis¬ 
solved in a solvent soluble in water, such as ethanol or other alcohol or 
acetone, after which the resin is saponified, at least in part, by alkali or 
ammonia. To this is'then added a solvent of high boiling point which 
mixes with the ethanol or other solvent used, e.g., turpentine oil or 
methylcyclohexanol. Water is added during or at the end of the above- 
mentioned steps.^^ For example, 10 parts of colophony are dissolved in 
5 parts of spirit (96-per cent ethyl alcohol) and 2 parts of turpentine oil. 
Next are added 3 parts of concentrated aqueous ammonia and 2.5 parts 
of soft potash soap (to prevent livering) while stirring the cold or moder¬ 
ately heated mixture. The pigment is rubbed up with this binding 
medium. The addition of water is advantageously effected before the 
rubbing operations. 

This procedure may be modified by first saponifying the resin with 
an aqueous solution of alkalies or ammonia and then adding the alcohol 
or otlier water-soluble organic solvent or a solution of resin in such a 
solvent.*'^-’ To illustrate, 100 g. of rosin and 20 g. of ammonia are 
dissolved in a solution of 10 g. of soap in 200 g. of water and 50 g. of 
alcohol, and afterwards 5 g. of turpentine are added. Oxidation of rosin 
before use in intaglio inks was reported to furnish a rosin product which 

«K. Albert, Penrose Annual, 1932. 34, 95; Phot. Korr., 1931, C7, 48; Chem Abs., 1932, 26, 1140. 

«H. Hadert, Nitrocellulose, 1932, 3, 80; Chem. Abs., 1932, 26, 4189. 

Zenzi Kosizima and Kazuo Siba, Japanese P. 90,910, 1931; Chem. Abs., 1931, 25, 5048. French 
P. 788,406, 1935, to P. Chouanard A Fils Co., (Soc. veuve); Chem. Abs., 1936, 30, 1595. 

•«N. Drey and I. Freedland, British P. 376,413, 1932; Chem. Abs., 1933, 27, 3627; Bnt. Chem. 
Abs. B, 1932, 947. 

»H. Kurz and K. Albert, French P. 711,613, 1931; Chem. Abs., 1932, 26, 1810; British P. 371.527, 
1932; Chem. Abs., 1933, 27, 8627; Brit. Chem. Abs. B, 1933, 687; Gorman P. 547,442, 1933; Rev. 
Paint, Colour, Varnish, 1933, 6, 266; See also, D. Schultz, Farbe u. Lack, 1933, 31, 368. 

•*H. Kurz and K. Albert, British P. 396,654, 1933; Chem. Abs., 1934, 28, 1206; Brit. Chem. Abs. B, 
1933, 879; Addn. to British P. 371,527, 1932; Chem. Abs., 1933, 27, 3627; Brit. Chem. Abs. B, 1932, 687. 

»H. Kurz and K. Albert. French P. 43,145, Chem. Zentr.. 1934, 105 (1), 3131; Addn. to French P. 
711,613, 1931; Chem. Abs., 1932, 26, 1810; Am. Ink Maker, 1934, 12 (6), 15; Rev. Paint, Colour, Var¬ 
nish, 1934, 7, 295. 

German P. 650,092, 1937, to Berger and Wirth, (Addn. to German P. 547,442); Farben-Chem., 
1937, 8 (12), 422; Rev. Paint, Colour, Vamuh, im, 11, 110. 
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dissolves in ammoniated water to a clear solution.^'^ The latter was stated 
not to be affected by subsequent addition of soap. Oxidation of rosin 
was carried out, using a mixture of hydrogen peroxide and water as oxi¬ 
dizing agent. 

Kurz and Albert also found that the use of a water-soluble organic 
solvent is not essential for an intaglio ink. Their binder consists essen¬ 
tially therefore of a resin dissolved in aqueous alkali, the latter being 
present partly as fixed alkali and partly as ammonia. In many cases the 
addition to this solution of a colloid, such as casein or glue, will aid in 
maintaining the pigments in suspension. Further, it is necessary to 
remove the property of frothing associated with alkaline resin solutions, 
like all soap solutions which depend upon their surface activity. This 
can be effected by means of a defrothing agent, for instance, by adding a 
small amount of ethereal oils (since these dissolve satisfactorily in alka¬ 
line resin solutions). Colophony is the resin generally used, but it may 
be partially replaced by resins which yield soluble ammonium compounds, 
such as shellac, or which will be peptized by the alkali resinate present. 
The latter is necessary to peptize the ammonium resinate which is insol¬ 
uble in water. The vehicle proposed consists of the following ingredients: 
2.0 kg. of colophony, 1.6 kg. of 10-per cent aqueous potash lye with 
about 0.1 kg. of casein, 0.24 kg. of ammonia solution (d. 0.91), mixed 
with 4.0 kg. of water and 0.2 kg. of turpentine oil. The ink obtained is 
noteworthy in that it is not water-resistant when freshly printed but 
gradually passes into a water-insoluble state and then no longer can be 
effaced. A colloidal maturing process seems to be involved here, since 
such inks yield directly water-resisting inks if the binder has previously 
been heated for a long time at an elevated temperature. 

Addition of a few per cent of tannin to the water-base inks described 
above will impart a gloss to the print.^*^ 

Another type of water-base ink consisting primarily of an aqueous 
emulsion of casein plus coloring matter has been proposed by Knight.^® 
Carbolic acid and formaldehyde are used as preservatives, and oil of 
citronella is employed to mask any objectionable odors. Addition of 
glycerin gives body to the vehicle without interfering with the free- 
flowing quality so essential to an ink of this type. Moreover, it prevents 
bubbling in the fountain and is reported to give the print a better finish. 
An alkaline peptizer, usually borax, is required to emulsify the casein. 

Preparation of such an ink may be carried out as follows: To 1000 cc. 
of skim milk are added about 85 g. of casein. After the latter is stirred 
into the milk, about 60 g. of borax arc incorporated and the mixture 

MQ. W. Milw, U. S. P. 1,401,348, Dec. 27. 1921; Chem. Aha., 1922, 16, 1013. U. S. P. 1,410.211, 
March 21, 1922; Chem. Aha., 1922, 16, 1875. 

MH. Kurz and K. Albert, U. S. P. 1,962,823, June 12, 1934; Chem. Aha., 1934, 28, 4923. French 
P. 746,863, 1933; Chem. Aba., 1933 , 27, 4698; Rev. Paint, Coiour, Vamiah, 1934, 7, 103. 

«H. Hadert, Dutch P. 56,423, 1936; Chem. Zentr., 1936, 107 (2), 877; Rev. Paint, Colour, Var¬ 
nish, 1936, 9, 316. 

»G. D. Knight, U. S. P. 1,724,603. Aug. 13, 1929, to Emory Winship; Chem. Ahs., 1929, 23, 4836; 
Rev. Paint, Colour, Vamiah, 1929, 2, 332. 
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agitated until the casein is colloidally suspended. To this suspension is 
added a few drops of formaldehyde, about 10 cc. of a 10-per cent solution 
of carbolic acid, approximately 6 cc. of citronella oil and about 50 cc. of 
glycerin (in the order named) while the mixture is in constant agitation. 

Instead of adding more casein to the skim milk, a gelatin, especially 
animal glue, may be incorporated as binding agent.^® The vehicle is 
made up of 70 to 80 per cent of skim milk, 10 to 20 per cent of glue, 2 to 
4 per cent of potassium dichromate (a preservative), 3 to 4.5 per cent of 
vegetable oil, 1 per cent of citronella oil, and 1 per cent of hydrocarbon 
thinners. The vegetable oil increases the viscosity of the emulsion and 
allows the ink to pull more readily from the intaglio plate or cylinder 
in the printing operation. In one instance, gelatin and glycerol were 
utilized for aqueous inks.^® A resin may be added to this type of mixture 
to impart more body.'*^ In place of skim milk an ammoniacal solution 
of casein containing approximately the same proportion of the latter may 
serve as base. However, the minerals and other materials present in 
skim milk seem to affect the properties of the ink favorably. 

A number of intaglio inks, which may be technically described as 
water inks, consist of an emulsion in water of a solution of asphalt or 
resin in a high-boiling petroleum hydrocarbon.^- A solution of gilsonite 
in a petroleum hydrocarbon (boiling point 130 to 180° C.), for example, 
is dispersed in a water solution containing the reaction product of ethylene 
oxide and dodecyl alcohol (as emulsifying agent) and a suspension of the 
pigment (e.g,y carbon black or Milan Blue).'*^ For bright-colored inks an 
oil-soluble alkyd resin or colophony is generally used. For example, 
a glycerol-phthalic anhydride-linseed oil resin dissolved in a hydrocarbon 
solvent is emulsified with Hansa Yellow GT paste, using the condensa¬ 
tion product of oleic acid and ethylene oxide as emulsifier.^® 

A fast-drying ink of the same type consists of approximately 22 parts 
of gilsonite in 51 parts of hydrocarbon solvent dispersed in 22 parts of 
water containing 5 parts of glue. This dispersion is ground with a pig¬ 
ment to furnish a homogeneous composition.'*® 

In some instances a water ink for copper-plate engraving work may 
contain flour as a bodying agent.'*'^ The vehicle is made of 48 parts of 
flour and 16 parts of magnesia mixed with a solution of 1 part of sodium 
carbonate and 2 or 3 parts of yellow soap dissolved in 160 parts of water. 
A soluble dye serves as coloring material and a small amount of dextrin 

»G. D. Knight, U. S. P. 1,816,978, Aug. 4, 1931, to Emory Winshin; Chcm. 1931, 25, 6584 ; 
Brit. Chem. Ab». B, 1932, 618; Rev. Paint, Colour, Vamiah, 1932, 5, 173. 

" J. Macdonough, U. 8. P. 62,869, Feb. 27, 1866. 
^Zenzi Kosizima and Kazno Siba, Japanese P. 90,910, 1931; Chem. Aha., 1931, 25, 5048. 

" See Chapter 13 for a discussion of emulsion inks. 
"French P. 766,378, 1934, to I. G. Farbenind A.-O.: Chem. Abs., 1934, 28, 7042. British P. 414,801, 

1934; Chem. Aba., 1936, 29, 1269; BHt. Chem. Aha. B, 1934, 932. 
"For the preparation of such resins, see Carleton Ellis, “The Chemistry of Synthetic Resins,” 

New York, Reinhold Publishing Corp., 1936. 

" British P. 439,524, 1936, to I. G. Farbenind A.-G.; Rev. Paint, Colour, Vamiah, 1936, 9, 93. 

"G. D. Knight, Canadian P. 304,857, 1930; Chem. Aba., 1931, 25, 833. 
" R. Webb, British P. 26,992, 1896; /. 8. C. I., 1897, 16, 1012. 
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assists in the drying. Chlorinated rubber has been proposed as binding 
agent for water-base intaglio inks.'*® This binder was stated to furnish a 
lustrous, elastic ink, highly resistant to chemical or physical changes. 

Alcohols find occasional^® use as solvents for quick-drying gravure 
inks. Shellac, being the most common satisfactory binder soluble in 
alcohols, is generally employed. Pigments are dispersed in this solution 
to produce the ink.®®* 

Kawabata suggests the use of a volatile (essential) oil as solvent.®^ 
The lake pigments kneaded with rosin oil are added to a gum solution 
in the oil. Fillers such as aluminum hydroxide or magnesium carbonate 
may be incorporated. 

S5nithetic Resin Binding Agents. The use of synthetic resins as bind¬ 
ers in intaglio inks is proposed by Fleischmann and Jordan.®® The resins 
suggested by them arc condensation products obtained from urea or urea 
derivatives and an aldehyde, in particular, formaldehyde; from organic 
vinyl esters; or from organic dibasic acids and polyhydric alcohols.®^ 
These resinous products arc dissolved in a volatile organic solvent, espe¬ 
cially those which contain hydroxyl groups, as for example aliphatic 
alcohols having one to five carbon atoms per molecule, glycol monoalkyl 
ethers or ketones, and also in some esters or benzene hydrocarbons. The 
binding agents are easily soluble in mixtures of the above-mentioned 
liquids with each other or with some other substances of a resinous or oily 
character. In some cases the resins may be formed directly in the 
solvent. 

The ink is made by incorporating a finely dispersed pigment in the 
varnish. In addition, other resinous materials such as coumarone resin, 
colophony, and also cellulose derivatives {e.g., nitro- or acetylcellulose 
esters or ethers) may be incorporated. The following example will serve 
as an illustration of the procedure: a solution of 40 parts (by weight) of 
a condensation product of urea and formaldehyde, 40 parts of isobutyl 
alcohol and 20 parts of 80-per cent ethyl alcohol is mixed with 10 parts 
of lampblack and 5 parts of the calcium salt of the azo-dyestuff of aniline 
and 2,6-naphthalenesulphonic acid. The mixture is repeately ground in 
a three-roller mill, adding a small proportion of alcohol during the grind¬ 
ing operation. After dilution with alcohol to the desired consistency, an 
intaglio ink ready for printing is obtained. The finished prints are 
reported to have good fastness to water and rubbing. 

Nitrated natural resins dissolved in a solvent having as bases di- and 

^ H. Hadert, Am. Ink Maker, 1933, 11 (11), 9; Rev. Paint, Colour, Varnish, 1933 , 6, 335. 
See section on cellulose derivative inks in this chapter. 

«W. H. Laurence, Canadian P. 338,454, 1934; Chem. Aba., 1934 , 28, 2204. 
German P. 636,311. 1936, to Kast and Ehinger, Q. m. b. H., Chem. Zentr., 1937, 108 (1), 1294; 

Rev. Paint, Colour, Varnish, 1937, 10, 119. 
Iwao Kawabata, Japanese P. 69,035, 1926; Chem. Aba., 1928, 22, 2850; Rev. Paint, Colour, Var¬ 

nish, 1928, 1, 173. 
»H. Fleischmann and O. Jonlan. \T. s. P. 1.787,239, Dec. 30, 1931, to I. G. Farbenind. A.-G.; 

Chem, Aba., 1031, 25, 833. British P. 307,877, 1928; Chem, Aba., 1930, 24, 252; Rev. Paint, Colour, 
Vamiah, 1929, 2, 151. French P. 671,082, 1929; Chem. Abs., 1930, 24, 1996. 

Methods for preparing such bodies are discussed by Carlcton Ellis, “The CJhemistry of Syn¬ 
thetic Resins,*' New York, Reinhold Publishing Coip., 1935. 
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trichloroethylenes are said to provide a suitable vehicle for printing 
inks.®® The resin is nitrated by means of nitric acid of 36® B6. at 160® C. 
until it is saturated. The product is added to the solvent and after dis¬ 
solution the coloring matter is added and the mixture stirred until it is 
homogeneous. The solvent may be either quick- or slow-drying. The 
quick-drying solvent contains 70 to 100 per cent dichloroethylene and 30 
to 0 per cent benzene whereas the slower-drying solvent consists of 70 to 
100 per cent trichloroethylene and 30 to 0 per cent toluene or xylene. 

The use of the resin Beckacite (a tar acid-formaldehyde resin) has 
been recommended.®® This binder is dissolved in xylene or toluene and 
aluminum hydroxide suspended in this mixture (for example, 40 kg. 
Beckacite 120G. hard, 65 kg. xylene and 55 kg. aluminum hydroxide). 
Coal-tar dyes are used as coloring material. By adding a large proportion 
of the dye an intense hue is obtained which may be used as a standard 
mixture for coloring inks. 

Cellulose Derivatives as Binders. Solutions of cellulose derivatives 
find important applications as vehicles for some intaglio inks used in 
printing on various non-absorbent substrates such as metal foils, glazed 
paper, and on Celluloid or various acetylcellulose products. These inks 
serve also for transparent printing and are reported to give very good 
printing results where unpigmented resin inks, because of their shortness 
and high adhesion, are inadequate. Because of their high cost, however, 
they find only limited use.®^ 

The liquid component of the vehicles consists of mixtures of highly 
volatile solvents with which, however, a higher-boiling liquid is often 
admixed to reduce the volatility. A solvent including a large fraction 
of ethanol, for example, may be employed. One such ink comprises a 
solution of alcohol-soluble cellulose esters {e.g., acetylcellulose or nitro¬ 
cellulose) and coloring matter in a solvent containing at least 70 per cent 
of ethanol.®® In addition to ethyl alcohol other solvents or diluents are 
employed. These solvents should not, of course, nullify one of the advan¬ 
tages, i.e,, pleasant odor and lack of injimious physiological action of the 
ink. Esters, ketones, dioxane, glycol ethers and benzine, for instance, 
may be added in small amounts. Various modifying agents, such as 
resins,®® pigments, plasticizers, fillers, are of course incorporated, depend¬ 
ing on the particular use to which the ink is to be put. 

An intaglio printing ink for metal foils is prepared as follows: 450 
parts of a rolled mass of 200 parts of nitrocellulose (containing 11 per 
cent of nitrogen and soluble in etliyl alcohol), 50 parts of diethyl 

L. Magnien, British P. 379,094, 1932, to Societc Anonyme Chlorosoda; Chem, Abn., 1933, 27, 
3627; Brit. Chem. Abs. B, 1932, 997. French P. 701.697, 1930; Chem. Aba., 1931, 25, 4138. German 
P. 667,626; Paint Var. Prod. Man., 1933, 9 (9), 23; Rev. Paint, Colour, Varnish, 1933, 6, 266. 

“H. Hadert. Farben-Chem., 1935, 6, 135, 171; Chrni. Abs., 1935, 29, 6079; liev. Paint, Colour, Far- 
nUh. 1936, 8, 207. 

O. ti. Riddell, Modem Lithographer, 1934 , 30, 114; Rev. Paint, Colour, Varnish, 1934, 7, 293. 
•British P. 339,733, 1929, to I. G. Farbenind. A.-G.; Chem. Abs., 1931, 25, 2866; Rev. Paint, 

Colour, Varnish, 1931, 4, 208. French P. 700,427, 1930; Chem. Aba., 1931, 25, 3856. 
“For high rates of printing, little or no resin should be present, according to French P. 734,287, 

1933, to I. G. Farbenind. A.-Q.; Chem. Aba., 1933, 27, 1216; Rev. Paint, Colour, Vamiah, 1983, 6, 135. 
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phthalate and 200 parts of chromium yellow are dispersed in a mixture of 
360 parts of 90-per cent ethyl alcohol, 30 parts of ethylene glycol mono¬ 
ethyl ether, 50 parts of colophony, and 50 parts of diethyl phthalate. 

Another ink employed for printing Celluloid, ethylcellulose foils, or 
glazed paper consists of 270 parts of nitrocellulose containing about 10.7 
per cent nitrogen, which has been moistened with about 35 per cent of its 
weight of isopropyl alcohol, 150 parts of diethyl phthalate, 30 parts of 
castor oil and 40 parts of colophony. These ingredients are ground in a 
ball mill with 95-per cent ethyl alcohol and 200 parts of Milori Blue. 

Harrison and Oakshott®® describe an ink which consists essentially 
of a solution of a cellulose ether {e.g.j methyl, ethyl, propyl, butyl, and 
glycol cellulose) and spirit-soluble dye in alcohol. An illustration is a 
composition comprising 40 parts of Green Y Rotor, 5 parts of ethylcellu¬ 
lose and 155 parts of denatured alcohol. To this are generally added a 
spirit-soluble adhesive, such as shellac, and an additional high-boiling 
solvent, such as methylcyclohexanol acetate or methylcyclohexanone. 
Titanium oxide increases the opacity of the ink without impairing the 
brilliance which the spirit-soluble dye imparts. These inks, because of 
their brightness and depth, may be utilized for printing on colored paper 
or paper to be subsequently waxed. 

Diethyl- and dimcthyl-l ,4-dioxanc have been proposed as solvents 
for the cellulose derivatives.^* One vehicle of this kind consists of 100 
parts of pyroxylin dissolved in a mixture of 600 parts of diethyl-1,4- 
dioxane, 50 parts of butanol and 250 parts of ethanol. Resins, dyestuffs, 
gelatinizing agents subsequently are incorporated to produce the ink. The 
inclusion of a small amount of these dioxane derivatives facilitates the 
dissolution of any resins which may be incorporated and further tends to 
impart a pleasant odor. 

Arzt employs a solvent consisting mainly of benzene. One such ink 
comprises a solution of 10 parts of ethylcellulose in a mixture containing 
130 parts of benzene and 13 parts of alcohol, in which are suspended 
5 parts of lampblack. Such compo.sitions, according to Arzt, exhibit a 
strong resistance to mechanical and chemical action. 

A printing ink particularly for printing foils, films and other articles 
of organic derivatives of cellulose includes a pigment, a cellulose acetate 
( plasticizable base) and at least five times the amount of the latter of a 
plasticizer.®^ A brown intaglio ink has the following composition: 

Cellulose acetate 24 parts 
Carbon black 50 parts 
Red oxide of iron 180 parts 
Benzyl alcohol 157 parts 

Triacetin 400 part^ 
Acetone 40 parts 
Benzene 25 parts 
Alcohol 18 parts 

A. A. Hnrrison and S. H. Oakshott, British P. 425,218, 1935, to Imperial Chemical Industries 
Ltd.; Chem. Ab»., 1935 , 29, 5682. 

« British P. 326,824, 1928, to I. G. Farhenind. A.-G.; Chem. Abs., 1930, 24, 4945; Brit. Chem. 
d6s. B, 1930, 624. 

«II. Arzt, German P. 540,997, 1932; Chim. et Ind., 1932, 28 (2), 405; Rev. Paint, Colour, Var¬ 
nish, 1932, 5, 276. 

®*Wm. H. Moss, British P. 456,898, 1936, to British Celanese, Ltd.; Rev. Paint, Colour, Varnish, 
1937, 10, 25; Brit. Chem. Aha. B, 1937, 159. 
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In some instances, aluminum stearate has been utilized.®^ One such 
composition, for example, is made of 15 parts of wax, 10 parts of alu¬ 
minum stearate, 14 parts of castor oil, 15 parts of nitrocellulose dissolved 
in 70 parts of butyl acetate and 30 parts of toluene. The pigment in this 
instance is 15 parts of carbon black. 

An ink especially adaptable for intaglio printing on surfaces such as 
paper, rubber, cellulose and fabrics, and containing rubber and cellulose 
as binders, is described by Morris.®® The prints produced with these inks 
are keyed, that is to say, they penetrate into the surfaces of the mate¬ 
rial and thus yield a fast print which is not removable. In making these 
inks a ^‘rubber-cellulose medium’’ is prepared and to this a paste of the 
coloring matter, solvent and thinner is added. The “rubber-cellulose 
medium” is a concentrated solution of the celluloid derivative and rubber 
or rubber-like medium, such as balata or gutta percha. One such 
medium, for example, consists of 10 parts of acetylcellulose dissolved in 
40 parts each of butyl acetate and xylene mixed with a solution of 
2i parts of crepe rubber in 25 parts of cyclohexanone. The constituents 
may be mixed in any order so that it is possible for the printer to prepare 
the colorless ink of the correct consistency and then add the color paste 
in the well of the press until just the right shade is obtained. A thinner 
recommended for such solutions comprises 2 parts of toluene, 2 parts of 
butyl alcohol, 1 part of methylethylcneglycol and 1 part of tetrahydro- 
naphthalene. White or other effects may be obtained by printing with 
the uncolored or colored medium and subsequently dyeing by means 
which will not take where there has been such printing. Also, chlorinated 
rubber and latex may be used in ink compositions cither with or without 
cellulose derivatives.®® 

Practically all the inks previously described in this chapter dry mainly 
by evaporation and to some extent by penetration. For printing on 
absorbent paper, Hydeman®*^ recommends a non-drying composition 
which will dry entirely by penetration or absorption. This ink may be 
used in printing service checks, such as those issued in hotels, restaurants 
and garages, which can be used at once without undue smearing of ink 
or soiling of the hands. The base may be oleic acid, castor oil, or min¬ 
eral oil, in which the pigment has been incorporated. 

Ussolzew®® describes a gravure ink the drying of which is brought 
about by gelation. The ink in bulk is a sol, the binder of which consists 
of an aqueous dispersion of a colloidal body obtained by the mixture of 

French P. 806^(M, 1937, to Auerbach, Weiesberger a Bpol; Chem, Aba., 1937, 31, 4837; Rev. 
Paint, Colour, Vamiah, 1937, 10, 841. 

«H. N. Morria, U. 8. P. 2.030,768, April 17, 1936, to Rucel Ltd.; Chem. Aha., 1936, 30, 8667; Rev. 
Paint, Colour. Vamiah, 1936, 9, 243. British P. 320,410, 1928; Chem. Aba., 1930, 24, 2622; Rev, Paint, 
Colour, Vamtah, 1929, 2, 333. 

••French P. 806,094, 1937, to Auerbach, Weisaberger a Spol; Chem. Aba., 1937, 31, 4837; Rev. 
Paint, Colour, Vamiah, 1937, 10, 341. 

<"J. E. Hydeman, U. S. P. 1,721,397, July 16, 1929; Chem. Aha., 1929, 23, 4310. 

•*8. S. Usaolzew, British P. 481,911, 1938, to Aktieselskabet Drubin; Chem, Aba., 1938, 32, 7294; 
Brit, Chem, Aba, B, 1988, 694. French P. 810.509, 1937; Chem. Aba., 1938, 32, 814. 
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the secondary alcohols of the borneol type and derivatives of furan ie.g., 
furfuraldehyde). A typical preparation of this kind contains 10 parts 
of borneol, 2.5 parts of an aldehyde of the furan group, and 50 parts of 
water, in which vehicle are incorporated 0.5 per cent of carbon black and 

9 per cent by weight of pigment. The sol thus produced in bulk gelat¬ 
inizes upon being printed, due to external influences (eg., air, tempera¬ 

ture) , and sets to a water-fast coating. 



Chapter 11 

Photomechanical Preparation of Matrices 

Although this book deals essentially with printing inks, it has been 
thought desirable to incorporate at least a short discussion of the prepa¬ 
ration of printing matrices. The requirements of ])rinting inks are so 
closely dependent upon the printing processes in which they are used 
that a short exposition of the basic principles involved in the preparation 
of printing surfaces should find a place in a book of this kind. In Chap¬ 
ter 1, a number of mechanical and photomechanical methods of preparing 
printing matrices already have been described, and it is intended here 
to discuss somewhat more fully the more important photomechanical 
reproduction processes. All these processes involves the use of sensitized 
surfaces so that the actions of these will be first discussed. The prepa¬ 
ration of intaglio, relief, copy relief, and lithographic plates then will be 
described. 

Photosensitive Compositions 

All photomechanical processes are based on one phenomenon, the 
change in solubility or distensibility produced in a photosensitized colloid 
by the action of light. Of the colloids now in use the more important are 
gelatin (photogravure); fish glue (relief processes); albumin (lithography 
and relief processes); and gum arabic (lithography). The sensitizing 
agents generally are alkali or ammonium bichromate, although silver salts 
occasionally find application. The sensitized film is obtained by pouring 
a thin emulsion of the colloid over a properly prepared base, drying the 
film and allowing it to come to (hygroscopic) equilibrium at operating 
conditions. Under ordinary conditions the water content of a “dry” 
gelatin or albumin film is 10 to 15 per cent, and in this state, if it con¬ 
tains a sensitizer, the film is photosensitive. Neither the emulsion nor 
the completely desiccated mixture of colloid and bichromate will react 
under the influence of light. The effect of the light is to harden or tan 
the sensitized gel and render it insoluble in water. The degree of tanning 
depends on the time and intensity of illumination. 

The wide applicability of gelatin—it is used in the collotype and copy 
relief processes as well as the gravure—^makes this colloid of particular 
interest. Gelatin is a complex protein derived from collagen, a substance 
present in the muscles, bones, and connective tissue of veterbrates. Upon 
treating this animal matter with hot water, steam or slightly acid solu- 
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tion, the collagen is hydrolyzed to gelatin which passes into solution. 
The clear filtrate from this solution forms a colorless transparent gel on 
cooling to room temperature if sufficient gelatin (more than 2 per cent) is 
present. If gelatin is placed in cold water it absorbs a considerable 
amount of liquid and swells. The quantity of water taken up increases 
with temperature and, at approximately 30° C., the swollen gelatin goes 
into solution. It is generally believed that gelatin, in absorbing water, 
dissolves the latter and retains its own molecular structure expanded but 
otherwise unchanged. Instead of expanding radially however, it swells 
almost entirely in a single direction, that is, along the axis on which it 
shrank from the original solution. It is this property of gelatin which 
allows its use in collotype and the preparation of copy relief in which, as 
described below, the untanned gelatin is swollen but not removed from 
the plate. Both fish glue and albumin are more or less soluble in cold 
water and cannot be used, therefore, in these processes. The presence 
of a bichromate salt does not modify the behavior of the gelatin to any 
great extent in the absence of light although a slow hardening occurs even 
in the dark. 

In applying the sensitive film a warm solution of the gel, either plain 
or containing the requisite quantity of bichromate salt, is poured over the 
carefully leveled plate or backing^ and dried in an oven at low heat. 
A gravure tissue, on the other hand, may be suspended vertically and 
excess solution allowed to drain off. If the sensitizing salt has not been 
included, it may be introduced by soaking the coated plate in an aqueous 
bichromate solution of the proper concentration, and the coat once more 
dried. The plates generally are used within a few days of their prepara¬ 
tion, because of their gradual deterioration. According to Rowell,^® 
deterioration may be retarded by covering the freshly dried colloid film 
with a thin coating of water-insoluble but water-permeable material. A 
composition consisting of 1.5 parts beeswax, 3 parts tallow and 20 parts 
turpentine is applied to fresh films which have been dried in non-actinic 
light. It is reported that plates which were treated in this manner and 
stored a year or more in light-tight envelopes were found, upon removing 
the wax, to be in good condition and still sensitive. 

Tanning 

The phenomenon of tanning is not very well understood. It is known 
that the hardening of chromatized gelatin is brought about by the action 
of insoluble chromium chromate, Cr203 . CrOa. The reduction of the 

' Sometimes the sensitive coating is prepared first on a flexible backing and then transferred to 
the metal plate. One method comprises coating a thin sheet of materim such as paper with an 
aqueous solution of starch or sugar. This is dried and the gelatin composition applied. After this 
has set, transfer to the metal surface is made. The backing sheet is removed by moistening it. The 
water penetrab's the paper and softens the starch or sugar coating and allows the paper to be 
stripped off. Then the carbohydrate itself is rinsed off, leaving the clean surface of gelatin. (H. Neu¬ 
mann, U.S. P. 1,989,017, Jan. 1985; Chem. Abs., 1935, 29, 1908.) 

G. 8. Rowell, U. S. F. 1,902,955, Mar. 6, 1935, to Multigraph Co. ; Chem. Abs., 1935 , 29, 2632. 



288 PRINTING INKS 

bichromate proceeds, although very slowly, in the absence of light. 
Illumination serves merely to accelerate this reaction. The addition of 
a reducing agent to the gel causes reduction of the bichromate and tan- 
ing of the gelatin. However, small amounts of mild reducing agent are 
sometimes incorporated for the purpose of rendering the gelatin more 

sensitive. Potassium ferrocyanide, for example, is frequently used.^ 
The presence of small quantities of certain salts, which do not exhibit 
any reducing action, however, has been found to enhance the sensitivity 
of the coating. Chlorides of copper, cobalt, and nickel in low concentra¬ 
tion (0.1 to 0.5 per cent) increase the sensitivity of the film two to three¬ 
fold. The objection which has limited the general use of copper chloride, 
and to a lesser degree also nickel and cobalt salts, is that gelatin coats 
become too tough to allow clean and easy development in water. On 
the other hand, cerous and lanthanum chlorides are described as excel¬ 
lent accelerators.^ They show no tendency to toughen the gel and the 
exposure required is one-third to one-half the usual time. 

The tanning of a simple chromatized gelatin is attributed, as already 
mentioned, to the action of chromium chromate. However, any insoluble 
chromate (and many other salts as well) exhibits the same tanning 
action.^ It is to the formation of these chromates that Tritton ® ascribes 
the accelerating action of the heavy salts. It appears probable that 
photodecomposition of bichromate proceeds by stages, the first of which 
is the formation of chromate ion which then is followed by reduction to 
chromium chromate. In the presence of a soluble salt which precipitates 
a chromate the hardening compound is formed at the end of the first 
stage and further reduction to produce insoluble chromium chromate is 
imnecessary. The choice of cation is greatly restricted. Thus, any salt 
which precipitates the chromate from a solution of the bichromate can¬ 
not be used since such a salt would tan the gelatin at once. The follow¬ 
ing considerations indicate the conditions a good accelerator must meet. 

In a solution (or a water-retaining gel) of a bichromate or chromate 
salt, both the bichromate and chromate ions are present. The equi¬ 
librium between the two ions and the equilibrium constant K may be 
represented respectively by the equations: 

2CrOr’+2H+ Cr,07'-+H.0 K= (Cr,07-)/(Cr0r')^(H*)*=1.2x 10’^ 

«See, for example. A. Weingarten. U. S. P. 1,564,161. Dec. 1, 1625; Chem, Abs., 1026, 20, 343. 
•F. J. Tritton, Photographic Journal, 1920, 69, 281; BritUh Journal of Photography, 1020, 76, 

881; Chem, Abs„ 1020, 23, 4629. 
* Thia fact is applied in the preparation of printing plates similar to collotype by non-photographio 

methods. Briefly, it consists of making a sketch on paper say, with a pencil containing a tanning 
salt (e.g,, alum) and mounting this on the unsensitized gelatin. The printed portions of the subject 
tan the gelatin so that on treating the latter with water and ink>repellent (e.g., bile), the tanned 
portions are unaffected and remain ink-retaining^ whereas the distensible portions swell and become 
^-repellent. 8m V. Diets, U. S. F. O.OOSjMOT^eo. 10, 1035, to Erwin B. Elliott and Maurice C. 
Boyd: Chem. Abe., 193$, 30, 703; U.8.P. 2,044,150, June 16, 1936; Chem, Abt., 1036, 30, 5334. 
H. Wienke, British V. 448A20, 1036; Chem. Abe., 1036, 30, 8441. 

* F. J. Tritton, loe. eit. 
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The mechanism involves the two equilibria:® 

HCrO*-=CrOr "+=7 X lO’’ 

2HCr04-=HaO + Cr,07 “ A=60 

Inspection of these equations shows that the concentration of chromate 
ion decreases with increasing hydrogen ion concentration or decreasing pH. 
The greater the insolubility of a chromate the lower the pH of the solution 
from which it will precipitate. The pH of a gelatin film is usually 7 to 8. 
The addition to such a gel of a salt which deposits the chromate from 
solutions of lower pH will result in immediate tanning of the gelatin 
because of the formation of the insoluble precipitate (unless the salt is 
added in such small quantity that the solubility of the chromate is not 
exceeded). Thus copper ciiloride is ordinarily an unsatisfactory sensitizer 
since it precipitates the chromate from solution with a pH of 6.5. Cobalt 
and nickel chromates form in solutions with pH of 6.8 and 6.6, respec¬ 
tively, and for this reason, salts of these cations are also objectionable. 
Even in small quantities these sensitizers react to some extent and 
toughen the gelatin. A satisfactory sensitizing agent is obviously one 
which forms the insoluble chromate in a solution with a pH slightly 
higher than 8. This salt would not form the chromate in the original 
bichromate gel but would precipitate as soon as any additional chromate 
had been synthesized by the action of light. Cerous and lanthanum 
chlorides deposit the chromates from solutions with pH of 8 and 8.5, 
respectively, and are recommended as sensitizing agents. The salt may be 
incorporated in the sensitizing bath. Such a bath used in the preparation 
of gravure tissue has the following composition: 2.5 parts potassium 
bichromate and 2 parts of a 10-per cent cerous chloride solution in 100 
parts of water. On the other hand a normal bichromated gelatin may be 
exposed for one-third the usual time and then soaked, preparatory to 
mounting, in a 2-per cent cerous chloride solution in place of plain water. 

What has been said regarding gelatin holds to a large extent also for 
albumin and fish glue. This is to be expected since they all are protein 
compounds.*^ In photolithography, albumin (and occasionally gum 
arabic) is the colloid employed. Ammonium chromate is the chromatiz- 
ing agent generally used with albumin. Its sensitivity in the latter is 
about twice as great as that of the potassium salt. Reed and Dorst® 
state that for best results the ratio of bichromate to albumin (dry) should 
be 1:3. The amount of moisture retained (10 to 15 per cent) after the 
film has set depends on the humidity of the surrounding air, and greatly 
influences the quality of the print obtained. Humidity is therefore an 
important factor in preparation of the plate. 

•W. M. Latimer and J. H. Hildebrand, *‘Ref. Book of In, Chem.,*' New York, The Macmillan 
Co., 1934, p. 281. 

’’ Fish glue, a gelatose, is a further hydrolytio product of fish gelatin. 

B R. F. Reed and P. W. Dorst. Bulletin, Lithographic Technical Foundation, Inc,, 1932, No. 6. 
The albumin process is fully described in this bulletin. 
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Sensitized films employing certain synthetic resins in place of the usual 
albumin, gelatin or gum arabic have been proposed. Polyvinyl alcohols ® 
and ammonium bichromate, for instance, are stated to form a photo¬ 
sensitive body which requires only one-third of the exposure needed by 
corresponding albumin coatings. A film of this kind is prepared by 
pouring over a clean zinc plate or other backing a heated aqueous solution 
containing 5 per cent moderately polymerized vinyl alcohol and 4 per 
cent ammonium bichromate and subsequently drying the layer thus 
formed. The exposure is made, the plate developed, dyed, etched and 
washed out to produce the finished matrix. The polyvinyl alcohol coat¬ 
ings are said to exhibit a toughness and elasticity exceeding that of the 
protein films. 

Synthetic resins, together with shellac, dissolved in a weakly alkaline 
bichromate solution dry to a photosensitive film which may be used in the 
autotype and similar processes.^® Development of the plates after expo¬ 
sure is effected with alcohol. 

The use of asphalt or bitumen of Judea (sometimes referred to as 
^‘Syrian Asphalt”) as a photosensitive material was quite general before 
the introduction of chromatized gelatin, albumin, and fish glue. This 
asphalt is much less sensitive than the bichromated protein colloids, 
although it is said to give somewhat superior printing results.The 
introduction of sulphur increases the sensitivity of the bitumenJ- A 
method of incorporating sulphur is to dissolve 100 parts of Syrian asphalt 
in 500 to 600 parts of carbon disulphide. To this solution arc added 6 to 8 
parts of sulphur chloride diluted with 20 parts of carbon disulphide, and 
the whole heated to boiling in a flask fitted with a condenser. Hydrogen 
chloride and carbon disulphide distill off. The residue is diluted with 
2000 parts of anhydrous benzene and the mixture filtered. After the 
addition of 2 per cent oil of lavender, the filtered solution is ready for 
use. Turpentine is used in the development since asphalt is insoluble 

in water. 

Printing Processes 

The three classifications of printing, viz.y intaglio, relief and plano¬ 
graphic, are based solely on the nature of the printing matrices employed 
(see Chapter 1). In considering the preparation of these matrices it is 
found more convenient to make the following division of the subject: 
intaglio processes, relief processes, copy-relief processes, photolithographic 
processes and the collotype process. 

•British P. 451,009, 1936, to Chomisch#* Forschungsjjosellschnft m.b. IT.; Prv. Paint, Colour, 
Varnish, 1936, 9, 396; Chem. Abs., 1937, 31, 332. French P. 795,361, 1936; Chem. Abs., 1936, 30, 5138. 

WP. Besemann, German P. 650,161, 1937, to I. G. Farbenind. A.-Q.; Chem.-Tech. Vbersicht, 1938, 
62, (1/3), 3; Rev. Paint, Colour, Varnish, 1938, 11, 50; Chem. Abs., 1938, 32, 874. 

^ C. W. Gamble, “Modem Illustration Processes,” London, I. Pitmans and Sons, Inc., 1933, 1938. 

^E. Valenta, Phot. Korr., 1910, 47, 238; Chem. Abs., 1910, 4, 3044; J.8.C.L, 1910, 29, 783. 
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Intaglio Processes. An important difference between intaglio prints 
and prints produced from planographic and relief matrices is that in the 
first-named the tone of tlio print is rendered by various thicknesses of ink 
or pigment, whereas in the latter two the illusion of tone or shade is 
created by dots of different size.^-^ In intaglio prints effects are thus 
obtained in the same manner as in a painting, and the intaglio processes 
are, for this reason, adjudged by many to afford the ideal method of 
photomechanical reproduction. 

The most direct photointaglio process is the Woodbury type,^^ 
although the method is seldom used. The printing plate consists of a 
sheet of lead which is impressed with a series of cavities, the variation 
in depth of which corresponds to the light and dark portions of the pic¬ 
ture it represents. A sheet of paper coated with bichromated gelatin 
containing carbon or other pigment in suspension is exposed imder a 
negative. The gelatin is tanned to different depths depending on the 
intensity of illumination. The film is then transferred to a support con¬ 
sisting of a thin layer of collodion on a plate of glass. (In ‘^transferring’^ 
the film is mounted on another surface so that the upper face—the tanned 
portion—of the film rests on this surface and is properly affixed thereto. 
By sponging the paper backing with warm water, it is loosened and may 
be stripped off. The soluble gel next is washed away, leaving the con¬ 
toured surface of tanned gelatin. This is generally treated with alum 
solution to completely harden it.) The collodion sheet then is stripped 
off the glass plate. This sheet with the pigmented gelatin is known as the 
Woodbury ‘‘relief” and is nothing more than a carbon print mounted on 
collodion rather than on paper. It constitutes a reproduction of the 
subject in which the tone or shade is produced by various depths of pig¬ 
ment, the amount of the latter being proportional to the thickness of the 
gelatin layer. The relief is placed on the bed of a hydraulic press, a piece 
of pure, smooth lead placed on it and uniform pressure applied. The 
tanned gelatin is hard enough to withstand this pressure and a perfect 
impression of the gelatin mold is produced in the lead. In making a 
print, the metal matrix is carefully levelled and a pigment-gelatin solution 
poured into the mold. A sheet of paper is placed on top and pressure 
evenly applied. Excess gelatin is in this way squeezed out. After the 
emulsion has set, the paper is pulled off carrying with it the gelatin mold. 
The latter is a reproduction of the relief from which the matrix was made 
(provided that the same amount of pigment is present in both). Although 
this method is no longer in use, the Woodbury type process yields results 
which are said to compare favorably with those obtained by any other 
method of photomechanical reproduction.^^ 

** This is only partly fnio for collotype (n plnimgraphic process), which is describetl below. 

1<W. B. Woodbury, British P. 1,918, 1866. 
'“Paper coated with such a pigmented gelatin is known as “carbon tissue.” “Gravure tissue” 

is a paper coated with sensitized gelatin and containing no pigment. 
C. W. Gamble, “Modern Illustration Processes,” London, I. Pitmans and Sons, Inc.. 1933. 1938. 
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The Woodbury type is a bridge between the purely photographic 
carbon process and the photointaglio process exemplified by rotogravure. 
In the latter process the printing surface is reticulated with narrow lines 
of unetched copper. The purpose of the reticulation is to provide a bear¬ 
ing surface for the doctor blade with which the ink is removed from the 
unetched portions of the surface. If a surface with relatively large 
recessed areas uninterrupted by such reticulation were wiped, much of 
the ink would be removed from the cavities and accurate reproduction 
rendered impossible. In rotogravure, reticulation rather than stippling 
(as in photogravure) is used to prevent lateral flow of ink. 

The usual procedure of preparing a rotogravure plate is described in 
Chapter 1. This comprises exposing a gravure tissue under a diaposi- 
tive and an intaglio screen successively; transferring the film to printing 
plateremoving tissue backing and soluble gelatin; etching the plate 
and removing the gelatin coating. The depth of the cavities in the 
gravure plate is controlled by the thickness of the gelatin deposit. When 
the ferric chloride solution is applied the salt diffuses through the gelatin 
and attacks the metal beneath. The time of etching is so controlled that 
the metal surface corresponding to white portions of the image is not 
attacked. 

In producing text (line drawings and the like) in combination with 
gravure pictures the negatives of the continuous-tone matter and of the 
print or line work may be combined to produce a positive. The complete 
image is then obtained on the gravure tissue and transfer of the latter to 
the copper plate is made. The two portions of the plate containing the 
line work and the picture are etched separately, one portion being covered 
with asphalt while the other is etched. The separate treatment is neces¬ 
sary bcause the time required differs for the two sections.^® Another 
method is to print the text portion (properly layed out) on a thin sheet 
of celluloid, with a tacky ink. The surface is then dusted over with bronze 
powder and the print thus rendered opaque. Exposure of the gravure 
tissue is then made through this sheet and through the diapositive of the 
continuous-tone matter. 

A method of preparing a gravure plate which obviates the necessity of 
using a gravure tissue has been proposed by PearsonIn this process, 
according to his description, the image to be reproduced is twice photo¬ 
graphed to produce a continuous-tone and a screened negative and from 
these the corresponding transparencies are made. The presensitized print¬ 
ing plate is then exposed to light passing through the screened positive, 
and the plate developed to establish an acid-resisting coating. The plate 

For a deflcription of the preparation of a photogravure plate by means of the web collodion 
process see British and Colonial Printer^ 1932, 3 (New scries No. 207), 344; (208), 372: Nitrocellidose, 
1032, 3, 228; Chem. Abi,, 1033, 27, 1526. 

“For a method of centering the subject on the plate sec V. E. Royle, U. S. P. 1,964,590, Juno 26, 
1934. 

“See C. W. Saalbury, German P. 236,022, 1910; Chem. Abs., 1912 , 6, 1800. 

“A. A. Pearson, U. 8. P. 1,001,468, Mar. 14, 1933; Chem. Aba., 1033, 27, 3157. 
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is once more sensitized directly over this coating and exposed, this time 
to light passing through the continuous-tone diapositive with the image 
on plate and on positive in register. After developing this coating the 
plate is etched with a copper solvent.^^ 

If a rotogravure plate is to be used for long runs, it is often provided 
with a hard surface, usually of chromium or steel. The layer of metal is 
produced by filling the depressions with a non-conducting paste and elec- 
trolytically depositing a thin layer of a tough metal on the flat portions of 
the plate. Such a chromium-faced plate may be more deeply etched 
if this proves necessary on taking a print, the chromium remaining unat¬ 
tacked by the copper-etch solution. Also, nickel has been recommended 
for this purpose.^^ 

Relief Processes. In relief printing, the ink is taken from the supply 
roller and transferred to the surface being printed by those portions of the 
matrix which are in relief. This method is of great commercial impor¬ 
tance since relief and typographic matrices may be combined and printed 
simultaneously, the manner of inking and transferring being the same for 
both. (The term “relief process,’’ as used here, includes only the photo¬ 
engraving processes of producing line and half-tone plates.) In the 
reproduction of line work a simple negative is used. Continuous-tone 
subjects, on the other hand, are rendered by half-tone plates which are 
obtained by means of a “broken-tone” negative. This negative is 
obtained by exposing the subject through a half-tone screen. The screen, 
or its equivalent, is essential in both relief and lithographic processes 
and its function will be described briefly. 

In a half-tone print the illusion of gradation in tone is obtained by 
dots of various sizes. Tims the dots, which are distributed regularly over 
the surface, arc very small in the highlights and large in the dark portions 
of the image and these, with dots of intermediate size, produce the effect 
of tonal variation. The illusion is possible because of the imperfect 
resolving power of the eye. Thus, if a white sheet covered with black 
spots is regarded from a distance of 100 cm., the sheet will appear gray 
and no individual spots will be apparent to the normal eye. Further, the 
shade of gray will depend upon the size of the spots (the number per 
unit area remaining constant) until a black is obtained when the spots 
completely merge. 

To obtain a half-tone matrix the screened negative is used. This 
screened negative is obtained by interposing a half-tone screen between 
the film and the continuous-tone positive so that a broken-tone negative 

« See N. Ludyigsen (U. S. P. 1,944,3.')4, .Tan. 23. 1934; Chnn. .Uj.-?., 1934, 28,, 1944) for another photo- 
Rravure process in which flie exposure is made directly on the sensitifed printing plate. 

” British P. 446.793. 1936, to Soc. nnon. de publications periodiques (Imprimeries E. Dosfosses); 
Chem, Abit., 1936 . 30, 6857. 

«A. A. Leucher, TT. S. P. 2,127,824, Aug. 23, 1938; Chem. Abs., 1938, 32, 7886. 
^ The evolution of the “screen" into its present form may be said to have begun in 1852 with 

F. Talbot (British P. .56.5. 18.52), who employed gauze. Other more orthodox tvpes of screens "were 
proposed by E. J. Bullock (British P. 2,954, 1865) and J. W. Swan (British^ P. 2,969, 1879). .\ft*^r 
this, work on the screen wna carried on by Meisenbach Co. Works. For details see Ch. W. Gamble. 
“Modern Illustration Processes," London, I. Pitman & Sons, 1933, 1938. 
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is obtained. Tlie screen generally used consists of a transparent plate 
ruled diagonally with opaque lines, the distance between them and their 
thickness being approximately equal. The appearance of such a screen 
is that of clear, transparent squares on an opaque background. Light 
on passing through a small aperture tends to spread. When the light 
from the bright portion of the positive passes through these squares in the 
screen, neighboring rays more or less overlap so that only the centers 
of intersection (in a properly adjusted screen) of the opaque lines are 
pictured on the negative as transparent spots. In those parts of the 
image through which less light passes, the overlapping of the beams will 
be less and eventually only a small beam will pass through the screen. 
The portions of the negative illuminated will become opaque, the unillu¬ 
minated parts remaining clear. On exposing the sensitive surface through 
this negative the colloid acted on by light will be rendered completely 
insoluble, the remainder staying soluble. 

The sensitized film applied to the plate is generally chromatized albu¬ 
min or fish glue (in the so-called enamillene method). Ammonium chro¬ 
mate, because of its great sensitivity, is the usual sensitizing agent. 
Processing of the plates subsequent to exposure differs depending on 
which of the two coatings (albumin or enamillene) is used. With the 
albumin film the procedure is as follows: The plate is covered with 
transfer ink^® and placed in water. After a short period, the soluble 
gel is removed by rubbing the plate with a piece of cotton wool. The 
insoluble portion, to which adheres a thin coating of transfer ink, remains. 
After drying the plate it is dusted over with finely ground bitumen pow¬ 
der which sticks to the ink. The whole then is warmed to fuse ink and 
bitumen. Subsequently the portions in relief are covered with a film of 
gum arabic solution. The plate then is ready for etching. 

In the enamillene method, the exposed plate is placed in water and the 
unaffected fish glue dissolved (fish glue readily dissolves in cold water), 
leaving the hardened gel on the surface. The tanned gel or image, which 
is difficult to see, is made visible V)y flowing a solution of methyl violet 
over the plate. The plate then is washed clean and dried. Any retouch¬ 
ing is made at this stage. The plate subsequently is heated over a low 
flame. This operation, called ^‘burning in,” renders the gel hard and 
impervious to the etching solution. Because of this last operation, copper 
rather than zinc (which is preferable in the albumin process) is used, 
since the zinc, upon being heated, forms crystals and thus produces a 
rough, uneven surface. A disadvantage of copper, on the other hand, is 
that it tends to scum (z.c., insolubilizc) the gel. From the description, 
it will be seen that the enamillene is the simpler of the two methods, and 
it is for this reason that it is preferred in commercial work, particularly 
for half-tone plates. 

^ The printing fare may be elightlv longhened bv incorporating phenol in tlie transfer ink. 
This rou^enecl surface cauaea the ink to be more readily retained on the plate (British P. 478,776, 
1038, to C^emische Forschungsgesellschaft m. b. H.). 
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Etching. Following the preparation of the resist, the plates are sub¬ 
mitted to a short, preliminary etch. If the etching were prolonged, the 
cavity formed between the resist would be attacked not only vertically 
but also along the sides so that “undercutting’’ of the resist would occur. 
This is prevented (in the roller process) by rolling up the surface with 
ink, powdering over with colophony, and warming so that resist mixture 
flows down the sides of the cavity and protects them from further action. 
This is repeated until the etching is completed. A method of modifying 
the plate, known as “fine-etching,” employs controlled undercutting to 
change the size of the half-tone dots. The operation consists of succes¬ 
sively stopping out the portions which are not to be treated further, and 
undercutting the remainder. The process of fine-etching often consti¬ 
tutes an important step in the production of half-tone plates. 

Hurst and Meulendyke describe a method of preparing plates for 
relief, intaglio or planographic printing which eliminates a number of the 
steps required in the usual processes. The procedure for making a half¬ 
tone plate is as follows: a copper sheet is coated w’ith a thin layer of 
silver, chromium or nickel and upon this base is deposited a film of 
gelatin emulsion containing a photosensitive silver salt. The purpose of 
the metal layer is to avoid contamination of the emulsion by copper. 
The gelatin then is hardened by treating with a tanning solution. The 
next step is to expose the plate to the subject through a half-tone screen 
(60 to 133 line screens afford a practical range). The exposed plate then 
is developed. Any developer such as metol-hydroquinone can be used. 
Following this, the plate is rinsed and placed in an oxidizing bath which 
is generally a 3-per cent hydrogen peroxide solution. The oxidizer has 
the effect of softening the gelatin directly surrounding the silver dots so 
that the gelatin dissolves out under the selective control of the silver 
image. After the solubilized gelatin has been dissolved, the image resist 
remains on the plate. The addition of a light-restraining agent was found 
to aid in the control of exposure and processing. The silver emulsion (as 
most sensitized emulsions) is sensitive largely to light of rather short 
wave-length, f.c., blue and violet light. A satisfactory light-restraining 
agent is the yellow dye “tartrazine” which acts as filter to hold back 
penetration of the blue and violet light.-^ 

Preparation of Intaglio and Relief Printing Surfaces from Copy 
Reliefs. By copy relief is meant the swollen gelatin from which intaglio 
or relief matrix is cast. In preparing such a relief for an intaglio plate, 
a so-called copy plate, for example, covered with a thin film of sensi¬ 
tized gelatin is exposed through a diapositive of the subject and then 
through a ruled screen of transparent lines on an opaque background.^® 
The copy plate is then inserted in cold water, the gelatin swelling or 

13. Hui.st iiiul C. 13. M.-ul.‘n(lyke, 0. S. P. 1.938.290, IM*. 5. 1933. 

« Sfc also F. H. Blof.in, U. S. P. 2,122,404, .Inly 5, 1938; Cliem. Ahs., 1938, 32, 6775. 
»E. Saunr (U. S. P. 1,811,971, June 30. 1931, to Erikst S.uier ProceSvS, Ino.; Chetn. Abs., 1931, 25, 

4984) employs a screened positive so that only a ^ingle exposure of the copy plate is required. 
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rising to form the copy relief. This resembles in appearance a reversed 
rotogravure plate, i,e., a network of sunken lines on a field of varying 
thicknesses. In this treatment, also, all unreacted bichromate is dissolved 
out so that no further reaction can take place. If a copy relief for a 
half-tone plate is desired, a broken-tone negative is used in place of the 
diapositive and intaglio screen, but the same general procedure is 
followed. 

After the copy relief is removed from the water it is allowed to dry 
and a cast is made of it. The plate is laid flat, gelatin surface up, and 
across one end a plastic (^Mope”) material is poured. A backing sheet 
of celluloid, for example, is then placed above the gelatin relief and, by 
means of a heavy roller, is squeezed down upon the copy relief. The 
bulk of the viscous liquid composition gradually is pushed forward toward 
the other end of the plate and the excess of the liquid composition pushed 
out and discarded. The moldable composition is then allowed to harden 
and set to the final cast. After about 15 minutes the backing paper is 
stripped off. The backing, with the cast on it, constitutes the printing 
matrix. After complete solidification of the cast, it is mounted on a 
plate or roll. 

The plastic coating materials are generally cellulose derivatives dis¬ 
solved or dispersed in volatile liquids. One such mass consists of finely 
ground acetylcellulose containing 53 to 55 per cent acetic acid mixed 
with benzene and ethyl alcohol.^® 

Plastic masses employing cellulose nitrate are described by McKee.^® 
The compositions are made of cellulose nitrate, plasticizer and a mixture 
of solvents and contain approximately 25 per cent solid and 75 per cent 
solvent. The plasticizers (with cellulose nitrate, tricresyl and triphenyl 
phosphates or dibutyl phthalate are used) impart the desired consistency 
and toughness to the cast. Acetone, ethyl acetate and other solvents 
commonly are used. A composition of this type contains 20 per cent 
cellulose nitrate and 5 per cent triphenyl phosphate dissolved in a mixture 
of 43.5 per cent amyl acetate and 31.5 per cent butyl acetate. This mix¬ 
ture is reported to yield a cast of great hardness and durability which 
will faithfully copy the finest impressions. In general a mixture of 
nitrates of different viscosity are used. The addition of a gum or resin, 
such as gum dammar, increases the hardness and life of the cast. These 
gums, which should be insoluble in the inks used, delay hardening and 
setting of the product somewhat. The compositions harden first by 
absorption of the solvent by the backing, secondly by precipitation proc¬ 
esses when the plastic composition comes in contact with moisture 
carried by the water-swollen gelatin copy relief, and finally by evapo¬ 
ration of the residual solvent when the cast is removed from the mold 
and exposed to air. 

»German P. 605.995, 1934, to I. O. Farbenind. A.-G.; Chem. Abs., 1935. 29, 1907. 
•OR. H. McKee, U. S, P. 2,116,538, May 10, 1938, to Cellu-type Plate Co., Inc. 
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Another type of plasticizable mass for casting from copy relief com¬ 
prises a solution of polyvinyl chloride (containing 65 per cent chlorine) 
in a solvent such as methyl alcohol.®^ 

A somewhat novel method of casting the printing matrix was proposed 
by Sauer.^- Instead of using a plastic material, a celluloid solvent 
acetone, ethyl acetate) is poured over the copy relief and a sheet of Cellu¬ 
loid pressed down until only a thin film of solvent remains. This solvent 
makes the under surface of the celluloid sheet plastic so that an impres¬ 
sion of the relief is made. After the mass has set, the celluloid sheet is 
pulled off and mounted in the customary manner. 

A method of producing a rubber matrix from a copy relief is described 
by Browne.*^’^ Instead of swelling the exposed gelatin with water, the 
surface is immersed in rubber latex. As water is absorbed from the 
latex, the concentration of rubber in the dispersion contiguous to the 
colloid surface increases to such an extent that a fairly thick film of 
gelatinized rubber is deposited on the mold. After being withdrawn 
from the solution, the rubber film is re-enforced by pouring on it a coat 
of latex and allowing the latter to dry. 

Schultz points out that smudges of ink often appear on the uncol¬ 
ored portions of printed matter and encircle the outer margins of the 
printed image. These defects, he states, are due to the presence of 
the screening relief which extends into the uncolored portions of the 
picture and beyond the picture margin. By blocking out the white por¬ 
tions and the margins on the negative, the screen lines are eliminated 
in the clear portion of the image and from the margins. 

Lithographic Processes. The lithographic printing processes are 
based on the ink repellency exhibited by moist surfaces on the one hand 
and ink receptiveness exhibited by greasy, water-repellent surfaces on 
the other. In the (non-photographic) lithographic process, a porous 
stone generally is used.'^-'^ The calcium-magnesium limestone from the 
Solenhofer quarries, first used in 1796 by Senefelder, the originator of 
lithographic printing, still remains one of the best stones for the purpose. 
The design is drawn on the clean, smooth stone surface with a greasy 
ink. Upon wetting the stone, water is adsorbed by the uncovered stone, 
leaving it moist, but repelled from the greasy design. When the wetted 
stone is next rolled up with fatty ink, the latter is repelled by the moist 
stone but adheres to the greasy portions making up the design. When 
an impression is taken, this ink is transferred and the print of the design 
drawn on the stone is obtained. In most photolithographic processes a 

^'Gorman P. 614,35S, 1035, to I. G. Fnrbeniml. A.-G.; Chem. Ahs., 1036, 30, 793. 

ME. Sauer, U. S. P. 1,811,071, June 30. 1031, to Ernst Sauer Process. Inc.; Chrm. 1031, 25, 4984. 

WT. C. Browne, U. S. P. 2,022,183, Nov, 26, 1935; Chem. Abs., 1936, 30, 002. 
w O. R. Schultz, XT. S. P. 1,080,443, Nov. 13, 1034. 
“A. R. Trial (British P. 475,002j 1037; Chem. Ab«., 1038, 32, 3706) atatea that a mat surface of 

electrolyticnlly deposited chromium m a crystalline state may be used for lithoRraphic plates. Such 
a surface is made grense-receptive by treatment with acids, e. g., hydrochloric or hydrobroraic acid, 
and then is render^ grease-repellent by further treatment with an oxidizing agent, c. g., nitric acid 
or hydrogen peroxide. 
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metal, generally zinc or aluminum (in zincography and alagraphy, respec¬ 

tively), is employed in place of stone. The non-image portion of the 

metal is rendered water-receptive by graining. Water is retained in the 

minute crevices of the grained surface which is thus rendered grease- 

repellent. Such a surface is obtained by placing the plate in the shallow 

tray of a graining macliine, moistening the surface, covering it with fine 

abrasive material and small round marbles. A rapid reciprocating 

motion is produced which causes the marbles and abrasive material to 

roll over the plate and produce a finely-grained surface.^® A roughened 

surface is also necessary to hold the colloid firmly to the plate. 

A process of preparing photolithographic plates employing a transfer 

paper is described in Chapter 1. This is the so-called ^findircct” method. 

In another, the ^'direct” method, exposure is made directly on the sensi¬ 

tized printing plate and the latter processed to yield the printing sur¬ 

face. In the direct process a zinc or aluminum plate generally is 

employed. The metal surface is grained, moistened, and coated with a 

thin film of fish glue or albumin sensitized with ammonium chromate. 

A uniform, thin coat is obtained by means of a “whitler.’^ The plate 

is placed in this machine and revolved at a speed of between fifty and 

ninety revolutions per minute. The emulsion is poured on the center of 

the plate and is evenly distributed by the slow whirling motion. The 

coat is dried by gentle heating. The plate next is exposed through a 

reversed negative. For reproduction of a gradated tone subject a broken- 

tone negative is employed. The latter is prepared by exposing the film 

under a diapositive and screen. Another method, which finds some appli¬ 

cation in the preparation of litho-plates for offset printing, consists of 

preparing a half-tone plate, filling in the etched portions with magnesium 

carbonate to produce a white background and photographing this sur¬ 

face to obtain the broken-tone negative.^”^ This expediency is sometimes 

resorted to when retouching of the diapositive will not produce satisfac¬ 

tory results.®® 

After the proper period of exposure, the plate is covered with a greasy 

photolithographic developing ink. This is a special composition which 

adheres only to the exposed portions of the plate. When the ink has dried 

the plate is placed in a trough or sink and covered with water at about 

40* C. The surface then is swabbed with a piece of cotton to remove 

the unaffected colloid. The plate is removed from the trough, rinsed and 

given an ammonium phosphate-nitrate etch. After washing and drying, 

the plate is ready for mounting. 

Cornell proposed a double-coated sensitized plate in which the first 

sensitized layer (nearest the backing or support) consists of a chroma- 

W. T (TT. S. P. 2,040.129, Vmv 12. 19.36, f»» MiilfCn.) for nnothrr motliod of 
graining lith«»Krnphic plates. Sec also M. I.eeden, Offset Printer, 1929, 2, 216; Jtev. Paint, Colour, 
Vunnsh, 1929, 2, 342. 

•*” See also A. Ya. Baitzurov, Riis.sian P. .34,316, 19.34; Cheni. Ab»., lOS.*), 29, 2632. 
See the description of “dot etching,” however, in a .'aihseipient section nf this chapU'r. 
A. W. Cornell, U. S. P. 1,912,603, June 6, 1933, to Forbes Lithographic Manufacturing Co. 
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tized albumin and the other layer of a photosensitive silver salt emulsion. 
The silver emulsion takes the place of the negative generally employed 
in lithographic processes. The screened negative image is produced in 
this emulsion by a short exposure. After it has been developed and fixed, 
the sensitized surface is again exposed so that the corresponding positive 
is formed on the albumin layer beneath. After stripping off the top 
emulsion, the albumin is processed in the customary manner to produce 
the printing surface. The sensitized plate (see Figure 63) comprises the 
support, which generally takes the form of a metal plate such as alu¬ 
minum, on which is applied the layer of bichromated albumin. This 

Figure G3. Sketch of Doiiblo-Coated Sensitized Plate 
(A. W. Cornell). 

layer is provided with a very thin protective coating of paraffin, to the 
face of which is secured a pellicle of Celluloid. Upon this in turn is 
imposed a light-sensitive layer which may be an ordinary w^et plate 
emulsion embodying silver iodide. Such compound plates, it is stated, 
may be used to particular advantage when large images (ten feet square, 
for example) are to be produced. In the customary method an enlarged 
negative is made on a silver emulsion supported on a glass plate (lighter 
transparent mountings being in general unsatisfactory because of shrink¬ 
age and trouble in handling). A plate of such size is unwieldy apart from 
its fragile character. Employing the compound plate, the exposure is 
taken through a diapositive and the enlarged latent image produced on 
the silver emulsion (Figure 63), Because of the short exposure and 
composition weakness of the illumination, the albumin layer is not 
affected. The plate next is developed, the w^ax (paraffin) protecting the 
albumin from the reagents during this operation. The compound film is 
illuminated (Figure 63) and a print made from the negative layer to the 
colloid coat underneath. The negative on its celluloid carrier then is 
stripped off, any adhering wax being sponged off the colloid with turpen¬ 
tine. After this has been done the printing surface is developed in the 
usual manner. 

Other Methods of Preparing Lithographic Matrices. One of the 
earliest methods of i)reparing lithographic printing surfaces employing 
a bichromated gel as ink-receplive surface was described by Lambert.**® 

N. LainlKMt, Bcr., 1872, 5, 63; Chem. Zentr., 1872, 3, 254. British P. 1,124, 1871. 
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A planed surface of birch, elm or boxwood is used as support. On this 
surface a sketch i§ made with an ink composed of a mixture of gelatin, 
albumin and lampblack in a saturated potassium bichromate solution. 

This plate is left in the sun for 2 to 24 hours, during which period the 
gelatin is fully tanned. The surface then is covered with glycerin or gum 
arabic so that the non-printing areas are rendered ink-repellent. 

A zincographic printing process, developed by Droege,"*^ is stated to be 
particularly applicable in reproduction of technical drawings. A posi¬ 
tive, such as an India ink tracing on linen, is employed instead of the 
usual negative. The plate is grained, moistened and coated with a 
bichromated albumin emulsion which then is dried over a low flame. 
The tracing is laid upon the plate and an exposure of 2 to 3 minutes made. 
A composition composed of 1 part of printer’s black and 4 parts of oil 
of turpentine is evenly distributed over the plate and allowed to dry. 
The surface then is rubbed over with a wad of cotton wool so that the 
soluble gelatin is removed and the drawing appears in metal on the black 
background (Figure 64). The drawing at this point appears on the zinc 
plate as a negative. To transform this into a positive a solution of 
shellac in alcohol is applied to the plate and dried so that it sets to a 
thin film over the whole plate (Figure 64). The plate then is washed 
with a paraffin solvent, a soft brush being used, until the covering or 
coating, that is, the shellac and printer’s black, has been dissolved and 
removed from the unexposed parts of the plate. This step leaves the 
plate covered with shellac—corresponding to the black portion of the 
image—and albumin. All traces of fat or oil are cleared from the sur¬ 
face by rubbing the latter with an aqueous solution of gum arabic. The 
albumin is removed by treatment with nitric acid and the exposed zinc 
cleaned and partly corroded with dilute sulphuric acid. The ink-repel¬ 
lent moisture-retaining background is obtained by etching with a solution 
containing 2 parts each of nitric, hydrochloric and phosphoric acid, 
together with 1.2 parts of sodium bichromate solution and 50 parts of 
water. Durable plates, capable of being used for long runs, arc said to 
be secured in this process. 

A method of obtaining a positive image from a negative image in 
gelatin is described by Beebe and MurrayA light rubber blanket is 
placed in contact with the exposed surface holding the undeveloped nega¬ 
tive (as would be obtained by exposure under a screened positive). When 
the blanket is withdrawn, the soft gelatin is removed from the film adher¬ 
ing to the lower surface of the blanket, forming a reversed positive 

image on it. The image is transferred to a lithographic surface. The 
soft gelatin is hardened by treatment with tanning solution and rendered 
ink-receivable. 

"K. Droege, U. S. P. 1,W0,M7, May 22, 1934; Chem. Abu., 1034, 28, 4616. 
" M. C. Beebe and A. Murray, U. S. P. 1,618,505, Feb. 22, 1927, to Wadsworth Watch Case Co.; 

Chem. Aba., 1927, 21, 1169. 
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Albumin solution 

Zinc plate 

4 
Printers’ black 

Albumin solution 

Zinc plate 

5 

Shellac solution 

Printers’ black 

Albumin solution 

Zinc plate 

Fjcure 64. Sketch of Mi'thod for Preparing Zinc Printing Plates (K. Droege). 

1. Plate covered with sensitized solution 4, Negative produced 
2. Drawing placed on sensitized solution 6. Negative covered with shellac solution 
3. Drawing covered with black 6. Positive produced 

7. Positive covered with black 

Any substance whose surface, under the selective action of light, may 
be transformed from a water-receptive to a water-repellent, ink-receptive 
surface, meets the fundamental requirement of photolithography. Such 
a substance, provided it possesses the necessary elasticity, strength and 
chemical inertness, may be employed to make printing plates. For exam¬ 
ple, cellulose ester may be processed in the following way to yield a litho¬ 
graphic surface.^^ A foil of acetylcellulose is sensitized by soaking with 

"U. Ostwald, U. S. P. 1,043,488, Jan. 16, 1934, to Kolle & Co. A.-Q.; Chem. Abs., 1934, 28, 2139. 
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a saturated solution of ammonium bichromate in methyl alcohol. After 
the sheet has dried it is exposed under a negative. Following exposure, 
it is treated with a strong caustic soda solution. After rinsing and dry¬ 
ing, the foil is ready for printing. In these operations, it is stated, the 
exposed portions of cellulose ester have been rendered unsaponifiable and 
remain, therefore, ink-retaining and water-repellent; the unexposed por¬ 
tions are saponified and the cellulose so obtained forms the moisture- 
retaining, ink-repellent surface. 

A printing plate, in which the ink-retaining and ink-repellent sur¬ 
faces consist of gelatin and Celluloid, respectively, also has been pro- 
posed.**^ A sheet of Celluloid is coated on one side with a film of light- 
sensitive silver gelatin. (The time of exposure is said to be greatly 
reduced by the use of a silver salt.) The gelatin surface is exposed under 
a negative (unreversed), through the transparent Celluloid backing so 
that the colloid contiguous to the backing is affected by the light. The 
plate is developed in tanning solution which renders insoluble the light- 
affected, image-printing portion. Following this the surface is inked to 
make the image-printing portion receptive to ink and repellent to mois¬ 
ture and the soluble gelatin then is washed away, exposing the moisture- 
receptive, ink-repellent Celluloid surface. 

Baker has proposed a process employing a smooth surface and a 
spongy, irregular surface of tanned colloid as water-repellent and water- 
receptive surfaces, respectively. 

Photo-offset Printing. In offset printing,‘^tlie transfer of an image 
from the printing plate to the impression sheet is brought about through 
the agency of an elastic medium. The ink is deposited from the print¬ 
ing plate to a resilient surface and from this is ''offset^^ onto the impres¬ 
sion surface. The chief advantage of the offset method is that it enables 
smooth prints to be obtained on rough-surfaced papers, cards or metals. 
If the plate were to print directly on a rough or rigid surface, contact 
ordinarily w^ould not be established at every point unless impracticably 
high pressures were employed. The ink, therefore, would not be trans¬ 
ferred completely. Although intaglio and collotype plates are some¬ 
times printed by offset, this method generally is associated with the 
printing of lithographic plates, and in this it is very largely replacing 
the older direct method.^*^ 

The offset press consists essentially of three rollers in contact, 
arranged vertically and revolving in opposite directions. From top to 
bottom these rolls are termed the ^‘plate,” the “blanket,^^ and the ^impres¬ 
sion'' cylinder, respectively. The ''plate" cylinder bears the printing 

**D. V. GerkiriR, U. S. P. 1,961,927, June 5, 19.34; Chem. Abn., 1934, 28, 4672. 

«E. N. Baker, U. S. P. 2,058,396, Oct. 27, 1936; Chrm. Abu., 1937, 31, 58. 
^ See, for example, C. P. Shaw (U. S, P. 2,060,640, Nov. 10, 1936, to Detroit Moulding Corp.; 

Chem. Abs., 1937 , 31, 331) for a nictiiod of producing wood grain effects by offset printing of 
intaglio plates. 

^ J. F. Jones, J. Oil A Colour Chem. Atsoc., 1933, 16, 149; Chem. Aba., 1933 , 27, 3625. 
^ Bee H. L. Dennis, Am, Ink Maker, 1937, 15 (12), 16; Rev. Paint, Colour, Varnish, 1938, 11, 24. 
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plate. In contact with it are two rollers—the dampening roller and the 
inking cylinders. The plate passes first under the dampening roller 
which moistens the grained metal surface. From here the plate passes 
immediately under the inking roller where a coat of ink is picked up by 
the image and rejected by the moistened portion of the plate. The ink 
then is deposited on the surface of the blanket cylinder (which consists 
of a roller covered with a rubber blanket about an eighth of an inch 
thick) and is then offset onto the sheet being printed. 

In most routine photo-offset printing, ordinary lithographic plates are 
used. When long runs are to be made, however, “deep-etched” plates 
find frequent application. The latter are prepared by illuminating the 
sensitized metal surface through a diapositive. Development exposes 
the metal in the image (or work) areas of the plate. The latter are 
etched to the proper depth and then covered with a greasy, ink-receptive 
substance. The non-work areas of the plate are desensitized and “gummed 
up” to enable them better to hold the mildly acid damping solution used 
on the offset presses. 

Other methods for producing deep-etched plates are also in use. The 
sketches (Figure 64A) illustrate one such procedure:^® The design is 
printed with a greasy ink upon a grained and cleaned metal plate 
(Figure 64A). Dusting powder such as rosin, asphaltum, starch, flour, or 
talc is applied to the ink (Figure 64A) to increase the wetting action of a 
succeeding bichromated colloid. The excess powder is removed with 
water. While still wet, the entire plate is coated with a colloid mixture 
comprising the following composition: 2 parts photoengravers^ glue 
(50 per cent solids), 1 part albumin (flakes), 0.6 part ammonium bichro¬ 
mate, plus water to make a solution containing 20 grams total solids per 
100 cubic centimeters of solution (Figure 04A). Whirling the plate serves 
to distribute and dry the coating. Rays from an arc lamp arc employed 
to harden the bichroinatized colloid (Figure 64A). By washing with ben¬ 
zene, gasoline or other ink solvent and rubbing with cotton wad, the ink 
and hardened colloid arc removed from the design areas (Figure 64A). 
The plate next is treated with an etching medium which does not attack 
the colloid but which renders the image slightly in intaglio (Figure 64A). 
Such a medium consists of 5 parts of nitric, hydrochloric or sulphuric 
acids in 95 parts of anhydrous ethyl alcohol. After the residue is dis¬ 
lodged from the etched areas by washing with anhydrous ethyl alcohol, 
benzene or gasoline, a solution of asphaltum is applied to render the sur¬ 
face grease-receptive. Lithographic ink subsequently is applied (Figure 
64A). The ink and hardened colloid may be removed from the non-image 

«R. P. Reed, W. Dorst nnd A. George, U. S. P. 1,992,771, Feb. 26, 1935, to Lithographic Technical 
Foundation, Tnr.: Chem. Ahs., 1035 , 29, 2632; Brit. Chrm. Abs. B, 1936, 172. 

The design may be produred bv the so-called transfer method, A sheet of pnpor sensitized with 
a film of chrornatized gelatin is exposetl under a negative. The paper then is coated with a ‘‘transfer” 
ink by means of a roller. After the solvent has evoporate<l, the gi'latin is treated with (cold) water 
and the unaffected colloid thus swollen. By gently rubbing the surface with cotton wool, the ink 
is removed from the distended gelatin but adheres to the hardened (unswollen) portions. The plate 
then is allowed to dry. In printing, the surface is moistened, rolled up with ink and the print made 
(see collotype below). 
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areas with an aqueous solution of an alkali (Figure 64A). For this pur¬ 
pose an aqueous solution of an alkaline-earth metal chloride with a small 
amount of dissolved caustic has been advocated/’^ Strong alkalies alone 
are said to remove the fatty ink from the design, but are stated to cause 
dermatitis of the operators^ skins. The ink which remains in the deeply 
etched design areas is offset to the rubber blanket and printed in a manner 
similar to other offset processes. 

Another procedure for obtaining deep-etched plates has been proposed 
by Rendall.®- A colloid, initially insoluble, but rendered soluble by the 
action of light, is employed. A zinc or aluminum plate is sensitized with 
a layer of gelatin and bathed in a solution of ferric tartrate. The latter 
is absorbed and renders the gelatin water-insoluble. The plate then is 
exposed under a negative and developed with water. (Glycerin or calcium 
chloride may be added to the latter to restrain its solvent action.) The 
plate next is etched with aqueous or alcoholic ferric chloride. The etched 
areas then are rendered ink-receptive, after which the gelatin is removed 
as already described, to produce the finished plate. The development 
of the deep-etch process has given considerable impetus to the growth of 
offset printing. 

Dot-Etching. The unadorned procedure in obtaining a lithographic 
broken-tone negative, namely, obtaining a simple negative, preparing 
from this a screen positive and from the latter in turn the negative, 
results in considerable flattening of tonal values. The process of modify¬ 
ing the screen positive, known as ^‘dot-etching,provides photolithography 
with a method of accentuating and correcting tone scales.®^ The process 
is analogous to fine-etching of half-tone plates. The screen positive, 
after developing and fixing, is treated with a reagent (e.gf.. Farmer's 
reducer or iodine-cyanide reducer) which has the effect of decreasing the 
size and sharpening the outline of the silver dots. 

In what has come to be known as the “Peridak" process,®"* Farmer's 
reducer, consisting of an aqueous solution of potassium ferricyanide and 
sodium thiosulphate, is employed. A film of gelatin sensitized with silver 
halide is exposed through a screen to the negative to produce, after 
developing and fixing, the screen positive. The latter consists of dots 
of silver of various sizes in gelatin. The positive preferably is over¬ 
exposed somewhat so that the shadow dots are slightly fogged; this tone 
effect is used for the solid portion of the reproduction. The film then is 
tanned to obviate the need for excessive care in subsequent handling. 
The portions of the positive which are not to be reduced are coated with a 
resist such as shellac and the positive submitted to the thiosulphate- 

R. F. Reed, P. W. Dorst and A. George, T^. S. P. 2,062.273, Nov. 24, 1937, to Lithographic Tech¬ 
nical Foundation, Inc.; Chem. Ahs., 1937 , 31, 788, 

MA. a. Rendall, British P. 449,772, 1936, to Morland and Impey, Ltd.; Chem. Abs., 1937, 31, 38. 

See R. F. Reinl and P. W. Dorat (Bulletin No. 11 of the Lith. Tech. Found., Inc,, 1937) for 
a review of the processes and a bibliography. 

M A. Murray, U. S. P. 1,9.10,903, March 13, 1934, to Kaatm.nn Kodak Co.; Chem. Abs., 1934, 28, 3323. 
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ferricyanide solution. The silver is attacked as the soh’^ent penetrates 
the gelatin and is dissolved. The reaction may be represented as: 

4Ag+4I^Fe(CN)6=Ag4Fe(CN)fl (insoluble)+ 3K.Fc(CN). 

3Ag4Fe(CN)«+16Na=S.Oa=4Na5Ag3(S.O:,>4 (soluble)+3Na4Fe(CN)« 

Murray points out that the reducing agent apparently is unable to 
penetrate into the interior of the silver deposit and that solution of silver 
occurs only at the boundary of the silver dot. The silver consequently 
is removed progressively at the face and sides of the dot so that both 
its depth and lateral area are reduced (Figure 65.) It was also found 
that the action of the reducing agent is more effective along the horizontal 

Partially reduced 
silver dot 

Reduced silver dot 

Figure 65. Sketch of “Peridak” Process of Dot-Etching (A. Murray). 

(lateral) radius. It is suggested that this may be due to a greater 
concentration gradient of silver salt away from the sides of the dot. As 
a consequence of this the reacted silver diffuses away more rapidly from 
the interface and allows a more rapid rate of dissolution. In any case, 
whatever the reason, the end effect is to produce a sharply defined silver 

»A. Murray, he. cit. 
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dot located at the center of the original deposit. By progressively block¬ 
ing out portions of the positive and submitting the remainder to reducing 
solution, desired accentuation of tone is secured. 

Collotype 

In collotype, the printing surface consists of gelatin variably hardened 
by light transmitted through a negative and thus rendered ink-receptive 
to different degrees. A glass plate, approximately one-half inch thick, 
is finely grained on one side, and flowed over with a solution consisting 
of 5 parts of egg albumin and 2 parts of sodium silicate solution in 10 
parts of water.*''"^ The water is evaporated, the plate heated to 60° C., 
cooled, washed and dried. These operations yield a surface to which the 
subsequently applied film of gelatin adheres strongly. An even coat of 
gelatin-chromate solution (18 parts of gelatin and 2 parts of potassium 
dichromate in 175 i)arts of water) is applied to the carefully leveled plate 
and dried at 40 to 60° C. P^xposure is made under a continuous 
(unscreened) negative. The i)rogress of the tanning may be observed 
by noting the darkening of the gel through the glass support. Exposure 
completed, the plate is flooded with water until all unreacted dichromate 
has been removed. After drying the film, it is swollen with what in the 
parlance of the trade is referred to as the ‘‘etching^’ solution. The latter 
consists of a hygroscopic substance and an agent for softening the film 
in aqueous solution {e.g., equal parts of water and glycerin plus 2 per 
cent sodium chloride). After removal of excess solution, the plate is 
ready for printing. In surroundings of the proper humidity and temper¬ 
ature, as many as a thousand impressions may be taken without remois- 
tening.^^ 

An examination of the effects on the gelatin of the operations described 
above will show how printing results are obtained by collotype. When 
the film is exposed under a continuous (unscreened) negative, the gelatin 
is tanned to different depths and to somewhat different degrees, depend¬ 
ing on the intensity of illumination. When the gelatin is treated with 
water, the unhardened colloid expands and ruptures the layer of hard¬ 
ened gel. As a result the surface consists of a large number of tanned 
gelatin particles on the soft gelatin base. Because of the variation in 
amount of untanned gel, the density of the particles will vary, being 
least in the highlights of the image and merging to an unbroken surface 
at the black portions. The crepe-like appearance of the surface is 
referred to as grain or “reticulation.” The cracking of the gelatin layer 
is due to the strain existing in it as a result of the high temperature at 
which the film was dried."*'^ The nature and degree of grain may be regu- 

“ The proportions of thi.s and other compositions mentiono<l below nre those suggested by J. S. 
Mertle, Qraphic Arts Monthly, 1938, 10 (6), 34; Rev, Paint, Colour, Varnish, 1938, 11, 280. 

See R. E. Fohsc {Graphic Arts Monthly, 1938, 10 (5), 36) for some aspects of the collotype 
process. 

In the copy-relief process, the gelatin does not rupture on being swollen with water. 
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lated to some extent by varying the temperature of drying. When ink 
is applied to tlie moistened layer, two factors govern the quantity and 
distribution of ink retained. First, the ink tends to be taken up by all 
tanned particles and rejected by the soft moist gelatin. Secondly, the 
more deeply tanned portions tend to retain more ink. In the highlight 
portions of the surface not only is the density of the spots of ink less, 
but also the amount of ink on each of these spots of tanned colloid is 
smaller. Either of these effects would be sufficient to produce some 
gradation of tone. As a matter of fact, images of low contrast (in tone) 
may be produced from plates which have no noticeable grain. 

Color Printing 

The theory of color printing is based on the fact that any color includ¬ 
ing black may be obtained by mixing the three basic colors, yellow, red 
and blue, in the correct proportion. Thus, it should be possible to print 
reproductions in all colors to match the originals by means of three print¬ 
ing plates, one to print yellow, another to print red and another to print 
blue. In the three-color method, three exposures arc made with panchro¬ 
matic dry plates through a yellow, red and blue filter and from each of 
these films a printing plate is prepared as for a simple monochrome repro¬ 
duction. With the corresponding plates the yellow, red and blue colors 
are successively printed on the impression surface so that the superimpos¬ 
ing of the colors produces the various shades of the original. In general, 
because of the limitations of the processes, a black printing plate is 
added, in which case we have the four-color process.'’''^ 

In preparing the yellow printing plate, for example, a so-called yellow 
“separation negative’^ is first made. The original is photographed through 
a purple or violet filter, i.c,, the color complementary to yellow. This 
filter permits the passage of the red and blue color value of the original 
and absorbs the yellow component so that this color is shut off from the 
negative. The yellow portion of the image in the positive which is pre¬ 
pared from this negative therefore will be present as dark areas, whereas 
the red and blue values will be light on this positive. Inasmuch as the 
plate which is to do the actual printing is a positive, the dark portion 
on the positive represents the printing surface which will be used for 
printing with yellow ink. The red separation negative is similarly made 
through a green filter which transmits only the yellow and blue color 
components, and the blue separation negative through an orange filter, 
which transmits yellow and red. The black separation negative may be 
made by exposure through one or more of the filters, depending on the 
results desired. If a screened positive is required (as in the intaglio 
processes), a screen is interposed during the exposure to the negative. 
Otherwise a continuous-tone positive (which may be retouched) is 
secured, and from this the broken-tone negative made. 

^In lithographic printing eight or nine color plates are often used to obtain effective reproduction. 
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The above procedure must be supplemented by considerable hand¬ 
work to produce a satisfactory printing plate. Such handwork, which 
must be done by experts, is necessary largely because of the inherent 
defects of the filters. Thus, ideal color resolution—in which two colors 
arc completely transmitted and the other fully absorbed—is not realiz¬ 
able and more or less of the color which is being filtered is transmitted. 
Since a mixture of the three component colors tends to yield black, a 
dulling or darkening of the shades is the result of incomplete filtering. 

A means of obtaining more effective color separation is described by 
WilkinsonThe method proposed consists of obtaining the usual three- 
color negatives and from these the corresponding positives; the positives 
and negatives being then combined to produce the “corrected’’ negatives. 
In prej)aring a corrected yellow negative, for example, a yellow and a 
blue negative are obtained by the usual method, and from the blue 
negative a positive is made. The density of the positive, which is 
called a positive overlay, is varied by the operator in accordance with 
the conditions encountered. The blue overlay is placed in register 
over the yellow negative and a corrected positive secured by photo¬ 
graphing through the overlay and negative. Inasmuch as the blue nega¬ 
tive was made through an orange filter, which transmits yellow and red 
rays, the yellow values will be dark in the blue negative and therefore 
light or transparent in tlie hhic positive overlay. The light readily 
passes through the areas wliich represent strong yellow values in the 
yellow separation negative and blue positive overlay to record the yellow 
values dark in the corrected positive. Since the blue values arc dark in 
the blue positive overlay, this will lighten the blue values in the yellow 
corrected positive. It is found that the red values also are reduced suffi¬ 
ciently in the yellow corrected positive. Thus, in the latter the yellow 
has been’retained dark and at full strength to rei)resent the printing sur¬ 
face in the final metal printing plate to be made, whereas the red and 
blue values have been eliminated or lightened to the extent desired. In 
a similar way, a red corrected positive is made from the red separation 
negative placed in register witli the blue positive overlay; and a blue 
corrected positive is made from the blue separation negative and yellow 
j)ositivc overlay. If a screened positive is wanted, a screen is used with 
the negative and overlay. 

Color separation achieved by means of filters may, in the reproduction 
of simple subjects, he done manually. The number of color components 
(generally more than three) which, when superimposed on one another 
will reproduce the original, is decided upon. This is done with the aid of 
a key drawing. The latter is an outline drawing of the subject on which 
the areas occupied by each of the color components is mapped out. By 
successively filling in these areas with the corresponding colors, a repro¬ 
duction of the subject, in the ideal ease, should be obtained. The areas 

'“’W. ,1. Wilkinson, 1. S. 1*. 2,004,144, .fimo 11, 1934, to The Miehle Printinp: Press ,1: Mfg. Co, 
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representing each color component in the key drawing then are sketched 
on separate sheets and are filled in with black ink. The color sketches 
thus obtained are used to produce the printing plates (generally litho¬ 
graphic). The plates are printed successively with the proper color to 
yield the print. The production of the lithographic plates involves the 
use of a screen to produce the broken-tone negative. The necessity for the 
screen is eliminated by making the color sketches with black crayon on a 
grained zinc surface. Tlie color areas then comprise an aggregation of 
black dots on the bright zinc surface. Tlie broken-tone negative is 
obtained directly by photographing the grained plate.®^ By varying the 
pressure of the crayon the size of the dots may be varied and different 
depths of color secured. 

® The emploj'ment of enlarged color sketches reduces the size of the dots in the negative and 
therefore the print, W. H. Ilackett and P. W. Pryke (U. S. P. 2,044,429, June 16, 1936) state that 
this expediency renders possible the use of fewer color component.s. 



Chapter 12 

Transfer Inks 

Printing directly on materials other than pa])er by typographic, plano¬ 
graphic or intaglio processes is somewhat difficult. In many cases it 
would be imjiractical to set fabrics or leatlier, because of area or thick¬ 
ness, in i)rinting pi(‘sses. In the cas(i of lithogra])hic stones or of objects 
made with glass, wood, metals or ceramics, particularly those which do 
not possess flat surfaces oi’ which are relatively large, the task of direct 
printing from presses sec'ins tremendous if not impossible of achievement. 
To avoid these obstacle's, the transfer ])rocess of printing, or, as it often 
is termed, decalcomania, has been developed. This comprises printing 
or jiainting designs, patterns, pictures or textual matter ui)on a temporary 
base, and later transferring the printed material from the temporary to a 
permanent base. 

Temporary bases may be prepared from pajier, fabric or other sub¬ 
stances that have flat surfaces and are of convenient size for printing, 
storing, transportation or other handling. However, paper apparently 
is employed in a larger number of instances than are other materials. 

For printing transfer designs upon temiiorary bases, typographic, 
planographic, or intaglio jirocesses may be employed. The choice of a 
j)articular method will depend to some extent upon the desired depth and 
sharpness of design. Typographic printing can be utilized to give pat¬ 
terns of considerable depth and sharpness on the temporary base, but 
often there is a tendency for ink to be concentrated around the edges of 
the lines and letters, and for imh'utation of the printed design on the back 
of the sheet to occur. Designs produced by iplanograidiie processes usually 
have fine, sharp lines, l)ut the depth of imjUTssion is not great. By use 
of intaglio printing considerable depth of ink can be secured on the 
temporary base without adversely affecting the sharpness of impression. 
Also, where special designs arc employed which do not justify a press- 
printing operations, the i)attern may be painted or jirinted upon the tem¬ 
porary base by hand. 

Transference of designs from temporary to permanent bases has been 
effected in some instances through heat, pressure, or a combination of 
these two, or by action of solvents. One method comprises setting of 
the temporary base in registi'r witli tlie permanent base so that the design 
is in contact with the final backing, and then ju'essing (with a warm or hot 
iron) on the back of the temporary base. If the latter had been coated 
with a water-soluble gum before the design was jilaced thereon, a damp 

311 
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cloth can be placed on the temporary backing beneath the iron.^ In one 
procedure for transferring designs from temporary Cellophane backing, 
the latter was placed in contact with the permanent base, and heated 
to 200-230® F. under pressures between 250 and 1000 pounds per square 
inch.2 On the other hand, it has been reported that temperatures in the 
range 120 to 160® F. are suflBcient to cause transfer of designs printed in 
gold, silver or aluminum from temporary paper backings to permanent 
pottery or glass bases.^ Afterwards, the paper may be removed by soak¬ 
ing with water, and the design fixed by heating at 1000-1100® F. 

Imprinting of designs upon pottery or lithographic stones may be 
accomplished by pressure alone. For example, it was proposed that a 
transfer ink containing mercuric oxide be transferred from paper to 
pottery by pressure, the resulting imprint dusted with colors, and the 
whole heated to fix the design on the pottery.** Preparation of litho¬ 
graphic stones by transposing designs from paper to the stone by pressure 
has been described.® Before transference, the inked design was immersed 
in a dilute aqueous solution of potassium dichromate, and then exposed 
to light for several minutes. In this way the ink was made water- 
insoluble, so that no bleeding would occur when the design-bearing stone 
was dampened prior to application of ink.® 

Transference of pictures from paper backings to transparent perma¬ 
nent bases such as glass may be accomplished by pressure.'^ In one 
instance, a picture on a paper backing was coated with mixture of 4 
parts glycerol and 5 parts gelatin in 100 parts water. Subsequently this 
coating was hardened by addition of formalin (aqueous solution of for¬ 
maldehyde) . The hardened transparent coat was covered with a layer 
of glue prepared from 12.5 parts joiner’s glue, 4 parts glycerol and 100 
parts water. The whole was treated again with formalin. A layer of 
glue was placed on the permanent glass backing, and the glue layer of 
the picture firmly pressed to the coated glass base. The paper or backing 
was stated to be removed by soaking with oil and rubbing with a mixture 
of powdered pumice in water. 

Solvents may be used to effect transposition of textual matter or 
patterns from temporary to permanent bases. Water has been proposed 
as a transference agent for temporary backing coated with water-soluble 
gums.® Also, water may be used as softening agent when the paper base 

'8. J. Cox. U. S.P. 1.820,559, Aujoist 25, 1931, to Colorfuae. Ltd.; Chrm. Abs., 1031. 25, 5776. 
British P. 328,909, 1928; Brit. Phem. Ab$. B, 1930, 657; Chem. Abt., 1930, 24, 5510. Cf, L. V. Casto, 
British P. 308,788, 1928, to Oxford Varnish Corp.; Brit, Chem. Aba. B, 1930, 264; Chem. Aba., 1930, 
24, 305. 

2R. L. Atkinson, U. 8. P. 1,966.942, July 17, 1934, to A. D. Little, Inc.; Chem. Aba., 1934, 28, 
5943. Cf. H. Counnont, British P. 317,970, 1928; Chem. Aba., 1930 , 24, 2258. 

•L. Allen and E. C. Deering, British P. 817,411, 1928; Brit. Chem. Abn. B, 1929, 852; Chem. 
Aba., 1930, 24, 2258. Cf. K. Rolffs, German P. 280,074, 1914; Chem. Aba., 1915, 9, 2318. 

*J. C. Bailey, British P. 14,875, 1894; J.S.C.I.. 1895, 14, 751. Cf. H. Doulton and J. Slater. 
British P. 15,041, 1894; J.S.C.I., 1895, 14, 752. M. L. Fosdick, Bull. Am. Ceram. Soe., 1928, 7, 
171; Chem. Aba., 1928, 22, 3271. 

“C. de Sant^, Bull. aoc. franc, phot., 1913, 4, 864; Chem. Aba., 1914 , 8, 1243. 
•For a description of lithographic printing, see Chapter 9. 
f A. L. de Rooij, British P. 485,260, 1988; Chem. Aba., 1938, 32, 8636. 
"C. F. Morse, U. S. P. 979,542, Dec. 27, 1910; J.S.C.I., 1911, 30, 141; Chem. Aba., 1911, 5. 1000. 
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is covered with collodion.® Hydrocarbon distillates have been suggested 
in some instances. Thus, a rhodamine lake dye was suspended in a 
vehicle containing paraffin wax and linseed oil, and the design printed on 
a paper base with this mixture.^® To effect transference, the print was 
placed in contact with the permanent base, and a hydrocarbon solvent 
for the dye {e.g., benzine) employed to wet the paper. Conveyance of 
designs from wall paper to cotton, wool or silk fabrics with solvents has 
been reported.One such composition contained water, castile soap, 
turpentine, cedarwood oil, ammonium hydroxide, sodium bicarbonate, 
borax, methyl alcohol, and dibromohydroxy-mercury-fluorescein. The 
paper was dipped in this mixture for 30-40 seconds, then dried in air. On 
placing the treated backing in contact with a textile material and apply¬ 
ing pressure, the design was said to be transposed completely to the textile. 
Also, a blend of olive, palm, or cottonseed oil with sodium or potassium 
hydroxide was stated to be effective as a transfer solvent for the same 
materials.some instances where the temporary backing has been 
coated successively with wax and Celluloid, and the design printed upon 
the latter, transference may be effected with a solvent.'® One proposed 
blend contained gelatin, sugar and acetic acid in water. By dipping the 
temporary base in this mixture, separation of the print from the backing 
was reported to take place between the wax and Celluloid. The latter 
containing the printed design, then was floated upon the permanent base. 

A method of transposing prints through chemical reaction has been 
suggested.'^ Pasteboard was coated with starch, and then dipped in a 
solution of citric or tartaric acid. Designs were printed in reverse with a 
transfer ink on the treated pasteboard. Transference was stated to be 
obtained by placing the temporary base in contact with the permanent 
backing and immersing the whole in aqueous sodium carbonate solution. 
Reaction between the citric or tartaric acid and sodium carbonate results 
in evolution of carbon dioxide. The latter was said to lift the print from 
the pasteboard. 

Molten sulphur has been ]iroposed as a transfer agent for pictures 
printed on paper backing,’’^ The picture was coated with molten sulphur, 
cooled, then soaked in water to remove the paper backing. In this way 
the picture was said to adhere to the sulphur slab. The back of the pic¬ 
ture then was treated successively with oil and an aqueous solution of 7 
parts gelatin and 1 part glycerol. The whole was heated to separate 
the sulphur slab from the gelatin-glycerol film. The latter, which was 

® J. F. McNutt, U. S. P. 1.996,549, April 2, 1935, to American Decal Corp.; Chem. Abs., 1935 , 29, 
3481. U. R. R<Ms.snp 19,839. J;ui 28, 19.36; Chem. 1936, 30, 1907. See .nlso British P. 354,266, 
1929, to Masa Ges. zur Hor.«itelluniJ Kiinstlirhor Oberfliichen; Chem. Abs., 1932, 26, 4190. 

^«A. Schubert, U. S. P. 1.843,737, Feb. 2, 1932, to Barrett and Co.; Chem. Abs., 1932 , 26, 1802. 
See also C. Glaser, British P. 283,571. 1927; Chem. Abs., 1928, 22, 4214. 

W. V. MacGilvra nnd T. M. MncGilvra, U. S. P, 1,652,949, Dec. 13, 1927; Chem. Abs., 1928, 
22, 875. 

12 H. J. Hurt, U. S. P. 1,629,165, May 17. 1927; Chem. Abs., 1927. 21, 2174. 
.T. Frachebourg, British P. 2,318, 1914; Chem. Abs., 1915, 9, 2001. Cf. L. Eriksen, British P. 

420.182, 1934; Chem. Abs., 1935 , 29, 3429. 
»<T. Sogawa, Japanese P. 31,451. 1917; Chem. Abs., 1918, 12, 86. 
«A. L. de Rooij, U. S. P. 960,707, June 7. 1910; Chvvi. Abs., 1910, 4, 2550. The process also is 

described in Diamant, 1912, 34, 509; Chem, Abs., 1912, 6, 2302. 
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stated to carry with it the picture, was pressed upon a permanent base 
which had been coated with an aqueous gelatin-glycerol solution. 

Preparation of Transfer Papers 

Temporary bases on which transfer designs are to be placed usually 
are treated with modifying agents before imprinting the designs. In this 
way, efficient transposition of the design to a permanent base can be 
brought about. Thus, in general, to minimize ink absorption, temporary 
transfer bases should be impermeable to the inks employed. Also, if 
transference is to be carried out with solvents (with or without external 
heating), a somewhat greater degree of contact between ink and solvent 
will be secured when the backing is wetted thoroughly by the solvent. 
Materials proposed for treating temporary transfer bases prior to print¬ 
ing include, among others, starch, gums, natural and synthetic resins, 
waxes and glycerol. 

A suggested method for preparing paper backing sheets involved 
coating the latter with a starch solution, followed by addition of dextrin 
thereon.^® The whole was covered, before it had set, with a sheet of 
preformed cellulosie material such as Cellophane, which received the 
print. It was stated that any tendency toward lumpiness on the part of 
the printed marking was thus precluded. Stacking of such transfer sheets 
often results in offsetting from a base to the back of the one beneath it. 
Embossing of the back of starch-dextrin treated slieets lias been proposed 
to overcome this difficulty,Also, chalk mixtures bonded to the back 
of the transfer base by adhesives were stated to be efYective in obviating 
offsetting.^® In some instances a solution of citric or tartaric acid has 
been added to a starch-treated transfer base."^^ After the latter had 
dried, the design was printed directly upon this surface. When litho¬ 
graphic processes are to be employed in printing transfer bases, it was 
stated that markings might be placed upon unsized paper that previously 
had been coated with starch and dextrin.-® Subsequently the whole was 
covered over with an alcoholic solution of sandarac, lac (shellac) and 
elemi gums. Because of the tendency of unsized paper to be affected by 
changes in temperature and humidity, sized paper has been utilized in 
making transfers.-^ The paper, after application of a “releasing liquid,^’ 
was overspread with successive layers of starch, dextrin and lacquer, the 
latter receiving the ink. The rclea.sing liquid consisted of a blend of an 
aqueous solution of sulphonated castor oil (10 per cent) and sodium 
lauryl, myristyl or stearyl sulphate (0.5-2.0 per cent). 

wj. MacLaurin, IT. S. P. 2.047,700, July 14. 1930; Chem. Ahn., 1936 . 30, 0096. 
H. Atwater, U. S. P. 2,007,630, .Tiilv 9, 193.5, to MoLaurin-Jones Co.; Chrm. Abu., 1935, 29, 5956. 

MJ. MacT^urin, IT. S. P. 2,007,404. .Tulv 9, 1935; Chem. Ahn.. 1935, 29, 5956. 
'•T. Sogawa, Japanese P. 31.451, 1917; Chem. .ihs.. 1918, 12, 86. 
»H. Courmont, British P. 317,970, 1928; Chrm. Abn., 1930, 24, 2258. 
«J. MacLaurin, U. S. P. 2,038.118, April 21. 1936; Chrm. Abft., 1936, 30, 3914. 
** “Releasing liquid" is n term employed to desigimie a base for receiving printed rnatter, which 

base later can be removed by treatment with a solvent, r. ft., water. 
® See Carlcton Ellis, “The Chemistry of Petroleum Derivatives," Vol. II, New York, Iloinhold 

Publishing Corp., 1937. 
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A blend reported to prevent penetration of transfer inks into paper 
bases has been suggested.^** A mixture of 12 parts dextrin and 2 parts 
starch, incorporated in boiling water, was combined with a composite of 
400 parts sodium carbonate and an equal amount of colophony in water. 
Two hundred parts egg albumin in water, 200 parts sulphur, 400 parts 
gum arabic, and 2000 parts glycerol were then added. Employment of 
gum arabic as a foundation for transfer inks has been stated to yield a 
compound suitable for carbon papers.-^ When sized paper is utilized as 
base, the transfer ink may be printed directly upon the former, and the 
design then coated with gum tragacanth or gum karaya.^® The latter 
substances were rej)ortcd to increase the fastness of colors on fabrics on 
transference. Gum-coated transfer bases printed with inks containing 
cellulose esters or ethers together with alcohol-soluble resins have been 
proposed.-^ Such inks were suggested for transferring designs to glass, 
wood or metal surfaces. Ingress of color blends containing amyl acetate, 
rosin, linseed oil, nitrocellulose and bronze powder into paper bases was 
said to be obviated by covering the surface of the paper with dextrin.-® 
Also, mixtures of dextrin and glycerol have been utilized in overspreading 
paper bases intended for transfer prints.-^ On the other hand, the 
glycerol-dextrin mixture may be aj^plied, together with pigment and a 
small proportion of gum, to the temporary base.®® In this manner, an 
alcohol-soluble ink that would not penetrate paper bases was stated to 
have been secured. 

In some instances bases for marking compounds have a tendency to 
curl on being stored. A method to overcome this disadvantage has been 
proposed.®^ The paper was coated with a mixture of 25 parts animal 
glue, 75 parts dextrin, 2 j^arts glucose and 1 part glycerol in water. AVhen 
the paper had dried, the adhesive was broken into segments by curling 
the paper. The latter was then covered with lacquer to fill up the cracks 
and to prevent closing up of the adhesive. In this way, a non-curling 
paper base was said to have been obtained. One lacquer employed was 
composed of nitrocellulose, dibutyl phthalate, gum dammar, ethyl and 
butyl acetate, ethyl alcohol and toluene. 

A surface film of gum arabic placed on unsized paper has been used 
as foundation for water-soluble marking blends.®- The base w'as stated 

G. Muzzioli, British P. 312,220, 1928: C/u m. .465., 1930, 24, 932. See also C. Eckert, German 
P. 271.746. 1913; Chein. Ahs^., 1914, 8, 2466. 

=« H. W. A. Dixon and R. S. Moore. U. S. P. 2,022,276, Nov. 26, 1935, to Columbia Ribbon and 
Carbon Mfu. Co.; Chem. Abs., 1936 , 30, 792. 

“H. 8. Sadtler, U. S. P, 1,797,997, March 24. 1931; Chrm. Ahs., 1931, 25, 2825. British P. 284,676, 
1927; Brit. Chem. Abs. B, 1929, 280; Chrm. Abs., 1928, 22, 4742. 

37 British P. 317,871, 1928, to I. G. Farbenind. A.-G.; Chem. Abs., 1930, 24, 2258; Brit. Chem. 
Abs. B, 1929, 863. 

«A. L. Clapp, U. S. P. 1,280,399, Oct. 1, 1918; Chem. Abs., 1918, 12, 2687. 
»C. G. Schmidt, German P. 255,192. 1912; Chem. Abs., 1913, 7, 1972. 
•““P. Yohna, U. S. P. 1,849,996, March 15, 1932, to Butterick Publishing Co.; Brit. Chem. Abs. B, 

1933, 188; Chem. Abs., 1932, 26, 2876. 
»iF. W. Iluinphner, U. S. P. 1,965,289, July 3, 1934, to Mid-States Gimimwl Paper Co.; Chem. 

Abs., 1934 , 28, 5614. 
MW. S. Lawrence, U. S. P. 1,799,754. April 7, 1931, to Kaumagraph Co.; Chem. .Abs., 1931, 25, 

3139. C/. J. S. Tidmus, British P. 414,205. 1934, to International Latex Processes Ltd.; Chem. Abs., 
1985, 29, 258; Brit. Chem. Aba. B, 1934, 933. 
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to be permeable to steam utilized as transference agent. Printing on such 
bases may be effected by silk-screen or lithographic processes, using a 
lithographic ink admixed with a hard gum varnish and benzine (thin¬ 
ner) A small proportion of kaolin or bauxite is sprinkled on the printed 
surface while the latter is still tacky. A coating of gum arabic then is 
placed over the whole print. The kaolin or bauxite was stated to aid in 
securing the outer coating of gum arabic to the print. It has been pointed 
out that the gum film may be applied during paper-manufacturing.^^ 
Thus, gum may be spread on one side of the paper while the latter is on 
drying rolls, and before the calendering operation has been started. On 
the other hand gum may be incorporated with the ink before the transfer 
is placed on the temporary base-'^'^ Gum dammar, paraffin and spermaceti 
waxes were admixed with ink before printing. After application to the 
transfer paper, the design was coated with an alcoholic solution of pine 
resin. 

In transference operations involving employment of heat and steam, 
fusible water-soluble transfers may be utilized.'^^ For example, sized 
paper was coated with a mixture of albumin, gum mastic, dextrin, starcli, 
rosin and sodium hydroxide in water. The composite was reported to be 
fusible and soluble under combined action of heat and steam, and to form 
emulsions with certain types of marking compounds. A suggested ink 
for printing on such bases comprises a litliographic ink which has been 
admixed with carnauba wax, tallow and gum elemi. 

Dopes containing carbon black, carnauba wax and petroleum jelly 
have been employed for carbon paper. However, it was stated that this 
blend caused transfer bases to become somewhat hard and brittle, result¬ 
ing in cracking of the base.^® Treatment of the latter (prior to inking) 
with a solution of gutta pcrcha in carbon tetrachloride was said to bring 
about increased flexibility and longer effective life. 

Because of the warping action of water upon veneer wood, transfers 
for the latter are usually prepared from water-insoluble materials.’*^® For 
example, backing paper was overspread with three coatings of water- 
resistant material and the center film, which was insoluble in solvents 
for the outer coverings, carried the transfer design. The ink-carrying 
lacquer comprised gum sandarac and rosin in alcohol, and the outer 
and inner films were a blend of Cumar and dibutyl phthalate in ethyl 
acetate, ethylene glycol, butyl ether, and a petroleum distillate boiling 
in the range 99-116° C. 

Cellulose derivatives are used as paper-backing films for some types 

A. G. Mfitthewfl, S. C, Prior and N. V. Gray, P. 487,789, 1938; Chrm. Aha., 1939, 33, 
288; Rrit. Chrm. Ahs. B. 1939, 178. 

MacLaurin, U. S. P, 2,036,422. April 7, 1936; Chem. Abt., 1936, 30, 3644. 
»«A. G. Chapila, Biitigh P. 386,583, 1933; Chem. Ab$., 1933 , 27, 5994. 
»»8. J. Cox, U.S. P. 1,820,559, Aug. 25, 1931, to Colorfuse Ltd.; Chein. Ahn., 1931, 25, 5778. 

See Cliaptrr 9. 

»»8. A. Nridich, U. S. P. 1,800.560, April 14, 1931, to Neidich Procew Co.; Chem. Abs., 1931, 25, 
3449. CJ. J. A. L. Mdller, U. 8. P. 1,544.875, July 7, 1925; Chem. Abt., 1925, 19, 2745. 

*>L. Davis, U. S. P. 2,023,803, Dec. 10, 1935, to McLaurin-Jones Co.; Chem. Aba., 1936, 30, 792; 
Brit. Chem. Aba. B, 1936, 982. 
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of transfers. With ceramic transfers, when the ware is fired after the 
transference operation, plastic materials that will burn away have been 
proposed.^^^ In this manner the transfer can be placed upon the final 
backing without removing the temporary base, since the latter will burn 
away during firing of the ware. In one instance paper was coated with 
collodion on which the design was printed with partially fused pigments. 
Or the marking may be placed upon a collodion film, with a clear varnish, 
and a charge of dry colors then blown or brushed on the outlined figures.'*^ 
Also, nitrocellulose films may form a permanent part of the transfer. 
Thus, gummed paper was overspread with a nitrocellulose film, and the 
transfer printed thereonThe whole was covered with a composite of 
varnish, linseed oil, zinc oxide and lithopone. This coating mixture was 
stated to be inert toward the nitrocellulose film and ink, and to furnish 
an opaque background for the design on transference. Cellulose-base 
lacquers were reported to be applicable as supporting films for inks con¬ 
taining aluminum.^^ A stated advantage of such films was that they 
afforded protection to the transfer against weathering effects, and at the 
same time were clear enough to completely expose the transfer design 
to view. When aluminum or bronze powders were employed in transfers, 
it was suggested the design be placed upon a nitrocellulose film with var¬ 
nish, and the i)owder blown or brushed on the latter.^^ The whole was 
coated with a second layer of nitrocellulose lacquer on which the design 
was printed in ink. To furnish an opaque background for the marking, 
white ink was placed over the second film. A third nitrocellulose film 
was added, and a gummed adhesive incorporated in the outside film. 

To increase drying rates of transfer inks printed by intaglio processes, 
incorporation of a drier in the film which receives the print has been 
proposed.'*^ The paper first was covered with a water-soluble coating 
containing gelatin, gum arabic and glycerol. Subsequently a film of 
w^atcr-insolublc material was incorporated, consisting of nitrocellulose, 
tricresyl phosphate, linseed oil, cobalt linoleate, talc and gum elemi, the 
whole being dispersed in a blend of toluene, butyl and ethyl acetates. 
The latter film was reported to receive ink readily, so that high-speed 
offset printing could be employed in preparing transfers.'^® Also, the 
cobalt drier contained in the water-insoluble film was stated to aid in 
drying of the ink and thus to minimize sticking of the transfers when 
stacked. 

L. AUon, Britisli P. 399,922, 1933, to .Tohnson, Mntthcy A Co., Chem. Ah.^., 1934. 28, 1831; 
Brit. Chetn. Ahs. B, 1934, 97. Cf. E. R. Box ami F. E. Korridge, Bntisli P. 471,219, 1936, to John¬ 
son, Matthcy A Co., Ltd.; Brit. Chem. Ahs. B, 1938, 411. 

J. F. McNutt, U. S. P. 1,996.549, April 2, 1935, to American Dccal Corp. : Chem. .!/>,<., 1935, 
29, 3481. U. S. Reissue 19 , 839, Jan. 28, 1936; Chem. Ahs., 1936 , 30, 1907. 

«A. J. Laws, U.S. P, 1.780,021. Oct. 28, 1930; Chem. Abs., 1931, 25, 178. 

F. A. Edghill, U. S. P. 1,900,048, March 7, 1933, to Ravner Decal com a nia Co.; Chem. Ahs., 19.33, 
27, 3048. 

**'W. Hepp, U. S. P. 1,968,394, July 31, 1934, to Palm Bros. Decalcomania Co.; Chem. Ahs., 1934. 
28, 5943; Rev. Paint, Colour, Varnish, 1934, 7, 426. 

A. B. Poschel, U. S. P. 1,811,804, June 23, 1931, to Decorative Development, Inc.; Ch<m. Ahs., 
1931, 25, 5027. 

Offset printing processes are described in Chapter 1 and Chapter 9, 
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In some instances, cellulose ester films are applied to transfer bases 
together with the printing ink and not as a separate operation.^^ For 
example, a transfer ink was admixed with a solution of nitrocellulose and 
castor oil in ethyl and butyl acetate, benzol and ethyl alcohol. The 
design was printed with this material on gummed paper, and the whole 
covered with a water-insoluble adhesive. Employment of cellulose esters 
as coatings for transfer markings has been proposed. When designs are 
to be pressed finally on glass bases, cellulose lacquers have been utilized 
as adhesives.**® To secure a sticky adhesive, some castor oil plasticizer 
may be added to the lacquer. A ratio of oil to nitrocellulose of 2-2.5:1 
has been proposed. 

Application of cellulose films to the reverse side of transfer bases was 
said to avoid the possibility of offsetting on stacking of the latter.'*^ 
Also, addition of a small proportion of aluminum powder to the inked 
portion of the print was stated to aid in prevention of offsetting from one 
temporary base to the one beneath it. 

Certain types of waxes have been employed in treating temporary 
transfer bases prior to printing of the design. In the preparation of a 
pressure-transfer a sheet of transparent paper was coated with paraffin 
wax, and the pattern placed on the wax with ink containing a non-drying 
oil.®® Also, foundation materials may include rosin together with wax.®* 
The latter were reported to be applicable with marking blends of bronze 
and nitrocellulose in a volatile solvent. After printing, the ink and base 
may be overspread with a layer of wax and rosin in which a gum or glue 
sizing has been admixed. The rosin may be substituted by paracouma- 
rone.®2 For example, a composite of Chinese insect wax and paracouma- 
rone was used to coat glassine paper, and a design placed thereon with a 
nitrocellulose-metallic powder marking compound. Shellac sizing sub¬ 
sequently was added to the print. Instead of printing the design on a 
wax coating, the pattern may be stamped out from a cellulose ester film, 
attached to the wax surface, and a coating of gum dammar applied as 
adhesive.®® 

Albumin and similar substances have been suggested as components 
of transfer prints. Thus, paper backing intended as a temporary base 
for inks was impregnated with an admixture of albumin, a water-soluble 
gum, calcium chloride and glycerol.®** The admixture was reported to 
be efficient in preventing penetration of soap- and wax-containing inks 

«T. 8. Reese, U. S. P. 1,627,407, May 3, 1927, to Di-Noc Manufacturing Co. ; Chem. Abs., 1927, 
21, 2174. 

«0. W. Pendergast, U. 8. P. 2,046,924, July 7, 1936; Chem. Ahs., 1936, 30, 6096. U. 8. P. 2,046,925, 
July 7, 1936; Brit. Chem. Aba. B, 1937, 1248; Chem. Ahs., 1936, 30, 6096. 

‘•L. C. Antrim, U. S. P. 1,975,057, Sept. 25, 1934, to Autographic Register Co.; Chem. Ahs., 
1934, 28, 7534. Canadian P. 354,229, 1935; Chem. Ahs., 1938, 30, 1907; Itcv. Paint, Colour, Varnish, 
1936, 9, 170. 

S. E. Wade, British P. 312,004, 1928, to Wade Tianafer Co. Proprielaiy, Ltd.; Chem. Ahs., 1930, 
24, 933. 

MW. F. Gnipe, U. S. P. 1,827,088, May 3, 1927; Chem. Ahs., 1027, 21, 2174. 
“C. P. Olson, U.S.P. 1,578,203, March 23, 1926, to K. E. Olson & Son, Inc.; Chem. Ahs., 1926, 

20, 1697. 
ME. Hentschel, British P. 331,761, 1928; BnU Chem. Ahs. B, 1930, 1047; Chem. Ahs., 1931, 25, 178. 
MR. Homburg, German P. 282,953, 1918; Chem. Ahs., 1915, 9, 2439. 
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into the paper base. Addition of ammonium or sodium alginate to 
starch and dextrin was stated to furnish a product applicable for treating 
glassine paper prior to printing.''"^ Such coatings were said to aid in 
securing smooth ink impressions on the transfer base. 

Impregnation of paper backings with gelatin has been advocated. 
For example, a temporary paper base was coated with gelatin, and a layer 
of paraffin wax then added.^^ Such procedures were said to close the 
pores and smooth over the uneven portions of the paper. The whole then 
was covered with a film of nitrocellulose on which the design was placed. 
On the other hand, the wax may be omitted, and the pattern printed 
directly on the gelatin layer, which subsequently is treated with a cellu¬ 
lose lacqucr.^^ Other materials may be included in gelatin coatings. 
Thus, an aqueous solution of gelatin, potassium alum, potassium dichro¬ 
mate and glycerin has been proposed.^® Application of this composite 
to paper was reported to make the base impermeable to wax. The latter 
was utilized, together with gum thus and shellac, in preparation of a film 
to carry the inked design. 

In addition to the substances previously described, materials such as 
glycerin, phenol, drying oils and sodium silicate have been used in treat¬ 
ing temporary bases.^^ Wlien transfer inks comprising rosin, shellac and 
bronze powder were employed, the paper was treated with glycerol prior 
to printing.^^ With this method a smooth paper, impervious to the mark¬ 
ing compound, was stated to have been secured. A composition said to 
minimize ink absorption has been synthesized from phenol, neat’s foot 
oil, toluene and kerosene. Phenol also was said to accelerate transfer¬ 
ence of the superposed ink upon application of heat and pressure. Tem¬ 
porary backings that were smooth and flexible at 240° F. have been 
reported.^- In one instance, rag paper was impregnated with China AVood 
oil, and the whole oversiiread with beeswax. The design was placed on 
the wax with metallic particles, and sizing placed over the pattern. 

In some instances carbon papers are desired that will transfer impres¬ 
sions from certain portions of the paper, the remainder of the sheet being 
non-transferable.***'^ It was pointed out that this effect could be accom¬ 
plished by coating the entire sheet with a transfer ink, and then covering 
with non-transferable ink the areas where transference was not wanted. 

“ Alginic acid is obtained from algin, a nitrogenous substance present in seaweed. Algin is some¬ 
what similar in composition to albumin. 

MJ. Mnebaurin, U. S. P. 2,047,978, July 21, 1936; Brit. Chem. Abs. B, 1937, 1324; Chem. Abs., 
1936, 30, 6006. 

M J. Frachebourg, British P. 2,318, 1914; Chem. Abs., 1915, 9, 2001. Cf. R. TuU, U. S. P. 1.618,612, 
Feb. 22, 1927, to Western Lithogr.Mphic Co.; Chem. Abs., 1927, 21, 1169. 

“French P. 790,352, 1935, to Tiansflex Ltd.; Chem. Zentr., 1036, 107 (1), 2225; licv. Paint, Colour, 
Varni.sh, 1936, 9, 93. 

“C. A. McKerrow, U. S. P. 1,030,908, July 2, 1912, to J. IL Gillett & Sons, Ltd.; Chem. Abs., 
1912, 6, 2676. 

“For use of sodium silicate, see W. F. Clark, U. S. P. 894,815, Aug. 4, 1908; Chem. Abs., 1908, 
2 3290. 

A. L. Clapp, U. S. P. 1,398,770, Nov. 29. 1921; Chem. Abs., 1922, 16, 831. 
“W. F. Grupe, U. S. P. 1,710,309, April 23, 1929, to Peerless Roll Leaf Co., Inc.; Chem. Abs., 

1929, 23, 2794. St'e also C. Campbell. U. S. P. 1,578.952, March 30. 1926; Chem. .Abs., 1926, 20, 1697 ; 
“A. W. Met7.ner and J. E. Frey, U. S. P. 2,035,768, March 31, 1936, to J. Q. Sherman; Chem, 

Abs., 1986, 30, 8645. 



320 PRINTING INKS 

The tendency of inks (used in making multicolored transfers) to run 
into one another was stated to have been prevented by coating each print 
with a layer of transparent varnish.**^ Admixtures of shellac, sandarac 
and zapon lac have been proposed for this purpose. 

Preparation of Permanent Backings 

Transposition of transfer prints from temporary bases to permanent 
backings of cotton, linen, wool or silk fabrics and of leather usually is 
carried out without special prior treatment of the final base. In some 
instances, when wood, metal, glass or cellulose ester surfaces are intended 
as permanent bases, these materials undergo a predisposing process. 

Wood surfaces on which transfers are to be placed, with the aid of 
heat and pressure, may be coated with a cellulose ester lacquer.^^ Trans¬ 
fers blended from oil-free pigments in cellulose esters then may be applied 
at temperatures between 40 and 200"" C. and a pressure of 200 kilograms 
per square centimeter. When heat is not necessary in transposing designs 
from temporary to permanent wood bases, it is suggested that the latter 
be smoothed by compression under hcat.^'^ Subsequently a thin layer of 
paste containing zinc oxide, a gum and turpentine is placed on the surface 
of the wood and allowed to dry. Pressure-transfers then are applied. 
By coating wood surfaces with an enamel whose color was complementary 
to those of the design, one less pigment was said to have been required 
in the ink.®^ The enamel was permitted to dry until it became tacky, 
and the design was then transposed from the temporary base. 

Ammonia has been reported as an aid in obtaining permanent trans¬ 
fers on glass.®* In one instance, the glass was overspread with an acpieous 
solution of ammonium sulphocyanide, ammonium sulphate, glycerol and 
hydrogen chloride. The temporary transfer contained a small proportion 
of sodium hydroxide. The latter was said to interact with tlic ammonium 
salts to form ammonia. 

Cellulose acetate compositions have been suggested as permanent 
bases for transfer designs.®® The bases were overspread with a pigmented 
cellulose ester lacquer before transposition was effected. The latter 
process was carried out with heat and pressure. 

Heat Transfer Inks 

Indelible Inks. In marking fabrics, such as cotton, wool and silks, 
with transfer patterns, the properties of the inks employed must often 

WF. Schmid. British P. 257,940, 1925; Brit. Chem. Aba. B, 1927, 461; Chem. Aba., 1927 , 21, 3110. 

«J. Werner, U. 8. P. 1,897,875, Feb. 14, 1933; Brit. Chem. Aba. B, 1933, 1020; Chem. Aba., 1933, 
27, 2830. 

«J. Werner, British P. 303,836. 1929, to F. Schlobach, G. m. b. H.; Chem. Aba., 1929, 23, 4543; 
Brit. Chem. Aba. B, 1930, 61. 

«T. 8, Reese, IJ. S. P. 1,998,638, April 23, 1935; Brit. Chem. Aha. B, 1936 , 589; Chem. Aba., 1935, 
29, 3754. Cf. A. Nefgen, British P. 29,889, 1913; Chem. Aba., 1915, 9, 1696. 

«H. Reinknecht, U. 8. P. 1,583,997, May 11, 1926, to M. Deghenghi; Chem. Aba., 1926, 20, 2052. 
British P. 408,485, 1934, to Romo Soci^t^ d’inventions dans les arts plastiques; Chem. Aba., 

1934, 28, 5667. 
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be such that they will not be affected by subsequent treatment of the 
fabric with water or alkaline washing fluids. The coloring matter, and 
vehicle, if the latter is to remain in the fabric after the transference 
operation, therefore should be water- and alkali-resistant. 

In the preparation of fusible vehicles for inks, materials which are 
solid at temperatures below 100° F. but flow^able at somewhat higher 
temperatures, e.g,^ under a warm or hot iron, are commonly employed. 
Included in this class are some natural and synthetic resins, waxes, 
asphalts, pitches and gums. 

Shellac, a natural resin, has been suggested as a fusible vehicle for 
transfer inks.*^^ In one instance 16 parts of shellac were warmed and 
admixed with 3 parts of pow^dered bronze, aluminum or silver.’^^ When 
the composite was homogeneous, it was allowed to cool and then ground 
into a powder. The latter was incorporated into copying inks (such as 
those formed from glycerol, dextrin, and aniline dyes) to furnish a mate¬ 
rial for marking fabrics. Instead of shellac, mixtures of this substance 
with rosin have been proposed.'^*-^ Equal parts of shellac and rosin were 
heated with 5 per cent by weight of tritolyl phosphate plasticizer and a 
small proportion of a heavy lithographic varnish.Titanium dioxide w^as 
added as pigment, the quantity of the latter being approximately 10 per 
cent by weight of the total mixture. Substitution of butyl tartrate as 
plasticizing agent for shcllac-rosin vehicles was reported to provide an 
ink carrier which could be employed in marking leather articles.""* Inks 
prepared in this w’ay were stated to be unaffected by the stuffing greases 
in leather and, hence, non-smeary.'^^ By changing the shcllac-rosin ratio, 
the [)ropertics of the resulting inks have been varied somewhat. For 
example, marking compounds prepared from 5 parts rosin, 1 part shellac 
and 5 parts powdered bronze wxre said to furnish smooth impressions 
with low ink consumption wiien printed on glycerol-treated transfer 
paper.^** When final transposition to porous bases is desired, transfers 
comprising equal parts of tallow* and rosin have been employed."" Small 
l^roportions of w’ax and glucose w*cre incorporated, and the whole admixed 
with a pigment. In place of glucose, castor or linseed oil and benzyl 
alcohol have been proposed."^ After adjunction of pigment, a drier of 
manganese and lead acetates was added to the marking compound. In 

For a discussion of the propeilios of sliellac, sec Carleton Ellis, “Tlio Chemistry of Synthetic 
Rosins,” Reinhold Publisliing Corp., New York, 1^5. 

7* H. S. Sadtier. U. S. P. 1,590,848, June 29, 1926; Chem. Abs., 1926, 20, 3091. 
Solomon, U. S. P. 2,029,204, Jan. 28, 1936, to B. Brier; C/icm. Abs., 1936 , 30, 2028; Brit. Chem. 

Abti. B, 1937, 169; Rev. Paint, Colour, Varnish, 1936, 9, 194. 
For properties of lithographic varnishes see Chapter 3. 
W. S. Lawrence and F. W. Barker, Jr., U. S. P. 1,545,836, July 14, 1925, to Kaumagraph Co.; 

Chem. Abs., 1925, 19, 2881. 
™ The process of adding oils and greases to leather to increase the softness, pliability and tensile 

strength of the latter is known as stuffing. See J. A. Wilson, “The Chemistry of Leather Manufac¬ 
ture,^ New York, The Chemical Catalog Co., Inc. (Reinhold Publishing Corp.), 1923. 

WA. L. Clapp, U. 8. P. 1,398,770. Nov. 29, 1921; Chem. Abs., 1922, 16, 831. 
•"C. A. Colombo, U. 8. P. 1,900,635, March 7, 1933; Chem. Abs., 1933, 27, 3048. A. Steffenini, 

British P. 369,762, 1932; Chem. Abs., 1933 , 27, 3627. Both patents assigned to Societii italiana trans¬ 
fers Albini, S. I. T. A. 

w H. E. Peace, British P. 430,861, 193^ Chem. Abs., 1935, 29, 7678. See also A. G. Chapela, Brit- 
ish P. 386,583, 1933; Chem. Abs., 1933, 37, 5994. 
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some instances turpentine has been utilized as vehicle for rosin-wax inks 
Thus, the pigment may be dispersed in a vehicle of 350 parts wax and 400 
parts rosin in 1000 parts of turpentine. Transfer inks blended from rosin, 
linseed oil, nitrocellulose, amyl acetate and bronze powder have been 
stated to be applicable where embossed effects are desired.^® 

Utilization of mixtures of waxes and natural resins is limited to some 
extent by the melting point of the mixture. If the latter flows too easily 
at relatively low teini)eratures, bleeding may result during storage of the 
temporary transfer or on transposition to the permanent base. On the 
other hand, too high a melting point may make necessary the application 
of excessive heat to effect transference. In some instances the final back¬ 
ing, particularly one of fabric, may be scorched. 

The effect of a number of natural resins upon the melting points of 
various waxes has been studied.^^ The melting points of the individual 
waxes and resins were determined, and the combining temperatures, loss 
in weight on mixing,”- and melting points of 1:1 blends of the two com¬ 
ponents were secured. The data obtained, as indicated in Tables 31 and 32, 
show that most of the resins employed caused an increase in melting point 
of the wax. An apparent exception to this generalization was elemi, 
which was stated to lower the melting point of some of the waxes used. 
Also, this resin was said to act as a plasticizer for the wax. 

Table 32.—Meriting Points of Natural Resins and Waxes. 

Resin 
Melting Point 

C c.) 
Batavia dainiuar A 99-102 
Batavia dammar B 96-100 
Singapore dammar No. 2 114 
Bold black scraped East India 160-164 
Batu scraped 169 
Pale East India Maca.s.<ar Bold 127-156 
Pale East India Singapore Bold 147-156 
Manila MA 121 
Loba C ^ 114-123 
Congo No. 4 178 
Congo No. 11 193-200 
Kauri pale No. 1 128 
Run brown kauri No. 2 120-130 
Elemi Plastic 

Wax 

Beeswax (pure crude) 61.5 
Carnauba (No. 1 yellow) 80 
Japan (Chickusan) 43 
Montan 68 
Ozokerite (natural yellow) 49 
Paraffin 49 

T»G. B. Bottino, TI. S. P. 1,530.926, Marrh 24. 1925: Chrm. Aba., 1925. 19, 1784. Cf. A. W. HnninR- 
ton, A. Roaenstcin and R. A. Southward, U. S. P. 1,063,791, June 3, 1913; Chem. Abs., 1913, 7, 2486. 

MA. L. Clapp, U. S. P. 1,280.399, 0<t. 1. 1918; Chem, Abs., 1918, 12, 2687. C/. K. Wolf, German 
P. 262,998, 1911; C/tem. Abs., 1913, 7, 1591. 

“ R. W. Allen, Chem. Industries, 1938, 42, 507; Chern. A6s., 1938, 32, 6082. 

“ Because of the relatively high mixing temperatures required to achieve homogeneity, apparently 
a portion of the components was volatilized. 
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Synthetic resins from which fusible transfer compositions have been 
prepared include coumarone, indene, urea-formaldehyde and phenol- 
formaldehyde resins.'"*** These substances have been used alone or in con¬ 
junction with drying or non-drying oils in the formulation of pigment 
vehicles. Coumarone resin, linseed oil and carbon black has been sug¬ 
gested as an indelible admixture for marking fabrics.^^ The ink was 
reported to be non-fusible below 100*^ C. and non-saponifiable, so that 
it would not be affected by boiling water or alkaline washing fluids. In 
some cases, the linseed oil may be omitted and the pigment incorporated 
directly into the melted resin. Plasticizing agents may also be incor¬ 
porated. Thus, compositions containing 100 parts of paracoumarone, an 
equal quantity of a plasticizing agent, e.g.y dibutyl or diamyl phthalate, 
butyl stearate, triphenyl, tritolyl or tricresyl phosphate or triacetin 
(glycerol triacetate), and 2.5 parts of cobalt linoleate were suggested as 
carriers for a pigment.®^ When powdered bronze is used as pigment, a 
modifying agent consisting of a mixture of drying oil (boiled linseed oil) 
and non-drying oil (mineral oil) together with a small proportion (2.5 per 
cent by weight) of a metal drier may be added to the coumarone resin.^® 
The mineral oil was stated to increase the fluidity of the ink during trans¬ 
ference operations. After the latter operation was completed, oxidation 
of the drying oil was said to furnish a skin over the pigment, thereby 
retarding tarnishing of the bronze. In place of linseed oil, a mixture of a 
non-drying and semi-drying oil has been suggested.^^ Mixtures of blown 
castor oil with blown rapeseed oil were stated to furnish a composition 
that was light yellow in color, and about as viscous as molasses. In pre¬ 
paring ink for marking cotton, silk or wool fabrics, 65 parts of the com¬ 
bined oils were stirred into 100 parts of melted paracoumarone together 
wdth pigment and a small proportion of mineral oil. The finished ink was 
said to be sufficiently fluid to permit securing smooth impressions on 
transfer paper. After several weeks, slow oxidation of the semi-drying 
oil caused setting of the ink to a solid, flexible composition reported to 
be transferable by fusion. In some instances cellulose derivatives were 
employed instead of drying or semi-drying oils.®^ Thus, ethyl or benzyl 
cellulose was admixed, in solution, with a plasticizing agent tritolyl 
phosphate), paracoumarone, blown ca.stor oil and pigment. The composi¬ 
tion then w’as printed upon a base, and the solvent allowed to evaporate. 
In this way a solid, fusible pattern w^as said to be secured. Also, cellulose 

** See Carleton Ellis, “The Chemistry of Synthetic Resins,” New York, Reinhold Publishing 
Corp., 1935. 

« H. 8. Sadtler, U. S. P. 1,542,965, June 23, 1925; Chem. Abs., 1925, 19, 2419. 

»A. Schneider. U. S. P. 1,922,016, Feb. 19, 1935; Brit. Chem. Abn. B, 1936, 109; Chem. Abs.. 1935, 
29, 2375; Rev. Paint, Colour, Vamith, 1935, 8, 209. 

*• T. Marston and W. 8. Lawrence, U. 8. P. 1,511,816, Oct. 14, 1924, to Kaunmgraph Co.; Chem. 
Abi., 1925, 19, 185. 

w W. 8. Lawrence, U. 8. P. 1,545,837, July 14, 1925, to Kaunmgraph Co.; Chem. Abs,, 1925, 19, 2881. 
»W. 8. Lawrence, U. 8. P. 1,899,420, Feb. 28, 1933, to Kaumagraph Co.; Chem. Abs., 1933, 27, 

3048; Brit. Chem. Abs. B, 1933, 1051. British P. 338,611, 1929; Brit. Chem. Abs. B, 1031, 127; Chem. 
Abs., 1931, ^ 2533. Cf. German P. 6^,6M, 1935, to Chemische Fabrik Halle-Ammendorf Qebr. 
Hartmann; Chem. Zentr., 1936, 107 (1), 6023; Rev. Paint, Colour, Varnish, 1936, 9, 242. 
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acetate has been utilized in fusible transfer inks The cellulose deriva¬ 
tive is stirred into a vehicle of acid butyl tartrate. Small proportions of 
paracoumaronc resin and Venice turpentine may be added to the mixture 
to form a solid fusible ink. 

Molding compositions of the urea-formaldehyde type have been incor¬ 
porated into aliphatic or aromatic alcohols to furnish vehicles for transfer 
inks.®® Blown castor oil and pigment may be added to the resin solution 
before the pattern is placed upon a paper base. 

In imprinting upon fabrics designs intended to be permanent, efforts 
have been made to include in the pigment vehicles substances that will 
penetrate the pores of the fabric so that the color may be distributed 
through the marked material. Waxes such as beeswax, carnauba, 
ozokerite, paraffin, ceresin and montan are said to be particularly efficient 
for this purpose. The waxes may be employed alone or in conjunction 
with natural or synthetic resins. 

One proposed ink included a natural resin such as rosin together with 
beeswax.®^ For marking designs, 9-15 parts of the resin and 1-7 parts 
of beeswax were admixed, and 3-10 parts of pigment, 0.25-0.75 part of 
turpentine, 0.25-2 i)arts of lithographic varnish and 1 part of gum elemi 
were incorporated. The gum and turpentine acted as plasticizing agents 
for the ink, preventing flaking of the latter after transference. Addition 
of soap to a mixture of drying oil, paraffin wax, and a resin has been 
utilized.®~ Such vehicles are described as being resistant to water but 
not to alkali solutions. Paraffin wax and spermaceti have been suggested 
as components of pigment v(‘hicles.®’^ In this instance rosin and a plas¬ 
ticizing agent such as gum dammar may be added. In other instances, 
inclusion of turpentine in such blends has been proposed.®* To achieve 
an embossed effect upon the marked fabric, a vehicle containing 16 parts 
of Cumar gum, 4 parts of rosin and 4 parts of carnauba wax has been 
utilized.®^ To prevent the finished ink from flaking, adjunction of 2 parts 
of stearic acid to the vehicle was recommended. The pigment consisted 
of ultramarine blue ink and a paste of Titanox®® in lithographic varnish. 
As vehicle for pigments, cetyl alcohol has been proposed.®^ A mixture 
of carnauba wax and sesame oil was blended with the pigment and alcohol 

before printing. 

«»W. S T.awrenc«>, l^ S. P. 1 596,54:), Auk. 17, 1926, to KaumaKiaph Co.; Chan. Ah»., 1926. 
20, 3349. 

French P. 774,431. 1934, to Briti.sh Cvnnide? Co. Ltd. and H. E. Peace & Co. Ltd. ; Chan. .\bs., 
1935, 29, 2266; Fn\ Paint, Colour, Vamisfh, 1935 . 8, 208. 

otT. Mnrston and 1. F. B. Hutton. F. S. P. 1.524.874. Feb. 3. 1925. ’ 
Ahs., 1925, 19, 1061. Cf. Mur./.ioli, British P. 312,220, 1928; Chan. 1930 , 24, 932. 

Sakniri and M. Fehivoma, Japanese P. 111.522. 1935, to NiR.shin Seihun K. K.; Chan. Ahs., 
1936, 30, 2411; Rrv. Paint, Colour, Varnish, 1936, 9, 170. 

I R Bnrreras French P. 738,921. 1932; Chrm. Ahs., 1933. 27, 20.50: Rrv. Paint, Colour, Varnish, 
1933. 6, 198. C/. IL Barth. German P. 293.251, 1915; Chan. Ahs., 1917, 11, 2605. 

Britisli P. 212,945, 1923. to Socicta anon, arti Krafiche e decorative; Chrm. Abs., 1924. 18, 2258. 

"■ O. T.. Davis. F. S. P. 1.688,117, Oct. 16, 1928, to .Joseph Walker Ct).; Chem. Abs., 1929, 23, 249. 
‘••Titanox de.siKnatea pigments containing titanium <lioxido admixed with precipitatcnl barium oi 

e;dcmm .sulphate. 
•I German P 600,238, 1934. to Unichem Chemikalien Handels A.-G. ; Chrm. Abs., 1934 , 28, 6538. 

French P. 744,832, 1933; Chrm. Abs., 1933 , 27, 4360. 
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Embossed effects may be produced if a drying oil is present in the 
pigment carrier. When the transfer is placed on a paper base, the outside 
portion of the ink will be oxidized, forming a skin; on transference, the 
latter prevents the ink from penetrating the fabric. One such composi¬ 
tion comprises 100 parts paracoumarone, 12 parts ozokerite wax, 20 parts 
blown rapeseed oil, 12 parts No. 6 lithographic varnish, 5 parts butyl ether 
of diethylene glycol and 2 parts cobalt drier.®® The paracoumarone may 
be replaced by a product resulting from the condensation of phenol and 
formaldehyde in the presence of rosin. The latter was melted at 100° C. 
and 30 per cent by weight of beeswax incorporated. Blown rapeseed or 
linseed oil (20 per cent by weight) was stirred in and pigment added.®® 
On printing on a transfer base, the ink was said to be sufficiently hardened 
and cooled by oxidation so that the base could be rolled into spiral form 
immediately after printing without danger of bleeding. When a smooth 
rather than an embossed surface was desired, a non-drying oil such as 
castor was substituted for linseed oil.^®® Resin-wax vehicles were stated 
to become somewhat more fluid when petroleum jcdly equal to the com¬ 
bined resin-wax content and a small proportion (6 ])er cent by weight) 
of sesame oil were iised.^®^ 

An ink whieh can be applied in the form of an emulsion to the transfer 
base has been suggested.^®- A composite of ozokerite, carnauba wax, 
stearic acid, and a paraffin wax resin was melted at 65° C. and admixed 
with turpentine. To this was added a warmed aqueous solution of gum 
tragacanth and triethanolamine. The product, a suspension of wax in an 
aqueous solution of gum tragacanth, was incorporated in an aqueous 
solution of dye at the above temperature to furnish a marking blend. 

Materials such as asphalt and stearin pitch have been employed in 
the preparation of transfer inks. Among the reported advantages of these 
substances are low pigment consumption and a low gradient of viscosity 
change on heating.’®^ The latter property permits a transference to 
be made at high temperatures so that deep penetration of the ink into 
the fabric is secured. In one instance 200 parts of an aqueous emulsion 
of bentonite and asphalt (containing 120 parts of the latter), and 20 
parts each of paracoumarone, ozokerite and carbon black were heated, 
with stirring, until most of the water was removed. The resulting ink 

«W. S. Lawrence, U. S. P. 1.954,450, April 10. 1034. to KiiMmnKr.'iph Co.: Chem. Abn., 1934, 28, 
3911; Rev. Paint, Colour, Vamish, 1935 , 8, 109; Brit. Chem. Ahn, B, 1935, 110. 

W’W. S. Lawrence. U. S. P 1,977.680, Ort. 23. 1934, to Kamnaffrnph Co.: Hnf. Chew. Ahs. B, 1935, 
944; Chem. Ahtt., 1935, 29, 258. British P. 331,135, 1929; Chem. Abn., 1930, 24, 6040; Brit. Chem. 
Abs. B, 1930, 827. 

30® W. S. Lawrence, IT. S. P. 1,941,697, Jan. 2, 1934, to Kamnacr.aph Co.; Brit. Chem. Abn. B, 
1934, 924; Chem. Abg., 1934 . 28, 1826; Rev. Paivt, Colour, Vnrrngh, 1934, 7, 457. Cf. W. S. 
Lawrence and T. H. Miller, U. S. P, 2,008,763, July 23, 1935, to KoumnRrnph Co.; Brit. Chem. Abg. 
B, 1936, 560; Chem. Abg., 1935 , 29, 5956. 

303 German P. 611.389, 1935, to Caribonum Ltd.; Chem. Abn., 1935, 29, 6060; Rev. Paint, Colour, 
Vamigh, 1935, 8, 517. 

308 W. S. Lawrence, U. S. P. 1,954,451, April 10, 1934, to KaurnnKraph Co,; Brit. Chem. Abg. B, 
1935, 110; Chem. Abg., 1934. 28, 3911; Rev. Paint, Colour, Vnrnigh, 1935, 8, 109 CJ. K. Gorcy, 
U.8.P. 1,564,234, Dec. 8, 1925; Chem. Abg., 1926, 20, 513. 

30® Viacoaity chanRe of inka on heatinR ia comparable to the viscoaity index of petroleum hvflro- 
rarbona. See Carleton Ellis, “The Chemiatry of Petroleum Derivatives,” Vol. II, New York, Rein- 
hold Publishing Corp., 1937. 
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was said to be efficient as an indelible transfer composition for marking 
fabrics, being little affected by water. Also, an ink containing stearin 
pitch, mineral oil, paraffin wax and carbon black has been proposed.^®^ 
The latter was reported to be extremely flexible on drying, showing no 
tendency to flake. 

A combination of transfer veliieles of somewhat different properties 
has been suggested to secure deep penetration of ink into the fabric and 
at the same time to produce an embossed effect on the surface of the 
marked materialIn the preparation of the transfer base the design 
was printed with an ink containing a vehicle of ethyl or benzyl cellulose, 
a phenol-formaldeliyde-rosin condensation jnwluct, and a plasticizing 
agent, e.g., tritolyl pliosifliate. This mixture, which was said to fuse 
slowly under the influence of lieat, was overprinted with a composition 
of rosin, beeswax and ultramarine. On transference, the overprinting was 
reported to be transmitted first and to penetrate the fabric. The slowly 
fusible portion of tli(‘ vehicle could not creep into the fabric but remained 
on the surface. TIh' blend(‘d ink was proposed particularly for marking 
fabrics having a complicated weave. 

Transfer of a design by fusion and subsequent fixing of the pattern 
by washing with alkaline sc^lution has been employed in some instances.^®® 
An emulsifying agent was incorporated in the pigment vehicle so that 
washing of the fabric (after transf(‘rence) with alkaline solutions caused 
emulsification of the ])igment, resulting in deeper penetration of the latter 
into the marked material. One such ink comprised lanolin, Turkey red 
oil,^®^ boiled linseed oil, j^aracoumarone, and induline base dye.^®® With 
the above vehicles it was stated to be difficult to use direct dyes, that is, 
dyes which do not require the use of a mordant for forming a marking 
on cotton. AVhen a direct dye was d(‘sired, the latter was dissolved in 
glycerol before admixture with the vehicle. 

When an ink has been transferred to the fabric to be marked, often 
steaming is enijiloyed to fix the dye. If the dye vehicle is decomposable 
under the action of steam, the carrier may be removed at the same time. 
For example, a vehicle was projiared from the reaction product of 15 
parts of resorcinol and 2-2.5 parts of paraformaldehyde.^^® Heating of 
the reactants at 120° C. for 0.5 hour was reported to lead to formation 
of a water-soluble, fusible resin. The latter was dissolved in water at 
100° C. together with gum arabic, methylene blue, cornstarch and tannic 
acid. The solution was cooled to 16-20° C. and zinc chloride incorporated. 

H. Kruso. U. s. r. 1,393,142. Oct. 11, 1921; Chriv, Abs., 1922, 16, 505. 
'®®W. S. T/nwrc'nco, U. S. P. 1.939.821. Dec. 19, 1933, to Kaumnpraph Co.; Chcm. Ahs., 1934, 28, 

1488. British P. 333,768, 1929; Chem. Abs., 1931, 25, 605. 
T. Maraton and W. S. Lawrence, U. S. P, 1,487,873, March 25, 1924, to Kaumagraph Co.; 

Chem, Aba., 1924. 18, 1758. British P. 230.275. 1924; J.S.C.L, 1925, 44, 366B; Chem. Aba., 1925, 
19, 3384. W. S. Lawrenn*, U. S. P. 1.573,976, I’Vh. 26, 1926, to Kau!najirai)ii Co.; Chem. Abs., 1926, 
20, 1530. 

Turkey-red oil is llu> tcaclion ]>roiluet of snlplnnie nci<l and easti^r oil. It consi.sts mainly of 
ricinoleic .sulphate, tomdiu'r with some free ricinoleic acid. 

* Induline base.s are prepare»l from nmidoazohen/ene, aiiilme and aniline h> drochloride. They 
are inaoluble in water, soluble in organic solvents (alcohol, acetic acid, etc.). 

^«*W. S. Lawrence, l\ S. P. 1,827,591, Oef. 13. 1931. to Kaumagraph Co.: C/um. Aba,. 1932, 26, 605. 
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Because of the presence of zinc tannate and dye in the ink, a lake was 
formed in the vehicle, and the need for a mordant in the fabric was said 
to be obviated.^^® 

Inks intended for transference to glass may contain a somewhat dif¬ 
ferent type of vehicle from those employed for fabric marking. One 
such material proposed was blended from an opaque varnish, pigment 
and finely pulverized glass.^^^ The fusing point of the latter was slightly 
lower than that of the object to be marked. 

Marking compounds for ceramic materials may be compounded with 
vehicles of the drying-oil type.^^- Boiled linseed oil was boiled with an 
equal quantity of lead oxide until most of the latter had dissolved. On 
cooling, the mixture was described as being resinous in appearance. 
Thinning agents such as oil of cloves, lavender or aniseed oil (10-20 per 
cent by weight) were added together with pigment to the drying-oil 
composition. The high lead content of the ink was said to remove the 
necessity for a flux on transference and to aid formation of sharp lines. 

Soluble Inks. When a number of cutting and sewing operations are 
required in finishing a garment, often the positions of buttonholes, lapels, 
hems, pleats and embroidery designs are placed upon the fabric with 
transfer patterns. Upon completion of the finishing operations the pat¬ 
terns usually are removed by washing the fabric in hot water or soap 
solution. Hence, for this type of pattern an ink which is water-soluble 
is necessary. A marking compound reported to be permanently soluble 
in hot water was prepared by incorporating turpentine and gum shellac 
in triacetin (glycerol triacetate) at 250° F. The temperature was then 
raised to 270-340° F. and a basic dye stirred into the mixture.^ Sug¬ 
gested dyes include Methylene Yellow, Rhodamine, Crystal Violet, and 
Victoria Blue. Also, compositions containing rosin and shellac soaps have 
been proposed.^^^ Thus, 30 parts of soap flakes and 10 parts of glycerol 
in 50 parts of water were boiled to a gel, and 70 parts rosin, 65 parts 
shellac and 7 parts caustic soda added. The whole was heated to remove 
water and the pigment and 10 parts of yS-naphthol embodied. Transferred 
embroidery designs with fine, distinct lines were stated to have been 
secured with beeswax.The latter was blended with boiled linseed oil, 
turpentine and pigment. Also, mixtures of beeswax and carnaiiba wax 
may be used.^^® For example, a mixture of beeswax and carnauba wax, 
boiled linseed oil, sodium hydroxide, triethanolamine, granulated sugar 

In employing basic dyes such as methylene blue, a mordant in the form of an insoluble salt 
of tannic acid is usually put in the fabric, when the latter is not an animal liber. The color base 
of the dye reacts with the tannate to give an insoluble or sparingly .soluble lake, which form.s the dye. 

iiij. F. McNutt, U. S. P. 1,990,549, April 2. 1935, to American Decal Corp.; Chem. Aha., 1935, 
29, 3481. U. S. Reissue 19,839, .fane 28, 1930; Chem. Aba., 1930 , 30, 1907. 

JWJ. Kasseker, U. 8. P. 971.280, Sept. 27, 1910, to Schmidt, Kasseker & Co.; Chem. Aha., 1910, 4, 
3289. British P. 23,852, 1909; Chem. Aha., 1911, 5, 181; J.8.C.J., 1910, 29, 278. 

P. Yohns, U. 8. P. 1,870,082, Aug. 2, 1932, to Biitterick Publishing Co.; Brit, Chem. Aha. B, 
1933, 514; Chem. Aba., 1932, 26, 5439; Rev. Paint. Colour, Vamiah, 1933, 6, 199. 

W. R. Lawrence, U. 8. P. 1,718,900, July 2. 1920, to Kaumagraph Co.; Chem. Aha., 1929, 23, 4089. 

««J. Mossman, U. S. P. 1,159,857, Nov. 9, 1915, to M. J. Cunning Co.; Chem. Aba., 1910, 10, 283.* 

*“0. F. Lohmann, U. 8. P. 1,990,193, Feb. 5, 1935, to Superior Trademark Mfg. Co.; Brit. Chem. 
Aba. B, 1930, 80; Chem. Aba., 1935, 29, 2005. 
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and magnesium oxide was utilized as carrier for a water-soluble pigment. 
When the fabric was washed, the ink was said to be dissolved completely 
from the garment. Acetic acid and albumin have been reported appli¬ 
cable in water-soluble transfers.^^'^ A basic dye was added to the acid and 
albumin together with gum arabic, molasses and triethanolamine. 

Pressure Transfer Inks 

Inks which are to be transferred by pressure rather than heat usually 
do not contain materials that harden rapidly on exposure to air. For this 
reason employment of drying and semi-drying oils in formulation of 
vehicles is precluded. One proposed marking compound embodied tallow, 
paraffin wax, oxidized lead carbonate, and benzine.^’® The whole was 
warmed together and applied to a transfer base. On transference, the 
designs secured were reported to be clear and firm but easily removed 
by hot water or alkaline washing fluids. A composition stated to be 
applicable for imprinting shadings on line drawings was prepared by 
admixing carbon black with glycerol or lard and a non-drying oil such 
as castor or mineral oil.^^® The blend was placed upon a base which had 
been impregnated with wax, whereby penetration of ink into the base 
was said to have been prevented. 

Unvulcanized rubber articles may be marked with designs fashioned 
from rubber, and the pattern and surface bearing it subsequently vul¬ 
canized together,’-^ For example, a relief printing stamp was coated on 
the raised areas with an aqueous solution of aluminum chloride w^hich 
acted as a coagulant. An aqueous dispersion of rubber was applied to the 
coagulant, and the design then transferred to a base which had been 
coated with adhesive material. 

Solvent Transfer Inks 

The efTect of heat or ])ressure on certain fabrics, woods or metals may 
be injurious. For this reason, among others, transference is sometimes 
carried out with solvents for the pigment vehicles. A proposed w’ater- 
soluble vehicle comprised 1 part glucose and 2 parts corn syrup.^-^ Pig¬ 
ment was incorporated together with glycerol, the latter as a thinning 
agent. When alcohol is used to effect transference, an ink composed of a 
water-insoluble but alcohol-soluble dye, a non-drying oil, e.g., castor oil, 
and a small proportion of rosin may be utilized.^-- 

^”A. B. Poschel, British P. 393,132, 1933; Chem, A6«.. 1933, 27, 5553. German P. 609.404. 1935; 
Chem. Ahft., 1935, 29, 3175. 

C. Pawla nml E. W. Pawla, U. S. P. 1.606,662, Nov. 9, m6’,Chrm Ahs., 1927, 21, 161. 

S. E. Wa«lc, British P. 312,004, 1928, to Wade Transfer Co. Proprietary, Ltd.; Chem. Abs., 
1930, 24, 933. 

*20.1. S. Tidmu.s, British P. 414,205, 1934, to International L.atex Processes I,td.; Brit. Chem. Abu. 
B, 1934, 933; Chem. Abs., 1935, 29, 258. 

'2>C. F. Morse, U. S. P. 979,542. Di*c. 27, 1910; J.S.C.I., 1911. 30, 141; Chem. Abs., 1911, 5. 1000. 

*«A. Schubert, U. S. P. 2,013,291, Sept. 3, 1935, to Barrett A Co. ; Brit. Chem. Abs. B, 1936, 943: 
Chem. Abs., 1935, 29, 7101; Rev. Paint, Colour, Varnish, 1935, 8, 517. 



Chapter 13 

Emulsion Inks 

Considerations Involving Physical Chemistry 

An emulsion ink is one comprising pigments, modifying agents, and an 
emulsion of two immiscible liquids. The stability of such a composition is 
the prime concern of any manufacturer engaged in the production of such 
inks. The considerations involving physical claanistry in a Study of 
emulsions and their stability are beyond the scope of this text, and ref¬ 
erence must be made to literature on colloid chemistry for a complete 
discussion of these phenomena.^ An attempt has been made here to indi¬ 
cate the more important factors which may apply in the manufacture of 
emulsoid inks. 

The manufacture of inks is primarily a mixing problem. Mixing 
processes are said to result in a simple physical mixture, a physical 
change, a dispersion, or a chemical reaction.- Emulsoid inks are disper¬ 
sions. In some instances, which will be noted later, chemical reactions 
are important features of the manufacture of such inks.'^ With reference 
to emulsions, it is desired to produce permanent, rather than temporary, 
types of dispersions. 

To prevent segregation in mixtures, it is suggested that phases of 
nearly equal specific gravities be emj)loyed, that the pigment particles 
be ground to colloidal dimensions f.OOl to 0.1 micron), or that the external 
phase have a sufficiently high viscosity to prevent settling.^ Another 
necessary condition is that the |)articles of the internal phase be protected 
from touching one another by em[)loyment of a third material, such as 
a finely divided solid, protective colloid, or wetting agent. 

In many emulsion-type inks, water is employed as the external [ihase. 
The internal, or oily phase, of emulsion inks may vary in specific gravity 
for different inks. In general, it may be said that most of the oily sub¬ 
stances utilized have a specific gravity of approximately one, which is the 
value for water. 

Carbon black (from gas burners) is said to have almost no particles 

1 Sec, for example, J. Alexander, “Colloid Chemletrv,” New York, The Chemiral Catalog Co., Inc. 
(Reinhold Publishing Corp.), 1926. W. Ostwald, “Prartionl Colloid Chemistry,” New York, E. P. 
Dutton A Co., Inc., 1924. A. Kulen, ‘'Konoidehemi.seh«»s Tiisehenbiich,” Akmleiiii.'^elie Verlagsgesell- 
schaft m. b. IT., T.eipzig 19,3.1. 1'^ A, llaiisei. “Culloida! Plimonu'im,’ New York, MeXlraw-lIill 
Book Co., Inc., 1939. 

* J. H. Perrv, “Chemical Engineers' IIan<lbook,'* New York, Me.Graw-Hill Book Co., Inc., 1934, 
pp. 1267 to 1279. 

•A. J. Hailwoo^l, A, Shepherclson and A. Stewart, British P. 326,616, 1930, to Imperial Chemical 
Industries Ltd.; Brit. (’hern. Ab». B, 1930, 571. 

<J. H. Perry, loc. at. 
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larger than 0.2 micron. The size of particles in colloidal dispersions 
ranges from .001 to 0.1 micron. Therefore it is necessary to grind a 
carbon black to this degree of fineness. Another condition for stability 
is that the carbon black particles exhibit Brownian movement.® 

Modifiers such as wetting and emulsifying agents, stabilizers, binders 
or protective colloids generally are used in preparation of emulsion inks, 
since these substances aid in dispersing two immiscible liquid materials 
so that one liquid comprises the disperse and the other the dispersed phase 
of an emulsion. Also, these modifiers apparently help in stabilizing 
emulsions after the latter have been formed. 

Wetting or emulsifying agents are surface-active substances which 
depend upon the polarity of their molecules to produce orientation of the 
molecular configuration at an interface.® The tendency of the above 
substances to orient themselves depends upon the characteristics of the 
phases in contact at the interface. 

Employment of a surface-active agent in creating an emulsion may 
be illustrated by considering the function of mahogany sodium sulphonate 
in an emulsoid inkJ In the process of manufacture, pigment, mahogany 
sulphonates, lithographic varnish and binders are ground together, and 
water is emulsified with the resulting mixture. The sodium sulphonate 
groups are said to be oriented toward the water while the hvdrocarbon 
groups tend to contact the organic constituents surrounding the pigment. 
The water and the oil phases are said to wet each other with the aid of 
the mahogany sulphonates and greater stability of the emulsion may be 
expected. 

In the investigation of two liquids, to determine whether wetting 
agents are recfuired for emulsification, interfacial tension may be used 
as a criterion. Interfacial tension depends upon the surface energy 
between the two liquids.^ In measuring the surface energy of two immis¬ 
cible liquids, a capillary ^ or drop-weight method may be iised.^® Table 
33 gives values for the interfacial tension of water with certain liquids. 
A low interfacial tension is said to favor the stability of an emulsion.^- 
A wetting agent generally lowers the inter facial tension. According to 
Oibbs^ Law, substances which decrease the interfacial energy or tension 
are concentrated at the interface,^^ Wetting agents arc usually concen¬ 
trated in that region. 

f”’Carl of on Ellis in “Soionoo of Cot rolouin.” Now York. Oxford Vni\orsitv Pros.*!, 1938, Vol. 4, 2853. 
F. E. Rartoll. huL Enq. Chew., 1939, 31, 31. 

■» H. Hi'okol, IT. S. P. 1.906.962. May 2, 1933, to Twitoholl Prooos.«« Corp.; Brif, Chem. Ah/^. B, 
1934, 157: Rrv. Paivt, Colour, Varnish, 1934 , 7, 103: Chem. Abs.. 1933 , 27, 3627. Gorman P. 618.284, 
193.5, to Twitoholl Prooosa Corp.: Chem. Abs., 1936 , 30, 309. Mahofsany siilphonatos aro oil-solublo 
anlphonato.a obtainod in rofininp certain potroloiim distillotos with sulphuric acid. For the prepara¬ 
tion an<i proportios of such aubstancos soe, Carloton Elli.*^. “The Chomistrv of Petroleum Deriva¬ 
tives." Now York, Roinhold Publi.shinff Corp., Vol. I, 1934, and Vol. II, 1937. 

* E. A. Hnu.ser, ,1. M. Antlroas and W. B. Tucker, hui. Enq. Chem., 1939 , 31, 32. 
® For detail.'^ of dotorminintr intorfacinl ton.sion bv oapillarv method.*!, see W. C. lte\ n<*hls, J. C. S., 

1921, 119, 460; Chem. Abs.. 1921, 15, 2759. 
«W. D. Uarkins nn«l F. E. Broun. J. 4. C. S., 1919. 41, 499: Chem. Abs., 1919. 13, 3418. 
« W. C. Reynold.-^, J.C.S.. 1921, 119, 466: Chem. Abs., 1921. 15, 2759. 

E. A. ITauser, ,T. M. Andrea?* ami W. B. Tucker, Ind. Enq. Chem., 1939, 31, 32. 
E. S. llodgos, "Colloid.'*," London, LonKinana, Green ami Co., 1931, 127. 
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Table 33.—Observed Interfacial Tension (Capillary Method) with Water.’' 

Interfacial Tension 
(Dynes per cm.) 

Ethyl ether 10.6 
Amyl alcohol 4.8 
Benzene 34.4 
Nitrobenzene 24.7 
Chloroform 33.3 
Carbon tetrachloride 43.8 
Aniline 4.8 
Cresylic acid 3.9 
Petrol (gasoline) 37.1 to 46.4 
Paraffin oil 43.1 to 48.7 
Liquid paraffin wax 15.1 to 41 
Turpentine 28.8 to 34.2 
Gum acacia sol (10 per cent gum) 25.9 

Emulsions may be of either the oil-in-water or water-in-oil type. 
^‘Oil” is a general term signifying that the liquid is immiscible in water. 
As a test for determining the type of emulsion for a given dispersion, it 
is suggested that a small amount of oil-soluble dye (insoluble in water) 
be added to the system. If the emulsion is of the oil-in-water type, it will 
not be colored by the dye because the dye cannot reach the oily or internal 
phase; if a water-in-oil type of dispersion is present, coloration will take 
place. 

Also, electrical conductivity may be used to indicate the type of dis¬ 
persion. When water is the (disperse (external) phase, the conductivity 
will be relatively large in magnitude because of the presence of small 
quantities of electrolyte. The conductivity is very much diminished if 
the external phase is oil. 

It is possible to control the type of disperse system by employment 
of the correct emulsifier. Further, it appears that surface-active mate¬ 
rials must be used in almost all emulsion inks, because of the relatively 
high interfacial tensions indicated in Table 33. An emulsifying agent 
which is wetted more readily by oil than by water is said to form stable 
water-in-oil emulsions. An emulsifier which is wetted by water to greater 
extent than by oil stabilizes an oil-in-water system.'® As an illustration 
of this phenomenon, it is stated that alkaline earth, zinc, aluminum, and 
iron soaps favor the production of water-in-oil emulsions. Alkali soaps 
are said to produce oil-in-water systems. 

Solids may be employed as emulsifying agents. The finely ground 
particles are said to arrange themselves at the interface between the two 
emulsified liquids.'® It is necessary that the particles be wetted to some 
extent by each liquid, if the solid is to serve as an emulsifying agent. An 
indication of the wettability of a solid by a liquid is the “contact angle. 
The latter is the angle between the surface of the liquid and the solid 

’•K. S, TIodKPH, “Colloids," T.oiidon, I,onjnnnn.s, Oroon nnd C»»., 1031, 140. 
’f* E. S, Updgps, “Colloids," London, T.,onKmans, Qropn nnd Cf»., 1931, 153. 

J. M. Fain and F. D. Snell, hid. Eng. Chem., 1939 , 31, 48. 
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at the place where liquid and solid phases join the gaseous phase of th(‘ 
air. If the solid is completely wetted by the liquid, the contact angle is 
zero. The type of emulsion resulting from a system in whicli the solid 
is in contact with two liquids will depend on the relative magnitudes of 
the contact angles of the solid with each liquid. The liquid with the 
smaller angle is said to form the disperse phase. 

Marion and Marion have suggested utilization of a solid emulsifier. 
Colored pigments are emulsified with binders with the aid of colloidal 
clays, such as bentonite, Silvinite, or Vulcanite. Schlaepfer^® reported 
emulsification of 33 parts of water with 67 parts of kerosene by using one 
part of carbon black. The latter example indicates the possible employ¬ 
ment of pigments themselves as emulsifiers. 

The mechanism of emulsification has been studied by Stamm and 
Kraemcr.^^ The production of emulsions is said to be a two-stage proc¬ 
ess. In the first stage, shaking and mixing produces a pulverization of 
each phase into droplets. The second stage comprises the reunion of 
the droplets of one or both phases. The degree of dispersion is dependent 
on the magnitude of these two opposing tendencies. An emulsifying agent 
is said to protect the droplets of one phase from coagulating while the 
drops of the other phase join one another to form the external phase. 

Aluminum, calcium, magnesium and zinc soaps of palmitic, stearic 
and oleic acids have been employed to prevent settling of pigments.-^ 
These soaps are non-drying, whereas lead, manganese and cobalt soaps 
arc driers. The aluminum, zinc and magnesium soaps become oriented 
so that the metallic part is in contact with the pigment and the hydro¬ 
carbon chain is in contact with oil or varnish. Of these soaps, aluminum 
stearate is said to be the most satisfactory, because of its tendency to 
form alumina gels in the ink. The gel acts as a protective colloid. 

A number of wetting agents for ink pigments have been indicated by 
Burton.^^ In addition to the soaps described above, it is suggested that 
saponification products containing iron, titanium and copper be employed 
{e.g.j iron olcatc). Also lecithin, esters of sulphonatcd dibasic acids (c.g., 
“Alphasoh’), dipentene, pine oil, octyl alcohol and tributyl phosphate are 
recommended. These substances are said to act as wetting agents for the 
pigment-oil interfaces.-- 

Naphthenates, blown linseed oil and blown rapesced oil have been 
proposed as wetting agents for pigments.-'* It is stated that these sub¬ 
stances will i)roduce inks which have a low liquefying stress-^ (even 

L. Marion ami S. Marion, French P. 823,422, 1938; Chem. Abx., 1938 , 32, 6648. 

»"A. U. M. Schlaopfer, 1918, 113, 522; Kolloid Z., 1918, 22, 113; Chem. Ahs., 1918. 
12, 2273. 

A. J. Stamm and E. O. Kraemer, J. Phys. Chem., 1926 , 30, 992; Chem. Abs., 1926, 20, 2771. 
«> Am. Ink Maker, 1936, 14 (8), 25. 

2»J. L. Burton, Am. Ink Maker, 1937, 15 (3), 21; Chem. Abs., 1937, 31, 4141. 

“ A teat for the applicability of surface-active agents to printing inks is described in Chapter 17. 

» Am. Ink Maker, 1938, 16 (5). 27. 
Liquefying stress refers to the ease with which concentrated inks can be liquefied by remilling 

after storage. A low liquefying stress indicates that the ink can be rcliquehed easily. 
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though stored for a long time) and a liigh degree of pigmentation. Many 
wetting agents are said to produce inks with high liquefying shears on 
storage. The quantity of wetting agent employed is stated to be impor¬ 
tant. In some instances, one per cent of wetting agent gives the maximum 
shearing effect, while a tenth of a per cent of the substance increases the 
rigidity of the ink. Therefore it would appear that the surface-active 
agent acts as a lubricant as well as a wetting agent. 

Protective colloids and binders are employed in inks. Casein and 
other colloids were reported to maintain the pigment in suspension and 
to act as an adhesive for ink and paper. According to \Vu and Wu 
these colloidal substances adsorb the pigment. In some instances the 
pigment apparently adsorbs the colloid. Other protective colloids sug¬ 
gested for inks include tannins, pectins, gum, salts of alkylated fatty 
acid amides and amines, phenols and alcohols of high-molecular weight. 
Also, albumin, starch and soaps have been recommended.-^ 

Adhesive substances such as casein, glue, and gelatin have been incor¬ 
porated in inks to the extent of 25 per cent.-**^ An illustrative composi¬ 
tion consisted of 70 parts casein, 70 parts formamide, 150 parts water and 
370 parts aluminum dust. 

Protective colloids are hydrophilic colloids when present in an emul¬ 
sion in amount greater than hydrophobic colloids (e.g., pigment). The 
latter do not precipitate in presence of substances which ordinarily cause 
coagulation of the hydrophobic material. Addition of electrolytes and 
temperature changes may cause such precipitation, and the protective 
colloid renders the hydrophobic colloid less liable to such coagulation. 

Zsigmondy developed a method of measurement of the j)rotcctive 
ability of hydrophilic colloids. The measure employed is known as the 
“gold number.” The latter is the number of milligrams which, when 
added to a standard gold sol, is just insufficient to prevent a change in 
color, from red to blue, when 1 cc. of a 10-per cent solution of sodium 
chloride is added. The standard gold hydrosols must be prepared by the 
formaldehyde method and the particles must range in size from 20 to 30 
microns. To produce such a standard gold sol 120 cc. of distilled water 
are heated to the boiling point and 2.5 cc. of a 0.6-per cent aqueous solu¬ 
tion of chlorauric acid (HAuCl *41120) and 3.5 cc. of a 0.18A solution 
of potassium carbonate added to the water. Heating is continued, and 
when boiling occurs again, 3 to 5 cc. of a 0.12-per cent solution of formal¬ 
dehyde are added and the whole stirred vigorously. Some values of gold 
numbers are included in Table 34.^^ It is to be noted that small gold 

»M. 8. Hopkini and N. Underwood, U. S. P. 1,621,541, March 31, 1927 ; Chem. Aha., 1927, 21, 1555. 

H. Wu and Y. Wu in J. Alexander, “Colloid Chemistry,” New York, The Chemical Catalog 
Co., Inc. (Reinhold Publishing Corp.), 1926, Vol. 1, 380. 

«W. Denzlcr, British P. 396,618, 1933; Chem. Abs., 1934 , 28, 1206. 

* V. Kubelka, Chem, Listy, 1930, 24, 325; Chem. Abs., 1930, 24, 5393; Rev. Paint, Colour, Var- 
nish, 1930, 3, 275. 

asp. Ia F. Magill and C. Dangclmajer, U. S. P. 2,130,807, Sept. 20, 1938, to £. I. du Pont dc 
Nemours A Co. 

^ R. Zsigmondy, Zeitschrijt fur Analytische Chemie, 1901, 40, 697. 

^ R. Zsigmondy, loc. cit. 
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Table 34.—Gold Number of Colloids. 

Colloid (jloUl Number Colloid Gold Niinjber 

Gelatin .005-.01 Gum tragacanth 0.5-2 

Russian glue .005-.01 Dextrin 6-20 

Bone glue .005-.01 Wheat starch 4-6 

Casein 0.01 Sodium stearate .001-10 

Gum arabic 0.1-0.5 Sodium oleate 0.4-1.0 

Albumin .03-0.25 Potato starch 25 

numbers are characteristic of protective colloids. Protective values 
expressed as gold numbers have reference to gold sols only, and the pro¬ 
tective effect of the same colloids may be somewhat different when applied 
to the sol of a different substance. 

Traube and Rackwitz have presented a theory of protection in 
which they maintain that there are three adhesion intensities: the first 
is the adhesion intensity of the protecting colloid for water; the second is 
that of the protected colloid for water; the third embodies the adhesion 
intensity of the two colloids for each other. Surface-active substances 
{e.g.j saponin or soap) have low adhesion intensity for water and should 
exert less protective action than surface-inactive substances (c.g., gelatin, 
albumin, or dextrin), which have high adhesion intensities for water. 
Hence wetting agents were stated not to act as protective colloids. It 
was reported that surface-active colloids usually do not provide protection 
for hydrophobic colloids (c.g., gold, silver and carbon sols with surface- 
active colloids). However, with other colloids (c.g., sulphur and arsen- 
ious sulphide sols), possessing less adhesion intensity for water, there is 
stated to be no difference in protective action between surface-active and 
surface-inactive colloids. The conclusion was drawn that wetting agents 
do not protect carbon particles. The effect of some substances upon sols 
has been summarized in Table 35 in the form of numbers, similar to gold 
numbers. Substances having a low number protect the sol from coagula¬ 
tion to a greater extent than those possessing a higher number. 

Tabic 35.—Kffcct of Surface-Active and -Inactive Agents upon Sols.'*"’ 

Gold No. 
Silver 

No. (I) 
Silver 

No. (II) 

Colloidal 
Carbon 

No. 

Iron Priissian 
Hydroxide (Berlin) 

No. Blue No. 
Sulphur 

No. 

Arsenie 
Sulphide 

No. 

Gelatin .002 .007 .02 .03 1 O.Ol .000025 15 

Gum 
arabic 0.1 0.25 .04 .3 5 1 .005 4 

Albumin 0.5 .3 .5 0.1 3 5 .005 20 

Dextrin 4 20 10 4 4 50 .025 20 

Soap 1 1 25 0.4 .006 25 

Sodium 
stearate 2 3 23 0.25 .005 

Saponin 23 7 23 0.5 .003 2 

“ I. Trftube and E. Rack w it!!, Kolloid Zeit., 1925, 37, 138; Chem. Abs., 1926, 20, 135. 

I. Traubo and E. Rackwitz, , Kolloid ZcU., 1925, 37, 133; Chem. Abs., 1926, 20, 135. 
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The colloidal carbon sol data arc applicable in choosing protective 
colloids for printing inks. It is evident from the above table that gelatin, 
gum arabic and albumin apparently afford good protection. Dextrin was 
said to give fair results.^'^ The method of determining the numbers was 
similar to that employed for gold numbers described previously 

Caution should be observed in adding to printing inks substances 
which will cause ^‘salting out'' of the colloids. Electrolytes generally 
tend to accelerate such precipitation. Hofmeister reported that all elec¬ 
trolytes do not have the same precipitating power. Some of his data, 
which indicate the concentration (in gram mols per liter) of sodium salts 
required to salt out a sol of albumin, arc contained in Table 36. The 

Table 36.—Effect of Electrolytes upon Albumin Sols. 

Oram Mols of Salt Required to 
Sodium Salt Precipitate a Sol of Albumin 

Citrate .56 
Tartrate .78 
Sulphate .80 
Acetate 1.69 
Chloride 3.62 
Nitrate 5.42 
Chlorate 5.52 
Iodide thiocyanate Saturated solutions 

values represent the effectiveness of anions in causing precipitation. It 
was stated that citrate, tartrates, sulphates, acetates and chlorides should 
not be employed in preparing printing inks. Also, nitrates and chlorates 
should be used in limited quantities. 

It has been found that cations cause salting out. The effectiveness 
of positive ions in bringing about precipiattion increased in the following 
order: sodium, potassium, lithium, barium, strontium, magnesium, cal¬ 
cium. The sol employed was prepared from wheat flour. This would 
indicate that sodium, potassium, lithium, barium and strontium salts 
should be added in small proportions to printing inks. 

The hydrogen ion concentration, or pll, is important in the main¬ 
tenance of stable emulsions of hydrophilic colloids since the latter sub¬ 
stances are electrically charged. Protein substances arc amphoteric in 
nature and as the pH is changed the electric charge of protein colloids 
changes from positive to negative. A neutral point is observed where the 
colloid will not migrate in the electric field. The hydrogen ion concen¬ 
tration at which the colloid is uncharged is called the isoelectric point. 

** The colloidal carbon was prepared by the method of P. C. L. Thorne, J. C. S., 1916, 109, 1916; 
Chem. Abi.t 1916, 10, 1461. The reader is referred to that source for further details. 

^For methods of preparing some of the sols described see, R. Zsigmondy, Z. anal. Chem., 1901. 
40, 711 (gold sc^; K. Abdernalden, "Handbuch fur biochemischen Arbeitsmethoden," Urban and 
Schwarsenburg, l^lin, 1910 (sUver sols); W. Ostwald, "Practical CJolloid Chemistry,” New York, 
E. P. Dutton d Company, Inc., 1924 (B^lin Blue, sulphur, arsenic sulphide and iron hydroxide sols). 

Hofmeister, Archiv fur Path, Pharmakol., 1899, 24, 247; 28, 1. 
R. A. Gortner, W, F. Hoffman and W. B. Sinclair, Kolloid Z., 1928, 44, 97; Chem. Aba., 1928, 

22, 1513. 
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At this pll the stability of the colloid is least. In the case of proteins, 
the molecular configuration is said to be as follows: 

Cl- + 

NH3> 
/ 

R 
\ 

HCl 

COOH 

Acid 
Configuration 

NH.> 
p / NaOH 

\ 
coo- 

Isoelectric 
Configuration 
'‘Zwitterion’’ 

NH, 
/ 

R + Na+ 

^coo- 
Alkaline 

Configuration 

Table 37.—Isoelectric Points of Protein Colloids. 

Egg albumin 

Isoelectric Point 
pH 

4.6-5.0 
Milk albumin 4.6 
Gelatin 4.(I-6.6 
Casein 4.6-4.7 
Lecithin 2.6-4.7 

Table 37 represents the isoelectric points of some colloids.^® To avoid 
precipitation of protective colloids such as albumin or casein, the pH of 
the printing inks in which these substances are used generally is main¬ 
tained at a value greater or less than 4.6 to 5.0. In practice borax, 
ammonia or alkalies are employed to keep the pH of the ink above the 
isoelectric point. 

Intaglio Emulsion Inks 

As binders and protective colloids for intaglio emulsion inks, rubber, 
albumin, acaroid, casein, asphalt, rosins, synthetic resins, gum dammar, 
dextrin, or glue have been suggested. Casein, albumin, dextrin and glue 
generally are dissolved in water. Alkalies are required to keep casein 
and albumin in solution. Among bases proposed are borax, potash lye, 
sodium carbonate and ammonia. 

Asphalt, rubber, synthetic resins, cellulose esters, gum dammar, acaroid 
and rosins usually are dissolved in organic solvents. The latter include 
xylene, petroleum fractions (boiling from 130 to 180° C.), kerosene, tur¬ 
pentine, acetone, alcohol, benzene and dipentene. 

Turpentine is said to be an eflScient solvent for dammar and resins.'*® 
This solvent is reported to oxidize on exposure to air, oxygen or ozone, 
forming a resinous body resembling a peroxide. 

Dipentene is a terpene with a sweet odor, and is produced from turpen¬ 
tine by treatment with alcoholic solutions of sulphuric acid. It is stated 
to be a good solvent for gums and resins and to retard skinning of ink.*** 

Isopropyl, amyl, octyl and ethyl alcohols are suggested as solvents 

“L. J. Harris, Biochem. J., 1930, 24, 1080; C/icm, Ab&., 1931, 25, 15. 
»A. W. Thomas, J. Am. Leather Chem. A.hsoc., 1934 , 29, 3; Cliem. Abs., 1934, 28, 1371. 
*0M. PhUlips, Am. Ink Maker, 1937, 15 (6), 18. 
** M. Phillips, loc. eit. 
^ M. Phillips, loc. eit. 
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for synthetic resins and gums. Amyl and octyl alcohol, in combination 
with solvents for nitrocellulose, arc said to increase the solvent power of 
any true solvents. This is known as “coupling action’^ and is a i)roperty 
of many alcohol-type solvents. 

Benzene, xylene and petroleum hydrocarbons dissolve certain synthetic 
resins, cellulose esters and asphalt.**^ They may be used as diluents for 
inks. 

Emulsifying agents employed for intaglio inks include sulphonated 
oils {e.g.f Turkey-red oil), saponified resins and condensation products 
of oleic acid and ethylene oxide. These agents are reported to produce 
oil-in-water systems. 

Some intaglio inks contain sulphonated hydrocarbons as wetting 
agents. Emulsions employed in the preparation of printing compositions 
usually are composed of oil and water. Sulphonate radicals in the wetting 
agent apparently dissolve in the water layer, while the hydrocarbon radi¬ 
cal is oriented toward the oil phase. One intaglio composition containing 
sulphonated hydrocarbons was prepared by admixture of 500 parts of 
a varnish, consisting of naphtha drying oils, varnish gums and driers, 
with 25 parts of mahogany sodium sulphonate. Then 200 parts of fire- 
red pigment were ground in the blend. 500 grams of water were added 
to form an emulsion with the pigment-sulphonate-varnish mixture.**^ 

Solutions of asphalt or resins in petroleum hydrocarbons, which are 
emulsified with water, have been suggested as vehicles for intaglio inks. 
It was stated that the petroleum solvents utilized should have a boiling 
point of 130 to 180^^ C. and a flash point above 30° C. Proposed emulsi¬ 
fying agents comprised the condensation products of alkylene oxides or 
polyglycols with aliphatic carboxylic acids, alcohols, amines, carboxylic 
acid amides, or mineral oil sulphonates. Also, reaction products of ali¬ 
phatic or cycloaliphatic carboxylic acids and aminosulphonic acids were 

advocated. 

An intaglio ink containing asphalt was prepared by dissolving 15 parts 
of gilsonite in 40 parts of petroleum hydrocarbon and emulsifying the 
solution with an aqueous dyestuff paste. The latter was composed of 4.5 
parts of aluminum hydroxide lake of Vesuvin, 38 parts of water, and 2.5 
parts of an ethylene oxide-oleic acid reaction product. The resulting 
ink was said to be incombustible, nearly odorless, non-settling and water¬ 
proof. 

M. Phillips, loc. cit. 

** Carleton Ellis, “The Chemistry of Petroleum Derivatives," New York, Reinhold Publishing 
Corp., 1936, 1074. 

Heckel, U. S. P. 1,900,962, May 2, 1933, to Twitchell Process Corp.; Bnt, Chem. Aba. B, 
1934, \hT\Rev. Paint, Colour, Varnish, 1934, 7, 103; Chem. Abs., 1933 , 27, 3627. German P. 618,284, 
1936, to Twitchell Process Corp.; Chem. Aba., 1936, 30, 309. 

British P. 414,801, 1934, to I. G. Farbenind. A.-Q.; Chem. Aba., 1935, 29, 1269; Rev. Paint, 
Colour. Vamiah, 1934, 7, 467. British P. 439,624, 1936; Chem. Abt., 1936, 30, 3667; Rev. Paint, Colour, 
Vamiah, 1986, 9, 93. 
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It has been suggested that asphalt may be used both as coloring 
matter and as a binder for intaglio compositions. One ink comprised 
asphalt dissolved in xylene to which was added an aqueous solution of 
sodium sulphoricinoleate (wetting agent). An aqueous solution of casein 
solubilized with soda then was incorporated. Subsequently carbon black 
was ground into the mixture. Also, the aqueous portion may contain 
soaps, saponins, Turkey-red oil (sulphonatcd castor oil), alkylated salts 
of amines, tannins, or gums to stabilize the emulsion. Instead of asphalt, 
cellulose esters, linseed oil, or rubber may be employed. 

Rapidly drying inks which contain asphalt are reported to be em¬ 
ployed for intaglio printing. One composition^® of this type contained 
22 per cent gilsonite (asphalt), 51 per cent of a hydrocarbon solvent for 
gilsonite, 22 per cent water, and 5 per cent glue. Also, the hydrocarbon 
solution of asphalt was mixed with ji its volume of an aqueous syrup of 
dextrin and pigment. It is stated that the ink has high fluidity and 
sufficient homogeneity to enable it to enter and to be retained in the 
depressions of hard metal intaglio printing forms. Also, the ink is said 
not to penetrate into paper. 

Hopkins and Underwood advocated utilization of an emulsion ink 
in which pigment is dispersed in any oil medium. An aqueous solution 
containing casein, borax, ammonia and sodium fluoride then was added. 

Emulsified intaglio inks may contain casein and asphalt.The 
employment of these substances depends upon the requirements of the 
particular situation. Intaglio inks must be stable in physical properties 
and should not deteriorate before use by the printer. Compositions with 
volatile solvents, such as xylene, are said to be somewhat inflammable 
and must be modified to depress this characteristic. 

In rotogravure intaglio printing, high-speed rotary presses are 
employed. Rapid drying of the inks is a necessity in such work. It is 
essential that the ink fill the engraved portions of the printing plate and 
that the composition be readily wiped from the smooth surface. 

Asphalt may be employed to give the flow and binding properties 
required in intaglio printing. As vehicle for such inks kerosene has been 
suggested. The latter is inflammable, but is not as volatile as xylene, and 
inflammability was said to be lessened. An example of asphalt coloring 
compound was prepared from 2 parts of gilsonite (solid asphalt) in 2 parts 
of kerosene. To the kerosene solution, 1 part of liquid asphaltum was 
added. The resulting mixture was ground with 2 parts of Van Dyke 
brown. The asphalt was stated to act as a protective colloid for the pig- 

<'fW. Denzier, British P. 396,618, 1933; Chem, Ahs,, 1934, 28, 1206. French P. 748,759, 1933; Chan. 
Abs., 1933 , 27 , 5559. 

*«E. Winship, French P. 680,881, 1929; Chem. Abs., 1930, 24, 4176. G. D. Knight, Canadian P. 
304,857, 1930, to E. Winship; Chem. Ahg., 1931, 25, 833. U. S. P. 1,858,449, May 17, 1^2; Chem. Abs., 
1932, 26, 2942. U. S. P. 1,725,649, Aug. 20, 1929; Chtm. Ab.^., 1929 , 23, 4836; Rev. Paint, Colour, Var¬ 
nish, 1929, 2, 332. 

M. H. Hopkins and N. Underwood, U. S. P. 1,621,541, 1,621,542, 1,621,543, March 21, 1927, to 
Charles Eneu Johnson 4 Co.; Chem, Abs., 1927 , 21, 1555. 

“ M. H. Hopkins and N. Underwood, loc. cit. 
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ment, to serve as a pigment itself, and to aid in making a firm bond with 
the paper. Also, casein was proposed by Hopkins and Underwood as a 
binding material for intaglio inks. Ammonia, borax, and sodium fluoride 
were utilized to maintain the casein in aqueous solution. Casein is 
reported to be an excellent protective colloid for pigment and to produce 
a stable solution. In the process of drying, this protein is said to bind 
the ink to the paper. Also, albumin has been proposed for intaglio emul¬ 
sion inks. Posse®- suggests that 1.4 parts of albumin (or casein), 0.18 
part of borax, 2.8 parts of sulphonated castor oil, 5.4 parts of a laked 
color, 3.5 parts of turpentine, 2.2 parts of carbon black, and 14 parts of 
water be stirred together to give such an ink. 

An intaglio ink, containing albumin, has been advocated by Schutze.®^ 
An aqueous mixture of albumin, pigment and alkaline salt was emulsified 
by the aid of oil-sulphonic acids with turpentine or rosin oil. 

A casein composition in which ammonia and potash lye were utilized 
to make the protein soluble has been reported. One such vehicle consisted 
of 2.0 parts of rosin, 0.1 part of casein, 1.6 parts of 10-per cent potash lye, 
O. 24 part of ammonia solution (sp. gr. 0.91), 4.0 parts of water and 0.2 
part of turpentine.®** Pigment then was ground into the vehicle. 

Resinous condensation products of polyhydric alcohols (e.g., glycerol) 
with polybasic organic acids phthalic anhydride) and unsaturated 
fatty acids may be incorporated into aqueous suspensions.®^^ An aqueous 
solution of casein, ammonia and a small amount of a magnesium or lead 
salt of a high-molecular weight organic acid is advocated as the emulsify¬ 
ing medium. Coloring matter, {e.g., carbon black or chromic oxide) is 
added and the resulting mixture diluted with water to obtain the desired 
consistency. 

An intaglio ink ®® which is said to comprise a stable, aqueous, non¬ 
skinning emulsion was prepared from rosin, a volatile petroleum distillate, 
caustic soda, a drying oil and water. It was reported that the composition 
dries quickly upon application to paper, through evaporation of the hydro¬ 
carbon solvent and absorption of water by the paper. Also, the ink was 
said not to adhere to the embossing rollers. 

“Safety inks’' are reported ®® to have been prepared by mixing a drying- 
oil ink with an aqueous solution of water-soluble color. Approximately 

M. H. Hopkins and N. I'nderwood, loc. at. 

«G. E. Posse, U, S. P. 1,142,365, June H, 1915; Chem. Aba., 1915, 9, 2000. 
“L. SchuUe, U. S. P. 1,096,198, Mav 12, 1914; Chem.. Abt., 1914, 8, 2228; J.S.C.I., 1914, 83, 642. 

L. Schutze and R. Fischer, Hritish P. 12,567, 1913; Chem. Aba., 1014, 8, 3723; J.S.C.I., 1913, 32, 
1007. German P. 265,902, 1912; Chetn. Abs., 1914, 8, 579. 

«H. Kurz and K. Albert, U. S. P. 1,890.996, Dec. 13, 1933; Chem. Aba., 1933, 27, 2050. U. S. P. 
1,962323, June 12, 1934; Chem. Aba., 1934, 28, 4923. Frencl» P. 43,145, 1934; Chem. Aba., 1934, 28, 
5262. French P. 746,863, 1933; Chem. Aba., 1933, 27, 4698. French P. 711,613, 1931; Chem. Aba., 1932, 
26, 1810. British P. 390,780, 1933; Chem. Aba., 1933, 27, 5995; Hnt. Chem. Aba. B, 1933, 478. iWitish 
P. 896,654, 1933; Bnt. Chem. Aba. B, 1933, 879; Chem. Aba., 1934, 28, 1206. British P. 371,527, 1931; 
Brit, Chem. Aba. B, 1932, 687. Austrian P. 124,742, 1931; Chem. Aba., 1932, 26, 860. 

German P. 522,776, 1933, to I. Q. Farbenind. A.-G.; Rev. Paint, Colour, Vamiah, 1933, 6, 99. 

'‘‘E. H. McLeod, U. S. P. 2,005,945, June 25, 1935, to International Printing Ink Corp.; Chem. 
Aba., 1935, 29, 5682. 

«A. A. Wittnebel, U. 8. P. 2,116,374, May 3, 1938; Chem. Aba., 1938, 32, 5237. British P. 469,232, 
1937; Chem. Aba., 1938, 32, 814. 



EMULSION INKS S41 

90 parts of drying-oil ink and 10 parts of water ink are the proportions 
used. The quantity of water-soluble pigment in the final product will 
be about 7 per cent by weight of the water-insoluble pigment. The 
water-soluble ink is said to smudge if the stamps or other documents 
printed with this ink are tampered with, e,g.j if ink-eradicator is employed 
to remove cancellation marks. 

For copper-plate printing it has been suggested that an ink be pre¬ 
pared by admixing 500 parts of copper-plate printing lacquer with 50 
parts of water. The whole then was ground with 100 parts Lake Red C. 
The product may be thinned with 50 parts of toluene. 

Typographic Emulsion Inks 

These may be either oil-in-water or water-in-oil emulsions. Most 
typographic emulsion inks are of the oil-in-water type. The pigment, 
in the latter class of inks, is usually in the oil phase, and modifiers are 
admixed with the latter to maintain the coloring agent in a stable 
dispersed condition. 

Water-in-oil compositions are said to have the pigment in the aqueous 
phase. Stabilizing agents usually arc not added to the oily phase as in 
oil-in-water emulsions. Specific wetting agents generally are utilized 
for individual pigments to maintain the latter in stable water suspensions. 

Materials such as sulj)hi(e liquor from paper manufacturing, spindle 
oil, fish oil, petroleum fractions, turpentine, castor oil, rubber solutions 
or asphalt solutions are utilized as vehicles in typographic einulsoid inks. 
Also, halogcnated tung oil sometimes is used to promote rapid drying. 

Binders and protective colloids employed in the manufacture of inks 
of this type include asphalt, bird lime distillate, chlorobenzene, casein, 
albumin, gum tragacanth, paracoumarone, and zinc hydroxide. Some 
of these substances are susceptible to bacterial decay. It was suggested 
that a preservative, such as formalin, be employed in conjunction with 
such agents. 

As wetting agents for pigment and oil used in typographic inks, sodium 
silicate, benzoic acid, xylenol and guaiacol have been suggested. Caustic 
soda is frequently employed with some of these substances. Also, high- 
molecular weight alcohol sulphates, polymerized alkyl aryl sulphonates 
and monobutylphcnyl sodium monosulphates are suggested as being 
satisfactory wetting agents for pigment-water systems. In some instances 
aluminum, magnesium and calcium soaps, wool grease and oleic acid are 
advocated. 

Generally emulsion inks consist of emulsions in which the pigment is 
in the inner phase of oil or hydrocarbon. However, Curado has 
reversed the above arrangement by dispersing tlie pigment in water, with 

WK. Gross, U. R. P. 2,038.839, April 28, 1936; Chem. Abs., 1936, 30, 4344; Rev. Pamt, Colour, 
Varnish, 1936, 9, 242. French P. 75r),7.)5, 1933; C/icm. Abs., 1934, 28, 2203; Rev. Paint, Colour, 
Varnish, 1934 , 7, 196. 

“J. Q. Curnclo, U. S. P. 2,120,588, June 14, 1938, to General Printing Ink Corp.; Chem. Abs., 
1938, 32, 6083. 
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the aid of a wetting agent. The dispersion subsequently was emulsified 
with linseed oil or other water-immiscible vehicle. 

The advantage, said to result from using the pigment as the inner 
phase of the w^ater layer, is that the same vehicle may be used with any 
pigment. Lithographic varnishes usually must be modified for use with 
specific pigments. If the pigment particles are completely surrounded 
by water, the non-aqueous vehicle does not come into contact with them 
and no special modification of the oil is necessary. For example, it was 
stated that No. 2 linseed oil varnish gives satisfactory tack, setting rate, 
drying properties, and viscosity if ground with a phloxine toner. This 
same vehicle ground with jVIilori Blue was said to give an ink that was 
too tacky and rapid-drying for typographic purposes. 

An example of a water-wetted pigment and oil emulsion composition 
consists of 25 per cent of Red Lake C toner, 25 per cent of water, 5 per 
cent of wetting agent, 15 per cent of linseed varnish, 16 per cent of blown 
linseed oil, 12 per cent of petrolatum, and 2 per cent of lead naphthenate 
(drier). The wetting agentwas dissolved in water at 140° F. and 
the pigment added to the solution. The pulp produced from the water, 
wetting agent and pigment mixture was digested for several hours to 
effect dispersion of the pigment in the water. A blend of linseed var¬ 
nish, blown linseed oil, petrolatum and drier then was agitated with the 
pulp to disperse the water-wet pigment in the oil vehicle. Other wet¬ 
ting agents recommended were sulphated high-molecular weight alco¬ 
hols, organic salts of polymerized aralkyl sulphonic acids and monobutyl- 
phenvlphenol sodium sulphonate. 

A typographic ink employing aluminum, calcium, and magnesium 
soaps 3.^ emulsifying agents was advocated.'^ Thus, an ink was prepared 
from 100 parts of aluminum soap, 30 to 45 parts of calcium soap, 10 to 
20 parts of magnesium soap, 45 to 80 parts of distillation products of 
bird lime, 75 to 1(K) parts of mineral oil, 45 to 75 parts of water and 
45 parts of carbon black. In place of the distillation products of bird 
lime, whale wax or Chinese wax may be employed. Bird lime is a 
waxy substance, prepared by macerating and pounding the inner bark of 
holly (Ilex Integra). It is said to consist principally of mochyl and ilicyl 
palmitates and some caoutchouc. On distillation, palmitic acid and a 
hydrocarbon with the formula Cj«H44 obtained. 

A typographic emulsion ink consisting of lampblack, mineral oil, 
rosin, catechu, formalin, sodium silicate, sodium carbonate, gum a^-abic. 
aluminum resinate, coloring agent and water was suggested by Ishida.®* 

“•The wetting agents employed by Cnrfido were said to be tliose commercially designated ns 
"Gardinol," "Darvan." “Erl^lin," and "Areskap." Althotigh the exact bunmia for each wa.M 
unknown, they are believed to be derived from the .sulphonatcfl condensation product of hydroxydi- 
phenyl alcohol (described in British P. No. 409.773. to Ilubber Service T.aborntorie!«i Co., Mnv 10. 
1934) or from the condensation of naphthalene with sulphonic acid fas described in U. S. P. 1,336,759, 
April 30, \920, to Otto Schmidt). 

"•S. Horii, Japanese P. 39,066. 1921; Chern. Ahn., 1922, 16, 2234. 

E. Divers and M. Kawakita, J. C. S., 1888, 53, 268. 
K, Ishida. TJ. S. P. 1,410,572, Mar. 28, 1922; Chem. Abs.. 1922, 16, 1875. British P. 194,1.56, 1922 ; 

Chem. Ahn., 1923, 17, 3615. 
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The mineral oil and rosin were boiled together and carbon black added 
to the boiled mixture. The remaining ingredients then were ground in 
the pigment-rosin-oil blend. 

Instead of adding wetting agents, the latter may be produced in situ 
during the preparation of the ink. For example, a portion of the oil 
vehicle may be saponified to give a soap which serves as wetting agent 
or protective colloid. One such ink was blended by admixing barium 
lake of Victoria Blue in linseed oil varnish, and agitating the dispersion 
with aqueous caustic soda. A portion of the varnish was stated to be 
saponified, forming a soap. An aqueous solution of a coal-tar dye then 
was incorporated, together with carbon black. 

A rapidly drying typographic ink is reported to contain a vehicle 
consisting of a chlorinated drying oil {e.g.^ chlorinated tung oil) and an 
activator (zinc and aluminum paste). Bromine or iodine may be used 
in place of chlorine in tlie halogenation, and oiticica, linseed, perilla or 
fish oil substituted for tung oil. The speed of drying was stated to be in 
proportion to the extent of halogenation. To aid the drying process, the 
ink was heated directly after printing. 

A composition, comprising an emulsion of water in oils, fats, resins 
or pitches is proposed as a vehicle for typogra])hic Alkali fe.g., 
sodium hydroxide, potassium hydroxide) and aromatic hydrocarbons 
or aromatic hydrocarbon salts sodium salicylate, or o-, m- or 
p-cresol) were incorporated in the water as emulsifying agents. 

For example, to 100 parts of water were added 15 parts of sodium 
hydroxide and 1.5 parts of benzoic acid, sodium salicylate, o-, m-, or 
p-cresols, xylenol or guaiacol. The oily phase consisted of 100 parts of 
asphalt dissolved in 900 parts of linseed oil varnisli. The latter mixture 
then was emulsified with 25 per cent by volume of the aqueous solution 
described above, and 9 parts of nigrosine (pigment) ground into the 
whole. 

Inks for use with rubber forms are made bv dispersing a water- and 
alcohol-insoluble pigment or lake in an alkaline solution of shellac in 
alcohol or acetone.®^® 

Another typographic ink contains 20 per cent asphaltic base petro¬ 
leum residuum oil, 68 ])er cent water, and 12 per cent of an oil-insoluble 
coloring medium, such as carbon black. The composition is said to be 
satisfactory for newspaper printing. 

Dispersions of rubber have been suggested as a vehicle for printing 
ink. Aqueous emulsions of natural rubber latex or of rubber itself with 
drying oils have been proposed. Casein and ammonia, or resins, are 

«2H. Zimmer, British P. 357.1,50, 1929; Chem. Abs., 1933, 27, 1773. 

•wW. .1. Koenift, U. S. P. 2,136,108. Nov. 8. 1938. to Sloane-Blabon Corp.; Chem. Abs., 1939 , 33, 
1525. 

•wR. O, Hintke, P. 431.642. 1935- lint. Chmi. Ahs. B, 1935, 860; Chrm. Abs.. 1936, 30, 193. 

Germnn P. 669,052, 1939, to Kast A F'hinger Q. m. b. H.; Rev. Paint, Colour, Varnish, 1939, 
5, 181. 

«E. H. McLeod and W. W. Mock, IT. S. P. 1.524.872, Feb. 3, 1925; Chem. Abs., 1925, 19, 1061. 

’’"British P. 409,009, 1934, to I. G. Fnrbeniml. A.-G.; Rev. Paint, Colour, Varnish, 1934, 7, 407. 
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stated to act as stabilizers for these emulsions. Thus, an ink was pre¬ 
pared by homogenizing 262 parts of chlorinated rubber (chlorine content 
about 60 to 68 per cent) with 131 parts of linseed oil, and 131 parts of 
tung oil, at a temperature of 100 to 140° C. Subsequently, 9 parts of an 
aqueous solution (containing 6.8 per cent lead and 1.4 per cent manga¬ 
nese), 162 parts of iron oxide pigment, and 48 parts of castor oil were 
ground with the chlorinated rubber dispersion. The resulting mixture 
was treated with 26 parts of alkaline aqueous solution of casein, 5 parts 
of ammonia solution, 5 parts of borax and 400 parts of water. 

Salts of deacetylated chitin or chondroitin have been employed in 
aqueous mixtures containing wetting agents, (c.g., Saponin), aldehydic 
compounds {e.g.y formaldehyde), and resins, oils, or waxes.®®® When non¬ 
reactive, water-insoluble substances which remain in solid form in dis¬ 
persion {e.g.y carbon black or Milori Blue) arc added, printing mediums 
are obtained. 

Printing ink may be prepared by mixing the colors with an aqueous 
emulsion of albuminous substances. Thus, sodium carbonate was dis¬ 
solved in water and albumin incorporated. To the resulting solution were 
added sodium ricinoleosulphonate and oil of turpentine. Barium lake of 
naphthol black subsequently was ground into the emulsion. 

An emulsoid printing ink®® in which the vehicle comprises a watcr- 
in-oil emulsion has been advocated. The emulsion may be prepared 
from mineral oil, water and wool grease. 

For newspaper printing it was recommended that inks utilizing 
waste sulphite liquors obtained in the manufacture of paper be employed. 
One such ink was produced by treating concentrated sulphite waste lye 
with nitric acid in the presence of copper or zinc. The black product 
secured was admixed with concentrated sulphuric acid. Tn this manner 
a dark black, syrupy product was obtained which could be used as ink 
in typographic printing. 

In another procedure, waste sulphite liquor is concentrated by evapo¬ 
ration and the concentrate treated with alkali, water and phosphoric acid 
to form sodium phosphate without saponification of any of the sulphite 
constituents.*^® The product obtained on addition of alkali is emulsified 
with mineral oil and combined with pigment. To the resulting mixture 
alkaline dichromate and spindle oil (diluent) are added. The purpose of 
the sodium phosphate is to prevent moisture from penetrating watcr- 

••• British P. 458,816, 1937, to E. I. du Pont de Nemours & Co.; Rev, Paint, Colour, Varnish, 
1937, 10, 124. These derivatives of natural products (chitin is a homy substanre found, for example, 
in the hard shells of crabs whereas chondroitin is an essential constituent of cartilage) were pre¬ 
pared aa described in British P. 458,^9, 1937. 

« French P. 458,646, 1913, to Berger A Wirt; Chem. Ahs., 1914, 8, 3245. 

• S. Horrobin and A. Stewart, British P. 388,072, 1933, to Imperial ChoTnic.al Industries, Ltd.; 
Chem. Abi., 1933, 27, 4698; Rev. Paint, Colour, Varnish, 1933 , 6, 198. 

«K. J. Smidt and R. Jaeger, British P. 187,537, 1922; Chem. Abs., 1923, 17, 1157. 

M. Ludwigsen, Danish P. 46,482; Rev. Paint, Colour, Varnish, 1934, 7, 103; Chem. Zentr., 1934, 
105 (1). 1891. British P. 268,966, 1926; Chem. Abs., 1928, 22, 1486; Brtt. Chem. Ahs. B, 1927, 452. 
Danish P. 37,548, 1927; Chem. Abs., 1928, 22, 3056; Rev. Paint, Colour, Varnish, 1928, 1, 173. 
Swedish P. 68,241, 1929; Chem. Abs., 1930, 24, 1528. 
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absorbent rolls (e.g., rolls made of stearin, glycerol and glue) and to 
provide better covering power. Rapid drying, by oxidation of sulphite 
in air, is said to take place as soon as the ink is printed and good adhesion 
of the composition to the paper is reported. 

Cross and Engelstad also recommend the use of waste sulphite 
liquor in inks. For example, 130 parts of lignone extract (concentrated 
waste sulphite liquor containing 37 per cent solid matter) and 6 to 8 
parts of chromic acid were stirred together and enough water added to 
make a 20-per cent aqueous solution. Before gel formation occurred 
the mixture of lignone and chromic acid was incorporated in 130 parts of 
lubricating oil and 5 to 7 per cent (by weight) of carbon admixed with 
the viscous emulsion. Toners then were added. 

Also, sulphite waste liquor ink may contain carbon black, mineral 
oil and soap. The latter is dissolved in sodium salts of concentrated 
waste sulphite liquor and carbon black dispersed in mineral oil subse¬ 
quently added to the soap-sulphite blend. 

It has been proposed that a typographic printing ink be formed 
from sulphite cellulose lye which has been neutralized with ammonia. 
Soap and mineral oil are added to the neutral sulphite liquor, and the 
mixture emulsified with albuminic acids. Pigment and linseed oil (or 
glycerol) arc ground with the sulphite emulsion. 

Neutralized sulphite liquor has been suggested as an ink binder in 
conjunction with hygroscopic substances {e.g.y glycerol). 

In some instances, emulsion-type inks in which emulsifying agents are 
absent have been proposed.'^*’^ Thus, 5 parts of chrome yellow were ground 
into 3 parts of linseed oil varnish. Addition of 1.5 parts of water to the 
dispersion with continued grinding was stated to yield a stable emulsion 
applicable to book printing. Instead of water, glycerol may be employed 
as one liquid phase.’’'® The trihydric compound was emulsified with a 
suspension of carbon black in lubricating oil. 

Planographic EMxn.siON Inks 

Most emulsion inks for this purpose are modified to eliminate the 
wetting apparatus generally used in lithographic printing and to prevent 
^^greasing.^^ Some inks contain hygroscopic substances such as calcium 
chloride or glycerol to take up moisture from air. Another method is to 
chill the plates below the dew point so that moisture from the air will 

T>C. F. Cross and A. Engelstad, British P. 263,520, 1925; Chvm. Abs., 1928, 22, 162; Brit. Chem. 
Abs. B, 1927, 185. 

”0. A. Richter and E. W. Lovering, XT. S. P. 1,738,798, Oct. 12, 1929, to Brown Co.; Chem. Abs., 
1930, 24, 979; Brit. Chem. Abs. B, 1930. 249; Rev. Paint, Colour, Varnish, 1930 , 3, 34. 

•^aW. Schultz, French P. 717,079, 1931 ; Chem. Abs., 1932, 26, 2879. Gorman P. 542,587, 1929; 
Chem. Abs., 1932, 26, 3394. 

’^F. Cronor, Zelhtoff u. Papier, 1925, 5, 225; Chem. Abs.. 1925, 19, 3025. 

TOK. Gross. French P. 755,755, 1934; Chem. Abs., 1934, 28, 2203; Rev. Pamt, Colour, Varnish, 
1934, 7, 196. TJ. S. P. 2,038,830, April 28, 1936; Chem. Abs., 1936, 30, 4344; Rev. Paint, Colour, Var¬ 
nish, 1936, 9, 242. 

“"M. J. Leahy, Refiner, 1937, 16, 88; J. Inst. Pet. Tech., 1937 , 23, 204A. 
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condense out and provide a film of water on the non-printing surface. 
In the latter instance the inks must be modified so as to run easily at the 
low temperature employed. 

Emulsion planographic inks may be composed of oil phases which 
are volatile {e.g., xylene). This permits rapid drying, particularly of 
asphalt inks. 

Emulsions may be employed to promote chemical reactions with leuco 
bases of dyes. A reaction of this sort is said to promote very fine dis¬ 
persion of the coloring matter. Some inks are prepared with water solu¬ 
tions of casein and may contain as much as 60 per cent water. Ammo¬ 
nia or other alkali must be employed to stabilize these solutions. The 
latter are usually emulsified with linseed oil (2 per cent) and rosin soap 
(7 per cent). Alcohol frequently is utilized in these compositions (as a 
solvent for the rosin). 

Constituents of the oil phase include tung oil, linseed oil, xylene, 
^'Cellosolve/’ castor oil or methyl cellulose. Wetting agents employed 
may be wool fat, oleates, gum dammar, aluminum stearate. Turkey-red 
oil or Yorkshire grease. Binders of the following type generally are 
used: dextrin, resin, gum arabic, gum tragacanth, asphalt, aluminum 
hydroxide, chlorinated rubber, casein and copal resin. As drier, cobalt 
linoleate has been advocated. 

Offset emulsion inks usually arc of the watcr-in-oil type.*^^ The con¬ 
sistency of an ink should not change greatly as a result of the absorption 
of moisture if printing is to be uniform. It is stated that inks containing 
12 to 15 per cent moisture at the moment of printing are applicable in 
offset work. 

A short offset ink tends to pile on the rollers and to distribute jmorly 
on the plate. Emulsification of greasy ink with water is said to cause 
an ink to become shorter. For this reason, it is recommended that an 
excess of water beyond the limit mentioned above be avoided. 

Lithography depends upon the grease-repelling property of water, and 
for the selective inking of the surfaces a dampening roller usually is 
employed to wet the non-printing area of the stones. The water, in 
contact with the stones, repels the greasy inks to the water-repelling por¬ 
tions of the lithograph. 

Price proposes to eliminate the need for special dampening appa¬ 
ratus by the application of a composition comprising an aqueous solution 
of water-soluble salts, emulsified with oil. It was stated that the salts 
must be capable of forming a water-in-oil type of emulsion and must be 
deliquescent so that the ink will not lose water while in use. For exam¬ 
ple, an emulsion said to be applicable for litliographic ink was prepared 
by admixing 14 parts of an acpieous 39 per cent solution of calcium chlo¬ 
ride, 4 parts of linseed oil varnish (^^Mid Varnish^O? 4 parts of thin lin- 

•nA. Grunder, Am. Ink Maker, 1936. 14 (3). 25, 27; Chem. Ahn.. 1937, 31, 6034. 
W. P. Price, U. S, P. 1.817,522, Aug. 4, 1931, to Horace Cory and Co.\ Chem. Ahn., 1931, 25, 5584. 
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seed oil varnish, 8 parts of petroleum jelly, and 1 part of ammonium 
chloride or borax. This emulsion was incorporated in a lithographic ink 
in the proportions of 8 parts of emulsion to 3 to 11 parts of ink. Calcium 
chloride is a deliquescent salt which absorbs moisture from the air. The 
ammonium chloride, or borax, is stated to prevent calcium chloride from 
attacking the plate or stone and forming thereon a surface which will 
not repel ink (“scumming”). 

An ink-repellent, for admixture to planographic inks,"^® is said to con¬ 
tain glycerin, gum tragacanth, ammonium acid phosphate and nickel 
nitrate. The above composition was emulsified with the planographic ink. 
On printing, the ink was stated to repel from the non-printing areas of 
the metallic plate. 

Another ink depending upon glycerol to achieve repulsion of the ink 
from the non-printing surfaces of a lithographic plate is suggested by 
Mehl.^® In preparing the composition, 2 parts of a saturated aqueous solu¬ 
tion of sodium hyposulphite, 2 parts of glycerol, 2 parts of rubber cement, 
2 parts of nicotine in aqueous solution, and 1 part of benzene were 
admixed. The blend then was emulsified with greasy lithographic ink. 

As previously mentioned, it has been proposed that wetting of non¬ 
printing areas of a lithographic plate be effected by maintaining the plate 
below the dew point of the surrounding atmosphere. In this manner, 
water will condense out upon the chilled plate to serve as ink-rej^ellent. 
An ink for lithographic presses or plate cylinders chilled to a temperature 
below the dew point was suggested by Goedike.^^ It is reported that utili¬ 
zation of wool fat and gum arahic as ingredients to produce greasines« 
and stiffness in lithographic compositions results in impressions with great 
color strength and soft consistency. Wool fat was advocated because 
of its low hardening point. 

In the preparation of such an ink, 50 parts of red pigment, 45 parts 
of number 1 lithographic varnish, 1 part of wool fat, and 3 parts of a 
water-varnish emulsion containing gum arabic were used. 

A rotogravure composition stated to be non-corrosive, stable and 
quick-drying has been suggested.^- Thus, barium oleate was dissolved in 
xylene and to this solution gilsonite was added. The whole then was 
triturated with Para Red toner and carbon black. An aqueous solution 
of Bismar(‘k lu’own and methylene blue was heated to 180° F. and ground 
into this blend. 

Gum dammar has l^ec'u recommendecl as an emulsifying agent for 
water-in-oil emulsions. The oil phase of the emulsion may be benzene, 

S. Rowrll. r.S. P. 2.090.704, Auc. 14, 1937, to Athlre.ssograph-MuUigrMph Corp.; Chetn. 

AbR., 1937, 31. 7273. 
80.1. V. Mohl, U. S. P. 1,9.')8.311, Mav 8, 1934: Cfu m. Ab.^., 1934, 28, 42,W. 
"M. G. Goedika, U. S. P. 1.935,629, Nov. 21, 1933; Chvm, Abs., 1934. 28, 917; Rrr. I'aitit. Colour, 

Varnish, 1934, 7, 102. 
8-’F. G. LaRhtT. U. S. P. 1,822,533, S«*pt. 8. 1931; Chrm. Abs., 1931, 25, 5999 ; Ih v. Paint, Colour, 

Varnish, 1932. 5, 25. 
8"H. N. Holmo.s and D. H. Canirron. U. .S. P. 1.410,012, Mar. 21. 1922: Chem. Abs.. 1922, 16, 1875. 

H. N. Holmes, J, Phys. Chem,, 1925 , 29, 1205; Chem Abs.. 1926, 20, 320. 
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toluene, carbon tetrachloride, carbon bisulphide, petroleum fats, greases, 
waxes, or chloroform. It was stated that, on printing, the oil body 
carrying the pigment permits the water to evaporate through the dried 
(or drying) oil film. 

Lithographic ink may be prepared by emulsifying an aqueous solu¬ 
tion of soluble dyestuff with an oil. The dyestuff then is precipitated 
and is said to be removed from the aqueous to the oil phase. For exam¬ 
ple, a solution of 30 parts of linseed oil in 90 parts of benzene was 
emulsified with 10 parts of water and 10 parts of ammonium oleate. The 
emulsion produced is admixed with a leiico compound. The latter is 
prepared from 8 parts of Caledon Brown R, 15 parts of 34-per cent caustic 
soda, 7.5 parts of sodium hydrosulphido and 300 parts of water. The 
whole was maintained at 50° C. until the dyestuff had been reduced to 
a water-soluble leuco compound. Air was stirred into the emulsion con¬ 
taining the leuco compound, to oxidize the latter to an insoluble pigment. 
The emulsion of oxidized leuco compound was broken by addition of 
hydrochloric acid, and the linseed oil, after the removal of the benzene 
and water, was stated to contain the dyestuff as a transparent coloring 
agent. The product is said to be an excellent transparent brown ink. 

A vehicle for the manufacture of inks®® for printing on w\all paper 
was composed of a drying oil solution of a resin emulsified with water. 
For example, equal weights of resin (phcnylphenol-formaldehyde type) 
and tung oil were heated together for 1 hour at 200° C. A small pro¬ 
portion of cobalt linoloate drier then was incorporated into the mixture, 
and the whole emulsified with ^^Cellosolve’^ fmonethyl ether of ethylene 
glycol) or xylene. The product was reported to be waterproof and quick¬ 
drying. 

Planographic emulsion inks prepared from Yorkshire grease (washing 
liquor from wool), mineral oil, nigrosine and w^ater have been advo¬ 
cated.®® Two parts of Yorkshire grease were dissolved in 1.5 parts of light 
mineral oil (sp. gr. 0.85; viscosity 0.19 dynes). The resulting solution 
then was ground with 5 parts of a 10-pcr cent aqueous solution of nigro¬ 
sine. Instead of Yorkshire grease, aluminum stearate or Turkey-red oil 
was suggested. The emulsion is said to be of water-in-oil type. How¬ 
ever, certain pigments, such as methyl violet, appear to be soluble in both 
the oil and water phases, and to cause separation of the emulsion. 

For offset printing, quick-drying emulsoid inks have been proposed.®^ 
In one instance a typographic ink was admixed with a solution of a vinyl 
ester resin in diacetone alcohol and ethylene glycol monoacctate. The 
whole subsequently was emulsified with glycerol and sodium tartrate. 

A. J. Hailwood, A. Shopliordson and A. Stmvart, British P. 326.516, 1928. to Imporinl Chemical 
IndiLStrics, Ltd.: Chem. Ahx., 1930, 24, 4944; Brit. Chem. Abs. B, 1930, 571. French P. 680,695, 1929; 
Chem. Ab8., 1930, 24, 4103. 

“British P. 422,416, 1935, to Bnkelite Lt<l.; Rev. Paint, Colour, Vami^h, 1935, 8, 249. 

“A. de Wade, British P. 183,513, 1922; Chem. Abs., 1923, 17, 217. 

“German P. 609,868, 1935, to Chcmische Fabrik Halle-Amenflorll Gebr. Hartmann; Rev. Paint, 
Colour, Varnish, 1935, 8, 208. 
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An ink, said *** to be applicable for photogravure printing, comprised 
26 parts of a 50-pcr cent aqueous dispersion of a synthetic resin, 20 parts 
of methyl cellulose in water, 12 parts of a 20-pcr cent water solution of 
casein, and 40 parts of color paste (Hansa yellow GT paste with alumi¬ 
num hydroxide). Also, photogravure inks containing ammoniated casein 
solution have been reported.®® Pigment and binders were added to this 
solution. 

Hadert suggested ®° that mixtures of emulsifying agents {e.g., Turkey- 
red oil) and water with natural or synthetic copal solutions (with added 
alkalies) be employed as vehicles for photogravure inks. Triethanol¬ 
amine and water were admixed with the wetting agents and pigments 
added to this vehicle. A small proportion of tannin was incorporated 
before addition of the pigment, to give the ink a gloss on printing. 

In some instances aqueous mixtures of pigment pastes containing cal¬ 
cium or barium hydroxide have been ground into stand oil to furnish 
colored emulsoid inks.®^ 

A composition reported ®- to be applicable for lithographic or offset 
printing contains dextrin, drying oils, aluminum or bronze powder, fillers 
and driers. Thus, 10 parts of rosin ester, 60 parts of linseed oil, 40 parts 

of tung oil, 5 parts of an alkali naphthalcnesulphonate, 5 parts of dex¬ 
trin, 1 part of lead manganese resin and 100 parts of aluminum powder 
were ground together. 

An oil color may be obtained from a watcr-wet pigment by forming 
an emulsion of the pigment, water, oil and an emulsifying agent such as 
a soluble soap. The emulsion is broken by adding a salt of an alkaline 
earth metal, magnesium, aluminum or lead to precipitate the soap. In 
this manner it is possible to separate water from the oil and pigment.®®* 

'"Gorman P. 58.5 167, 1933, to 1. O Faibeniml. Rrv. raint, Colour, Variurh, 1931, 7, 103; 
CJum.-tcch, Vbrrsichl, 1034, 58 (1, 2), 4. 

G. Pepe, Italum P. 341,703, 1937; Cfirw, Zentr,, 1937, 108 (2), 3967; Rev. Paint, Colour, Vamtsh, 
1938, 11, 25. 

n. Hndcrt, Dutch P. 56.423. 19.36: Chem. Zentr., 1936, 107 (2), 877; Rtv. Paint, Colour, Varnish, 
1936, 9, 316. See also U. S. P. 2,170,198. Auj:. 22, 1939. 

‘'1 N. Kozlov, Ru'isian P. 46,700, 1936; Chiviic ct industrie, 1937, 37, 1153; Rev. Paint, Colour, 
Varnish, 1937. 10, 342. 

Auerbach, Weissberger and Spol, Czechoslovak P. 47,430: Chem. Zentr., 1934, 105, 1851. 

British P. 452,556, 1936, to International Printing Ink Corp.; Rev. Paint, Colour, Varnish, 
1936. 9, 373. 



Chapter 14 

Special Types of Printing Inks 

Aniline Inks 

Simultaneously with the growth of dyestuff manufacture in the United 
States occurred the development of aniline printing inks which may be 
employed on a great variety of materials, such as Cellophane, glassine 
paper, Protectoid,^ kraft paper and machine finished paper.*“ The bag 
industry quickly adopted this kind of printing, since the short drying 
period of these inks permits printing and folding of paper bags and con¬ 
tainers at high speed on the same machine in one operation. For many 
years aniline printing was used for numbering cartons, but its wide 
employment appears to have been brought about by the general use of 
moisture-proof cellulosic wrapping material, which is now printed with¬ 
out offset.^ 

Aniline inks are primarily solutions of a coal-tar dyestuff in an organic 
solvent, e.g.j an alcohol, ester, ketone or ether. In some instances the 
solvents may be admixed with water. Such simple compositions, 
although drying rapidly, have disadvantages: the dyes being water- 
soluble, bleeding of the ink is caused by moisture; few of the dyes are 
light-fast enough to stand ordinary requirements in this respect, and 
lack of pigments makes the inks un.suitable for printing dark shades, 
their hiding power not being very great. By addition of modifying agents 
many of the properties of these inks can be improved. For example, 
incorporation of a resinous material or tannin often imparts to the solu¬ 
tion the consistency required for application to a particular surface and 
renders the ink fast to light and waterproof. In the case of opaque inks, 
a pigment (generally white), is incorporated into the composition. 

Aniline inks, because they dry very rapidly and obviate offset caused 
by ordinary quick-drying oil-base inks, may be used to advantage on 
cellulosic materials. Furthermore, they are not so likely to dry on the 
press as other varieties and no heating is required to dry them on the 
paper. Economy of production results from the use of one type of aniline 
ink which contains a special drier which penetrates the cellulosic deriva- 

1 The term Cellophane applies to cellulose acetate films made of specially treated pulp. Glas¬ 
sine paper is a similar, but thinner ami more transparent product {Paper, 1934, 33 (26), M). 

Protectoid is the trade name for a cellulose acetate plastic produced in the form of films, 
rods and tubes {Chem. dt Met., 1937, 44, 490). For a glossary of papermaking terms see Paper, 1924, 
33 (26), 66. 

For a review of such applications of aniline inks, see Deutscher Drucker, 1937 , 44 (518), 67; 
Rev. Paint, Colour, Varnish, 1938, 11» 23. 

a A. McNeil, Am. Ink Maker, 1935, 13 (10), 15; Chem. Ahs., 1936 , 30, 306; Rev. Paint, Colour, 
Varnish, 1935, 8, 516. 
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tive and binds the ink to the sheet, protecting the printed material from 
abrasion. One of its advantages is obtained by its direct printing from 
a roll, thus removing the necessity of extra parts on the press.^ 

Dyestuffs in Aniline Inks. The rapid increase in the application of 
aniline inks has resulted in a greater usage of dyestuffs in the printing 
ink industry. Most of the coal-tar dyes dissolve easily in alcohol, are 
brilliant but not waterproof.'^ The latter property, however, can be 
improved by addition of glycerol or metal salts. 

Coal-tar dyes are classed as either acid or basic. Acid dyes contain 
sulpho-, hydroxyl- or carboxyl- groups which are neutralized by an alkali 
or other metal. Basic dyes are those forming hydrochloric salts or a 
tannic lake. Generally, basic dyes are used in aniline inks as they are 
more intense and brilliant, although not as permanent as acid dyes. Basic 
dyes possess comparatively high surface tension, causing a tendency 
against spreading on the material to be printed. A small quantity of 
the solvent “Cellosolve” may be added to the dye solutions to promote 
spreading of the latter. To prevent bleeding and increase fastness to 
light, tannic acid may be added to the solution of the dye together with 
sufficient acetic acid to hinder the formation of a tannin lake of the dye.^’ 
Usually about ten parts of dyestuff are dissolved in nine parts of the 
solvent.® Basic dyes are more economical in use than acid dyes, since 
a smaller quantity of the former will give the same intensity in color. 
The advantages of both types can be secured by mixing them.*^ Accord¬ 
ing to McNeil,^ spirit-soluble acid dyes give brilliant transparent inks 
and are resistant to a coat of hot wax. On the other liand, basic dyes 
are used for softer, opaque colors, and dissolve in wax. Hadert states 
that spirit-soluble dyestuffs dissolve easily in paraffin wax, and that only 
water-color inks should be coated with it.® 

The following dyes are often applied in aniline inks: triphenylmethane 
dyes such as Fuchsine, Malachite Green, Brilliant Green, and Methyl 
Violet; azo (acid) dyes, e.g.j Lake Red, Lithol Red, Permanent Red, Dia¬ 
mond Green, and azo (basic) dyes, c,g., Chrysoidine, Victoria Blue; Saf- 
ranine (red, of the azine type); Rhodamine (pink, group of xanthone 
dyes); Auramine (yellow, diphenylmethane dyes), and also Hansa Yel¬ 
low, of the pyrazolone type. These more generally employed are Rhoda¬ 
mine, Safranine, Auramine, Chrysoidine, Victoria Blue and Brilliant 

« Paint ManuJ., 1932, 2 (10), 267. 
< H. Hndert, Farben-Chem., 1935 , 6 (1), 11; Chem. Abs., 1935, 29, 3536; Brit. Chem. Abs. B, 

1935, 366; Rev. Paint, Colour, Varnii^li, 1935, 6, 25. 
* Substitution of dvostuffs by pigments is reported to yield aniline inks more stable to light and 

less likely to bleed. J. J. Deeney, Am. Ink Maker, 1938, 16 (7), 25; Rev. Paint, Colour, Varnish, 
1938. 11, 364. 

•A. McNeil, Am. Ink Maker, 1936, 14 (8), 17; Chem. Abs., 1936, 30, 6967; Rev. Paint, Colour, 
Varnish, 1937, iO, 24. 

»R. M. Bates. Am. Ink Maker, 1937, 15 (6), 25; Paper Trade J., 1937, 104 (13), 141; Chem. Abs., 
1937 , 31. 5184; Rev. Paint, Colour, Varnish, 1937, 10, 259. 

* A. McNeil, Am. Ink Maker, 1935, 13 (10), 15; Chem. Abs., 1936, 30, 306; Rev. Paint, Colour, 
Varnish, 1935, 8, 516. 

•H. Hadert, Farben-Chem., 1935, 6, 11; Chem. Aba., 1935, 29, 3536; Brit. Chem. Abs. B, 1935, 
866: Rev. Paint, Colour, Vamiah, 1935, 8, 25. 
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Green, these being alcohol-soluble although also dissolved by water.^® 
Rotor Green Y is used with ethylcellulose and denatured alcohol.^^ 

In some instances complex chromium compounds of the dyes are 
employed.^- Such derivatives may be prepared by treatment of the dye, 
dissolved in an alcoholic solution of shellac, with a salt of hexavalent 
chromium, such as potassium dichromate. After reaction is complete, 
aqueous ammonia is added to the mixture to furnish a product applicable 
for printing on paper. 

Aniline inks with small covering power, so-called transparent inks, 
are still used for printing transparent and white material such as glassinc 
or Cellophane. On smooth surfaces for line engravings and designs and 
those affording great hiding power, however, these printing compositions 
are not satisfactory, and an opaque pigment must be added, thus allow¬ 
ing a wider field of application and also overprinting (discussed later in 
this chapter). The pigment is ground into a mixture of ethyl ^‘Cello- 
solve” and an alcoholic solution of shellac in a closed system (to prevent 
evaporation of the vehicle). Afterwards the resulting composition is 
mixed with a concentrated solution of the dyestuff. The opaque inks, 
because of the presence of pigments, have a tendency to thicken, so addi¬ 
tion of solvent can be made as needed during the printing process. It is 
advisable to strain the opaque inks after complete solution to remove 
small amounts of insoluble material usually present in dyestuffs. Exam¬ 
ples of pigments used in aniline inks are titanium dioxide, chrome yellow 
and cadmium red.^^ Opaque whites are colorless pigments containing 
oxides of titanium, lead, zinc or tin.^'^ Titanium dioxide is the pigment 
generally used, as it has greatest tinting strength and hiding power of all 
white pigments. Colored pigments are not as effective opaquing agents 
as the white pigment bases, with the exception of Lake Red which is 
employed when a very intense red is required. White ink containing 
titanium white can also be used alone, but it is more frequently added to 
transparent inks of any color, making them opaque. The concentration of 
the dye may be increased to obtain the shade required; it should be kept 
as low as possible, however, as saturated or nearly saturated solutions are 
unstable and may cause trouble in use,^® The particle size of the applied 
pigment should be controlled to obtain best opacity and uniformity of 
color. Too small particles cause loss in opacity. Smaller particles than 
in usual typographic printing are necessary for half-tones to avoid filling 

WQ. Haegens, Papier-Ztg., 1935, 60 (32), 606 ; 60 (33), 624; Chem. Zentr., 1935, 106 (2), 763; Brit. 
Chem. Abi. B, 1936, 831; hcv. Paint, Colour. Varntsh, 1935. 8, 401. 

^ French P. 776,825, 1935, to Imperial Chemical Industries, Ltd.; Am. Ink Maker, 1936, 14 (4), 
35; Chem. Abs., 1935, 29, 3863. 

la Swiss P. 198,348, 198,349, 198,350, 1938, to J. R. Geigy, A.-G.; Chem. Aba., 1939, 33, 3616. 
WA. McNeil, Am. Ink Maker, 1935, 13 (10), 15; Chem. Abs., 1936, 30, 306. 

M. Larsen and F. A. Woyinruth. Am. Ink Maker, 1937, 15 (9), 44; Paint, Oil, Chem. Rev., 
1937, 99 (17), 20; Chem. Ah»., 1937, 31, 7673. 

^Lake Red C is 2-amino-5-dichloro-p-toluene8ulphonic acid coupled with /3-naphthol. R. N. 
Shreve, “Dyes CJlassified by Intermediates," New York, The Chemical Catalog Co., Inc. (Reinhold 
Publishing Corp.), 1922. 

“R. M. Bates, Am. Ink Maker, 1937, 15 (6), 25; Paper Trade J., 1937, 104 (13), 141; Chem. Abe., 
1937, 31, 5184; Rev. Paint. Colour, Vamuh, mi, 10, 259. 
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up of printing face.^'^ Black aniline colors always show some bronze effect, 
which cannot be avoided entirely, owing to the fact that these blacks 
are mixtures of colors such as red, blue and yellow. The dispersing power 
of different transparent shades causes the bronze effect, unless the light 
coming from the colored paper to the eye forms a right angle with the 
paper.^® 

For printing on waxed surfaces certain types of pigmented inks, so- 
called “Fastopake^^ inks, may be used. These inks are insoluble in water 
after being printed, possess a high degree of opacity and light-fastness, 
and arc odorless and non-inflammable. The losses owing to evaporation 
are small because of the relatively low volatility of the solvent. Their 
use is especially recommended on absorbent material.^^ 

Solvents for Dyestuffs Used in Aniline Inks. The following types of 
solvents or combinations thereof are used for the most part in the prepara¬ 
tion of aniline inks: alcohols, ethers, ketones, ketone-alcohols, ether- 
alcohols, esters of carboxylic or hydroxy-acids, such as salicylic or lactic 
acid, and acid amides. Methyl and ethyl alcohol are appropriate solvents 
for aniline inks. A solvent of simple composition and relatively low 
molecular weight is prefc'ired in most instances since the solvent power 
of the liquid often decreases with increasing molecular weight.^^ Of the 
alcohol-ether solvents the (mono) methyl, ethyl and butyl ethers of 
ethylene glycol aiul diethylcne glycol are of considerable importance in 
the manufacture of aniline inks. The ethers of ethylene glycol are spe¬ 
cially known as methyl, ethyl and butyl '‘Ccllosolve,’’ respectively, while 
the special trade names of the respective diethylene glycol ethers are 
methyl, ethyl and ])utyl “Carbitol.’^ These solvents are widely used in 
pigmented aniline inks.-^ Simple solvents, such as methyl or ethyl alcohol 
as well as denatured alcohol, are relatively highly volatile, so that an 
addition of a somewhat higher-boiling solvent is necessary for making 
solutions of uniform strength. Incorporation of the latter liquid is often 
effected during the printing process. Such agents which decrease evapora¬ 
tion rate are ethylene glycol monoethyl ether (ethyl “Cellosolve”), 
ethylene glycol monomethyl ether (methyl ^T\^llosolve’0; or their acetates, 
mcthylcyclohexanone and mcthylcyclohexanol acetate. Xylol, toluol and 
furfural (inexpensive solvents) are reported to be unsatisfactory for the 
purpose.^^ 

Acetic acid is used to decrease evaporation of alcohol, with an addition 
of glycerol to make the ink waterproof.-® To prevent very rapid drying 

L. M. Larsen and F. A, Wevinouth. Am. Ink- Maker, 1937, 15 (9), 44; Paint, Oil, Chein. Rev., 
1937, 99 (17), 20; Chem. Abs., 1937 , 31, 7673, 

1«G. llaeKcns, Papicr-Ztq., 1935, 60 (32), 606; 60 (33), 624; Chem. Zentr., 1935, 106 ( 2). 763; 
Rev. Paint, Colour^ Varnish, 1935, 8, 401. Sec also M. Luckiesh, "Color and Its Applications," 
D, Van Nostrand Co., New York, 1921. 

«E. S. Hanes, Brit. Printer, 1935 , 48 ( 285), 109; Rev. Paint, Colour, Varnish, 1935, 8, 516. 
"R. M. Bates, Am. Ink Maker, 1937, 15 (6), 25; Payer Trade J., 1937, 104 (13), 141 ; Chevi. Abs., 

1937, 31, 5184; Rev. Paint, Colour, Varnish, 1937, 10, 259. 
^ M. Phillips, A7n. Ink Maker, 1937, 15 (6), 20. 
“A. McNeil, Am. Ink Maker, 1935, 13 (10), 15; Rev. Paint, Colour, Varnish, 1935, 8, 516; Chem. 

Abs., 1936, 30, 306. 
2* T. A. F. Sexton, Brit. Printer, 1934, 47 (277), 9; Rev. Paint, Colour, Varnish, 1934, 7, 293. 
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and to retain moisture in the dye, glycerol may be added to the ink. A 
better result is obtained with glycol, which is reported to be more hygro¬ 
scopic than glycerol, so that much smaller quantities are needed,-^ thereby 
avoiding unnecessary dilution of the dye solution. Aqueous-alcoholic 
solutions of a resin and alkali are employed as vehicles for inks contain¬ 
ing water- and alcohol-insoluble, light-fast pigments or laked dyes. Often 
it is of advantage to use water-free solutions of alkali and resin, as inks 
thus prepared are reported to dry more quickly and to have a better flow 
and consequently eliminate smudging on the press. As an alkali, borax 
usually may be used. However, corresponding quantities of ammonia, 
ammonium carbonate or other inorganic or organic bases are applicable.-*'' 
Aniline ink is available also in concentrated form when thinning is done 
by the printer, according to his own requirements. Solvents such as 
^‘Carbitor^ and diacetone alcohol for the concentrated solutions must have 
a high solvent power for the dye. The price of these inks is about three 
times as much as of those ready for printing without further thinning.-" 

As already mentioned, tannin and resins have an important role in 
aniline inks in determining the consistency and improving waterproofness 
and light-fastness. Resins or tannin prevent “striking through^' of the ink 
by filling up the pores of the paper. Tannin, being more expensive, is 
found only to a small extent or not at all in cheaper inks. Although 
tannin or resins may cause stickiness of the ink, this can be avoided by 
applying heated air to the printed sheets or by slower running of the 
press.-^ To prevent sticking, a plasticizer such as ‘TrgasoF^ may be 
added to the solution of the dye. The plasticizer also avoids clogging of 
the ink in small type, and as a result a more intense impression is claimed 
to be possible because a greater quantity of color can be used per gallon 
of ink. A general formula for use on sulphite paper and similar material 
consists of 3 to 4 lbs. of dry aniline color, 1 to li pints of “IrgasoF' and 6 
pints of methylated spirits.^® 

Resins improve the mechanical properties, such as toughness, elasticity, 
and resistance against abrasion of the dried ink film. A small percentage 
of nitrocellulose or cellulose ester lacquer is added to aniline inks for 
printing on Cellophane and other non-absorbent surfaces.*"^" Shellac has 
a high degree of combined hardness and fair elasticity and therefore is 
of service as a binder in aniline inks.^‘ Its disadvantages are the tendency 
to clog small type and line cuts, and to dry and become sticky on the roll. 

M German P. 309,911, 1917, to Th. Goldschmidt A.-G. ; Chem. Abs., 1919, 13, 1772; J.S.C.I., 
1919 38 379A. 

5* British P. 405,483, 1934, to Lcivinsohn & Co.; Chem. Aba., 1934, 28, 4614; Brit. Chem. Aba. B, 
1934, 334. The exception of alkyl hydroxyninino compounds is mentioned as to alkalies to be ustnl 
instead of borax. 

«R. M. Bates, Am. Ink Maker, 1937, 15 (6), 25; Paper Trade J., 1937, 104 (13), 141 ; Rev. Paint, 
Colour, Varnish, 1937, 10, 259; Chem. Abs., 1937 , 31, 5184. 

** H. Hadert, Far ben-Chem., 1935, 6 (1), 11; Chem. Abs., 1935, 29, 3536; Rev. Paint, Colour, Var¬ 
nish, 1935, 8, 25; Chem. Abs., 1935, 29, 3536. 

® Product by the Geigy Colour Co., Ltd. 
T. A. F. Baton, Brit. Printer, 1934, 47 (^277), 9; Rev. Paint, Colour, Varnish, 1934 , 7, 293. 
A. McNeil, Am. Ink Maker, 1935, 13 (10), 15; Rev. Paint, Colour, Varnish, 1935, 8, 516; Chem. 

Abs., 1936, 30, 306. 
» R. M. Bates, Am. Ink Maker, 1937, 15 (6), 25; Paper Trade J., 1937, 104 (13), 141; Rev. Paint, 

Colour, Varnish, 1937, 10, 259; Chem. Abs., 1937, 31, 51814. 
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Various kinds of natural and synthetic resins have been suggested as 
substitutes for shellac. Novolak, a synthetic phenol-formaldehyde 
product/^^ was used without much success. Better results were obtained 
with sandarac resin, which is soluble in methanol, amyl alcohol and other 
organic solvents and shows great resistance to abrasion, the dried film of 
sandarac being harder than that of shellac. A mixture of shellac and 
sandarac can be used, increasing elasticity and toughness of the dried ink 
film after evaporation of the solvent.-^-^ Other substitutes, such as gum 
copal, Vinylitc, Glyptal, ester gum, manila gum and manila pontianak, 
improve gloss and resistance to bleeding on smooth, hard, highly finished 
surfaces, but are not as suitable for rough, absorbent material.'^*^ Although 
some ink manufacturers do not include binders in their formula, the gen¬ 
eral composition of a simple transparent ink consists of 8 oz. of a dye, 800 
cc. of alcohol and 4 lbs. of orange shellac. Variations of these amounts 
are, of course, permissible to conform to special requirements.*"^^ Improve¬ 
ments in the production of shellac now makes it possible to meet special 
requirements. Thus, the wax in these shellacs is finely and uniformly 
divided in order to keep it in suspension and prevent it from settling out 
in solution. Pigmented aniline inks require a pigment- and wax-free 
shellac, which is prepared by special processes which do not involve 
bleaching. The latter reduces the toughness and elasticity of the shellac.^® 

Some high-acid, unmodified alkyd resins are alcohol-soluble to a 
certain degree and can be used in this way to a limited extent.*^^ How¬ 
ever, certain alkyd resins dissolve in di-ether-alcohols and are used in inks 
to be coated later with hot wax.*'^^ A form of alcohol-soluble nitrocellu¬ 
lose dries to a film which is harder, more resistant against abrasion, and 
more adhesive to Cellophane and other cellulosic surfaces than shellac. 
It has no effect on the tint of aniline inks, being colorless itself.*^^ Tannin 
or tannic acid is added to aniline inks to improve their resistance to bleed¬ 
ing, as the dyestuff forms an insoluble tannin lake after evaporation of 
the solvent. Traces of humidity must be present in the dried film, as 
formation of the lake occurs only in the presence of water. The moisture 
always present in air, and also in alcohol, is generally sufficient for this 
purpose.^^ Incorporation of some acetic acid in solutions containing 
tannin is necessary to prevent precipitation of the tannin lake.'*^ The 

See Carleton Ellis, “The Chemistry of Synthetic Resins,” New York, Reinhold Publishing 
Corp., 1935. 

“A. McNeil, Am. Ink Maker, 1935, 13 (10), 15; Rev. Paint, Colour, Varnish, 1935 , 8, 516; Chem. 
1936, 30, 308. 

R. M. Bates, Am. Ink Maker, 1937, 15 (6). 25; Paper Trade J., 1937, 104 (13), 141; Rev. Paint, 
Colour, Varnish, 1937, 10. 259; Chem. Abs., 1937, 31, 5184. 

R. M. Bates, Am. Ink Maker, 1937, 15 (6), 25; Paper Trade J., 1937, 104 (13), 141 ; Rev. Paint, 
Colour. Varnish. 1937, 10, 259; Chem. Abs., 1937, 31, 51M. 

•w Am. Ink Maker. 1938, 16 ( 4), 41. 
T. McE. Sanderson, Am. Ink Maker, 1938, 16 (4), 23. 

** M. Phillips, Am. Ink Maker, 1937, 15 ( 6), 18. 
A. McNeil, Am. Ink Maker, 1936, 14 (18), 18; Rev. Paint, Colour, Varnish, 1937, 10, 24 ; Chem. 

Aba., 1936 , 30, 6067. 
Q. Haegens, Papier-Ztg., 1935, 60, 606, 624; Chem. Zentr., 1935, 106 (2), 763; Rev. Paint, Colour, 

Varnish, 1935, 8, 25; Brit. Chem. Aba. B. 1936, 831. Cf. T. A. F. Sexton, Brit. Printer, 1935, 47 
(280), 177; Rev. Paint, Colour, Varnish, 1M5, 8, 25. 

** KUmmel, Farben^Ztg., 1937, 42 (2), 40; Rev. Paint, Colour, Varnish, 1937, 10, 24. 
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acetic acid evaporates simultaneously with the solvent from the ink film. 
Gum tragacanth as well as wheat or other starch-containing thickener 
may be used in inks containing aqueous solutions of dyes and intended 
for multicolor printing. The addition of thickeners, however, must not 
prevent the production of composite colors.'*- The manufacture of aniline 
inks is carried out in a closed, glass-lined and water-jacketed kettle with 
the aid of a mechanical stirrer. First the solvents are brought into the 
vessel, then the dye is added slowly, each portion being dissolved com¬ 
pletely before the next one is added. After all the dye has been dissolved, 
shellac or resins are added (if included in the formula) and dissolved. 
Finally, the ink is strained through fine cheesecloth or voile. However, 
the last operation in some instances can be omitted. According to 
McNeil the solvent should be heated to about 150° F. while dissolving 
the dyestuff.'*^ Kiimmcl ^■* does not recommend warming while the dye¬ 
stuff is stirred into the solvent, for it may cause the formation of lumps. 
After solvent and dyestuff have been mixed to a paste and then suitably 
thinned, the mixture may be heated to complete solution. If heat is 
applied, the solution should be cooled before further addition of tannin 
or resins.^^ The inks, pigmented (opaque) or transparent, may be mixed 
by stirring them together for one minute,^** thus making a large number 
of shades available.'*^ 

Aniline inks are widely used in printing different kinds of wrappers, 
bags, containers and envelopes made from paper. Cellophane, glassine 
or Diaphane. It is often necessary to pass freshly printed waterproof 
cellulosic surfaces over an electrically heated hot plate or hot-air oven 
to secure adhesion of the ink to the material and to prevent rubbing off. 
Another procedure consists of printing the reverse side of a transparent 
cellulosic material, such as Cellophane or glassine for bags or envelopes, 
giving them the appearance of a glossy overprint varnish. The printing 
thus is rendered scratch-proof and does not bleed when the cellulosic 
material is handled with wet fingers.'*® 

The requirements for food-wrapper and food-container inks are very 
strict regarding toxicity, odor and attractiveness. It may be assumed 
that all organic lakes and toners containing lead salts as well as pigments 
having lead, cadmium, mercury, copper or arsenic as a constituent, are 
poisonous and therefore cannot be used in food-wrapper inks. Phospho- 
tungstic and phosphomolybdic lakes of dyes are suitable pigments for 
printing on articles such as toys or food wrappers, being insoluble and 
therefore not toxic. 

«R. G. Cave, British P. 367,480, 1932; Chem. Abs., 1933 , 27, 3627. 
^A. McNeil, Am. Ink Maker, i936, 14 (8), 18; liev. Paint, Colour, Varnish, 1937, 10, 24; Chem. 

Abs., 1936, 30, 6967. 
Kummel, loc. cit. 

«R. M. Bates, Am. Ink Maker, 1937, 15 (6). 25; Paper Trade J., 1937, 104 (13), 141; Rev. Paint, 
Colour, Varnish, 1937, 10, 259; Chem. Abs., 1937 , 31, 5184. 

^Papier-Ztg., 1937, 62 (75), 1282; Hrv. Paint, Colour, Varnish, 1937, 10, 412. Cf. R. F. Salade, 
Paper and Print, 1938, 11 (41), Suppl. 20. 

See Clmptcr 6. 
**A. McNeil, Am. Ink Maker, 1935, 13 (10), 15; Rev. Paint, Colour, Varnish, 1935, 8, 516; Chem. 

Abs., 1936, 30, 306. 
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As a large number of bread and other food wrappings receive a pro¬ 
tective paraffin coating to prevent drying out and penetration of odors and 
moisture, aniline inks are especially applicable, as it is possible to print 
and give a coat of wax to the rapidly drying impressions in one operation, 
by coupling the printing press and the appliance for waxing. On passing 
the fresh print through a bath of melted paraffin, the dyes are fixed to 
the paper and coated with wax, thus preventing bleeding while the wrap¬ 
per is being used. The solvents are evaporated quickly by the heat of 
the melted wax.'*® A typical formula of transparent aniline ink for print¬ 
ing on Cellophane consists of 44 per cent methylated spirits, 10 per cent 
dye, 44 per cent clear white shellac and 2 per cent glacial acetic acid.®® 
Aniline colors are used in printing decorations or advertisements on blot¬ 
ting paper.®^ For printing on wet lumber a water-soluble aniline color 
is dissolved in glycerol and vinegar and mixed with a paste of water and 
starch.®^ On paper bags for cement and lime, alkali-fast aniline inks are 
used.®® A stenciling ink consists of 1 per cent of a basic aniline dye, 5 
to 10 per cent of acetic acid, 0.5 per eent of tartaric acid, 5 per cent of 
tannin, and sufficient aqueous emulsion of gum tragacanth to give the 
mixture a syrupy consistency.®^ 

The use of aniline printing inks is reported ®® to diminish difficulties 
connected with drying of the printed films, such as ^^olTsetting^^ and 
^^slipsheeting’^ of printed sheets. These problems often are acute when 
printing with oil inks. The dried film of aniline ink is odorless. The 
wrappers (paper or rdlophane) are printed mostly by the rotary prin¬ 
ciple. Tlie rapid drying of the inks permits printing and folding in one 
operation. Printing machines using aniline inks are high-speed roll or 
web-fed rotary presses specially designed for highly fluid and volatile 
spirit inks, printing usually Irom rubber stereotype plates. These heaw, 
compact machines print from one to three colors in succession without 
apparent sticking or offsetting, although smearing is occasionally observed. 
As aniline inks do not require a complex inking system, the presses are of 
comparatively simple construction; therefore cleaning and changing of 
plates can be done quickly and easily. The eonstant addition of solvent 
(during printing) to replace the evaporated quantities and the use of 
expensive dyestuffs make the cost of aniline printing relatively high. Cov¬ 
ered ink ducts and distributing rolls may overcome these disadvantages.®" 

«n. Rolov, Am. Tvk Maker, 103S, 16 (6). 18. 
‘'«R. F. Snlade, Brit. Printer, 1936. 49 (201), 125; Rev. Paint, Colour, Varnish, 1036. 9, 400, 

Britisli P. 418,338, 1934, In Snrirlr ain'n Tinpriiurrios Is. ChainbrrU'iit, “K. T. T. O. P.”; Chern. 
Ahs., 1935. 29, 2375. 

li. A. Mi/cner, U. S. P. 1,930,178, Oct . 10, 1933, to ChicaRo Mill and Ltnnbor Corp.; Chem. Abs., 
1934, 28, 351. 

Deutsefirr Drurkrr, 1037, 44 (51S). 61; Rrr. Paint. CoJour, Vnrni:<h, 1938, 10, 23. 

MC. A. Pollow, U. S. P. 911,327. Feb. 2, 1909; Chem. Abs., 1909. 3, 1097. 
«L. M. Larsen and 1<\ A. Wevmoiilh. Am. Ink .Maker, 1937, 15 (9), 44; I'aint, Oil, Chcin. Rev., 

1937 , 99 (17), 20; Chem. Abs., 1937, 31, 7673. 
OffsettinK: sinoarinR of fre.shly printed ink wlien Ibe sheets are plaeo<l on top of each other. 
Slipsheet: a sheet nf paper plare<l betaveen fic'^hlv printed .^heet'^ tn p’e\iMit nffsettinc. 

WA. McNeil, Am. Ink Maker, 1935, 13 (10). 15; Chem. Abs., 1936, 30, 306; Rev. Paint, Colour, 
Varnish, 1935, 8, 516. 
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Aniline inks are now used with success on nickel-faced copper-elcfctro 
plates, nickel-type and nickel-plated stereotype plates, rubber stereotype 
and engraved (hand cut) rubber plates, on line engravings and zinc etch¬ 
ings. Coarse screen, deep-etched half-tones have been printed with some 
success. Rubber stereotype printing is reported to be useful in printing 
with aniline inks from type faces as small as five point. The plates are 
made by pressing together a cast metal mold and a thick sheet of plastic 
rubber by a hydraulic press, then vulcanizing the rubber plate.®® Surveys 
show that 95-97 per cent of the products of the bag and envelope industries 
are now being printed from molded rubber plates.®® Aniline inks printed 
from rubber types also are employed in veining of paper and for folding 
cartons. Rubber cliches (f.c., stereotype plates) are reported to have been 
produced with extremely fine screens.^® According to Haegens their 
low viscosity not being advantageous for clear-cut prints, aniline inks 
should be printed from rubber plates only.®- Although such inks are easily 
blcachable, they are not sufficiently economical for news printing.®® 

Metallic Pigment Inks 

Metallic inks, which include inks containing metals as })igments in the 
form of a powder or a paste, were not used extensively before 1927. mostly 
because of lack of sufficient knowledge of the properties of metallic pig¬ 
ments. In 1928 aluminum was manufactured in the form of a powder of 
great fineness and good working qualities. Since then the use of aluminum 
in inks has increased greatly, particularly for booklet decorating and in 
advertisements in magazines and trade journals printed in metallic 
colors.®"* The reason for the extended application of metallic, especially 
aluminum, inks lies in their attractiveness and suitability for modernistic 
designs.®® Although these pigments have been known for a long time,®® 
their use was limited mainly to printing book coverings and similar pur¬ 
poses. This limitation was due, at least in part, to the fact that applica¬ 
tion of such inks required three steps, i.c., printing with an adhesive liquid 
composition, applying metal pc)wder or foil, and removing the excess foil 
or pow’der. One development involved preparation of inks which con¬ 
tained metallic pigments and could be applied in a one-stage operation. 
An example of such a composition consists of metallic powTler mixed with 

“ A. McNeil, loc. cit. 
w Am. Ink Maker, 1938, 16 (6). 21. 
** H. lladert, Farben-Zto-, 1935, 6 (1), 11; Chvm. Abs., 1935 , 29, 3536; Rev. rnint. Colour, Var¬ 

nish, 1935, 8, 25. 
O. Haegens, Papier-Ztg., 1935, 60. 606 . 624; Chem. Zentr., 1935, 106 (2), 763 ; Rev. Paint, Colour, 

Varnish, 1935, 8, 401; Brit. Chem, Aos. B, 1935 , 831. Cf. Hartmann, Klimehs. Druck. Amgr., 1936 
(52), June 30; Rev. Paint, Colour, Varnish, 1937, 10, 260. 

** For a discussion of the properties required of ink.** for printing from rubber n1atc.s, .see J. D. 
Cohen. Paper and Print, 1937, Spring, 22; Rev. Paint, Colour, Varnish, 1937, 10, 280. 

^ See Chapter 8. 
^ F. C. Arthur, Am. Ink Maker, 1936, 14 (6), 23; Rev. Paint, Colour, Varnish, 1936, 9, 241 ; Chem. 

Abs., 1936, 30, 5818. 
^.I. H. Meyer, Am. Ink Maker, 1931, 9 (7), 21; Rev. Paint, Colour, Varnish, 1931, 4, 208; Chem. 

Abs., 1931. 25, 6582. For descriptive history and «IevcIopinent.s of metallic inks, .see Brit. Printer, 
1938, 50 ( 298). 186; Rev. Paint, Colour, Varnish, 1938, 11 (61), 23; Paper Making and the Printer, 
1937, Autumn, 15. 

"•For example, D. McKeller fU. 8. P. 87,350, Mar. 2, 1869) suggested bronze powder ns a pigment 
in compositions from printing designs on the toes and heels of boots. 
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i of its weight of a grease, e.g., lard, free from water. The mixture then 
was thickened to a stiff paste or ink (for use on rollers) with gold size and 
varnish.®^ Another ink containing metallic powder and applied in one 
operation, known as ''direct-or,'^ was made up by mixing gold or bronze 
powder with coconut oil, palm oil, laurel oil, copal varnish and dammar.®^ 

A somewhat different use of metal powder is a method of Renault 
for the copying of drawings. The drawing, made in a slightly sticky ink 
upon which a metallic powder is superimposed, is laid on a sheet of sensi¬ 
tized paper. By the action of the metal powder the lines of the design 
are developed on the sensitive layer. The copying process may be 
repeated several times by moistening the dried ink of the original with 
alcoholic vapors and renewing the metal powder. 

The successful application of metallic pigments depends upon the 
kind of paper used and character of the design. Since almost any paper 
requires an ink of individual composition, it is advisable to make experi¬ 
mental prints to find out the treatment that produces the most satisfactory 
results.The smoother the surface of the paper, the better the prints 
obtained with resi)ect to brilliancy, uniformity and drying properties. 
Finely coated paper stocks will usually give excellent effects with the 
metallic ink, but dull-coated, cover, offset or antique papers require 
sizing or coating with a base before applying the metal.'^^ 

Difficulties and subsequent investigations in printing of chocolate 
wrappers revealed that many types of papers are not suitable for metallic 
pigments. All papers to be printed with metallic colors should be tested 
for sizing. A properly sized i)aper will not pick when pressed with a wet 
finger, and ink lines (which may be drawn in gold size) will not penetrate 
the paper, but dry slowly. The surface of fancy papers and cardboards is 
sometimes too loose for receiving a metallic impression, and therefore 
seals or labels, containing the printed portion, are pasted on the paper. 
Gummed seals are usually unsuitable, since the amount of glue on these 
seals is insufficient for a very absorbent surface. Duplex folding box 
boards are often too low-sized; therefore it is better to print on special 
box tops suitable for metallic printing and fasten them on the boxes.’^'^ 
Papers containing wood or cellulose must be free from sulphur (present 
as sulphite) to prevent reaction with the metal when the prints are heated. 
C'alendered paper usually requires a first print of size, varnish or lacquer 
(with an addition of some white ])igment in the case of colored papers) 

G. Prif'stlov nixl E. Swann, P. 955, 1895; 1895, 14, 373. 
K. Mnitn*.'Brilish P. 30,121. 1896; 1898, 17, 55. 
n. Ronault, Compt. rend., 1872. 14, 1412; Chem. Zentr., 1872, 3, 473. 
For discn.ssions of tho uso of motnllic ink.s, soe J. Maff, Am. Ink Maker, 1931. 9 (11), 25; Uev. 

Paint, Colour, Varnish, 1931, 4, 288; Am. Ink Maker, 1931, 9 (12), 13; Rev. Paint, Colour, Varnish, 
1932, 5, 25. II. Bloy, Paper and Print, 1938, 11 (44), 234; Rev. Paint, Colour, Varnish, 1939, 12, 19. 
Printino Equipment Enqineer, 1939, 17; Rev. Paint, Colour, Varnish, 1939. 12, 180. 

Offset paper is n variety of printiriR paper e.speciaUv sized for offset lithography, is non-curling 
and ah.sorpti\’(*. Antique papers are obtainecl from a soft bulky pulp or .soft rag.s; their finish does 
not involve inachine calendering {Paper, 1924, 33 (26). 66). 

IT. >lever. Am. Ink Maker, i931, 9 (7), 21; Rev. Paint, Colour, Varnish, 1931, 4, 208; Chem. 
Abs., 1931. 25,'5582. 

H. Holder, Mod. Lith. and Offset Printer, 1933, 29 (1), 3; Rev. Paint, Colour, Varnish, 
1933, 6, 36. 
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to receive the metallic powder. Wax-coated papers of loose structure take 
metallic prints, but do not hold a printed metallic effect very satisfac¬ 
torily.'^^ Cellophane may be printed first with an adhesive such as a 
sizing, then the bronze (or other) pow'der is applied, the excess removed, 
and a thin, transparent coat of a waterproof lacquer applied to the print 
and also to the opposite side of the Celloplmnc. Finally the elements of 
the design are printed complementarily on the opposite side on top of the 
waterproofing composition.’^® For printing Cellophane the inks employed 
should be of the quick-drying type or of a composition which allows rapid 
resinification of the surface of the ink film.'^^® 

Sizing and Pre-printing of the Paper with Varnish. Tn early methods 
of applying metal powders the design is first printed in ink or size and the 
metal dusted upon it with a soft material such as cotton or sheepskin. The 
first print (a gold size) is made either with colored or with white ink, the 
latter avoiding the possibility of showing through the metallic film. The 
size is applied to glossy papers by running them through the press in the 
usual way. The size for colored surfaces should contain a small amount 
of white pigment to provide opacity. Antique papers should receive a 
double coat of size; the first contains white pigment and is dried thor¬ 
oughly before printing the second coat, to which, when dried to sufficient 
tackiness, the metallic powder is applied.’^’^ 

The pre-print for gold-bronze contains a yellow lacquer, for silver- 
bronze a mixture of zinc white and a blue lacquer. The use of chrome 
yellow is not recommended, as it contains lead which would tend to tint 
the finished prints black."^® To insure an adhesive and tacky film, upon 
which metallic powder can be successfully applied, copal varnish and drier 
may be added to the lacquersThe drier must be free from fats as 
otherwise it would penetrate the paper, causing fatty spots. Picking of 
the gold size can be averted by adding a few drops of unboiled linseed 
oil and a very small proportion of varnish consisting of boiled linseed 
oil admixed with wax.®^ An adhesive for bronze powder is made by 
incomplete fermentation of dextrin and glucose with yeast at approxi¬ 
mately 24® C. and incorporation of hydrogen or sodium peroxide and 
a small amount of an aqueous castor oil emulsion. A conserving agent 
such as sodium benzoate may also be added.®^ 

A metallic coating with a mirror-like surface may be prepared by 
depositing on a paper base 0.4 to 2 oz. per square yard of a composition 

H. Hadert, ‘mandbiich fiber die Horatellune und Verwondunp dor Drurkfarbon,” O. Klsnor Vor- 
lagsges, Berlin, 1031; Farben-Chem., lOS.?, 6, 87; Chem. Ab^., 1935, 29, 5680; Rev. Paint, Colour, 
Vamith, 1935, 8, 109. 
™P. X. Malocsay, U. S. P. 1,969,569, Aug. 7, 1934, to Consolidatod Intornational Corp.; Chem. 

Abi., 1934. 28, 6309. 
w H. Hadert, loc. cit. 
^D. H. Caldwell, Times Trade and Eng., 1937, 40 ( 877). special supplomont “Aluminum and Its 

Applications,“ XLIV; Rev. Paint, Colour, Varnish. 19.37, 10, 174. Roe Krug, R.. Papier-Ztu., 1936, 
61 (93), 1763; Parben-Chem., 1936, 7 (12), 4.59; Rev. Paint, Colour, Varnish, 1937, 10, 24. 

^ H. Hadert, loc. cit. 
'*• H. Hadert, loc. cit. 
■®R. Holder, Mod. Lith. and Offset Printer, 193.3, 29 (1), 3; Rev. Paint, Colour, Varnish, 

1933, 6, 86. 
«R. Wolffram, German P. 515,.522, 1929; Chem. Abs., 1931, 25, 2.531. 
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containing 43.8 per cent of a polyhydric alcohol-polybasic resin modified 
by tung oil and linseed oil, 53.5 per cent of a mixture of mineral thinner 
and high-flash naphtha, and the remainder a drier solution,®^ The 
paper is then passed through a 72-foot drying oven at about 200® F. at 
the rate of 5 yards per minute. A metal coating made up of a powder, 
the individual particles of which have light-reflecting faces, is put on 
the paper and the non-adhering particles dusted off. The remaining 
particles are oriented to bring the light-reflecting surfaces parallel to the 
surface of the coating. The article is then heated to harden the coating. 

Metal Powders and Pastes. Aluminum powder is made of the com¬ 
mercial metal by a stamping procedure. The particles are polished or 
unpolished flakes, not granules. Instead of dusting the powder on a 
tacky surface, it is now usually incorporated in a printing ink as a pig¬ 
ment and applied by regular printing operations. The phenomenon 
known as “leafing’’ gives the metallic film its smoothness and brilliancy. 
Leafing is produced by the flakes which, when admixed with varnish, 
rise to the surface and form a continuous film resembling the arrange¬ 
ment of fallen leaves.®'^ Ry later processes the number of flakes per 
unit of weight has been nearly doubled. The film of the fine flakes has 
a high hiding power. High gloss of the metal produces a striking con¬ 
trast to surrounding areas, especially with red, blue or green color and 
also with black. Aluminum-printed solid areas show the highest effects. 
The brightest impressions are made with inks wdiich have stood for one 
or two days after mixing. 

Finer grades of aluminum bronze pigments are known as Extra Fine 
Lining, in paste or powder form.®'* Of the powder, 99 per cent should 
pass through a screen of 325 meshes per square inch and 95 per cent 
through one of 400 meshes.®'' Coarser grades of aluminum bronze powder 
arc reported to be lacking in covering power, when used in printing 
antique-finished or colored paper.®® 

In paste form, aluminum bronze pigments are reported to eliminate 
some troubles experienced with inks made with powdered metal. Such 
difficulties are, for example, their lack of standing ability and their 
thickening or solidifying on printing rollers or plates. Other advan¬ 
tageous properties of i^aste pigments are good spreading, high gloss and 
covering power. Inks made with paste pigment give satisfactory results 
when printed on colored or antique papers, owing to the high opacity 
of this pigment. Also, fewer wash-ups of the press arc necessary.®’^ 

™ D. McBumev and K. H. Nollau, Canadian P. 361,667, 1936, to Canadian Industries, Lid.; Rev. 
Paint, Colour, Vdrni!<h, 1037, 10, 228; Chem. Abs,, 1937, 31, 1529. 

w*!. H. Meyer, Am. Ink Maker, 1931, 9 (7). 21; Chem. Abs., 1931, 25, 5582; Rev. Paint, Colour, 
Varnish, 1931, 4, 208. For manufacture, properties and uses (descriptive) of aluminum paste pigment, 
see J. K. Parkinson, Oil Colour Trades J., 1938, 93, No. 2059, 962. 

MF. C. Arthur, Am. Ink Maker, 1936, 14 (6), 23; Chem. Abs., 1936, 30, 5818; Rev. Paint, Colour, 
Varnish, 1936, 9, 241. 

• J. H. Meyer, loc. cit. 
“D. IT. Caldwell, Times Trade and Ena., 1937, 40 (877>, spi'cinl supplement: “Aluminum and Its 

Applications,’* p. XT/IV; Rev. Paint, Colour, Varni.^h, 1937, 10, 774. vS<»p F. C. Arthur and J. B. 
Barnitt, U. S. P. 2.125,870, Aug. 9, 1938, to Aluminum Co, of America; Chem. Abs., 1938, 32, 7399. 

^ D, H. Caldwell, loc. eit. 
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Silver or aluminum bronze consists of finely ground sheet aluminum; 
so-called gold bronzes are often made from copper or brass. Colored 
bronzes are made either by heating these metals or by coloring of the 
powders. Aluminum powder is said to give better results because it is 
softer than copper or brass. Though cheap bronzes often have a good 
appearance, they must be used in a greater quantity than other more 
costly materials. Waste metal powder can be reworked on a machine 
specially constructed for this purpose.®® 

According to Hadert bronze powder ground into a varnish and the 
mixture incorporated with a thinner is applicable for printing large letters 
on matte papers as well as for printing on packages, cigarette boxes and 
chocolate wrappers. The effect of dusted bronze powder, however, is not 
nearly attained. 

The shining of spots of a white surface (provided the spots arc not 
too large) through aluminum flakes does not appreciably affect the gloss 
of the ink because white paper generally has a high power of reflection. 
Colored papers must be completely covered by the metal flakes, other¬ 
wise the metallic print would appear as if discolored 

An ink used for label printing consists of gold bronze powder and 
chrome yellow in a vehicle of crcsylic acid, sulphuric acid, borax, flour, 
varnish and water.®^ 

The metallic pigment should be applied to the gold size as soon as 
the latter is printed. The powder used should not be too soft.®^ 

Vehicles for Metallic Inks. Proper formulation of the varnish is 
essential to obtain good ^deafing^^ of the ink, and its most important 
characteristics are consistency and drying ratio. As varnish bases, 
linseed oil, tung oil and (more recently) perilla oil arc used. Kettle¬ 
bodied linseed oil finds wide application, but tung oil and perilla oil are 
now preferred because they yield a smoother film than linseed oil. 
Binders such as gums, natural or synthetic resins or rosin oil, and metallic 
driers such as lead, manganese or cobalt salts are incorporated into the 
drying oil to form a varnish. When the aluminum paste is mixed with 
a thinner, care should be taken that the tliinner is compatible with the 
varnish, otherwise difficulties during the jirinting operation may arise. 
Kerosene, gasoline or amyl acetate, often employed as thinners, should 
be used only when their effect on other agents in the ink is known.®® 

^ Machinery for the production of bronze and other metallic powder Krnmmer, U. S. P. 
2.112,497, March 29, 1938, to Hartstoff Mctall A.-G. "HametaR”) is def^cribed in Am. Ink Maker, 
1938, 16 (5), 37. An apparatus to rework waste metal powder is described V)v Hadert, /or. cit. For 
a discussion of pigment combinations to obtain gold, silver, and copper effects, see T.,ange, Knrton- 
nagen-u.-Papierwaren-Ztg., 1930, 40 (43), 461; Farben-Chem., 1936 , 7 (11), 420; Rev, Paint, Colour, 
Varnish, 1936 , 9, 377. 

H. Hadert, “Handbuch tiber die Herstellunir und VerwenflunR der DrucVfarben,” O, Eisner Ver- 
lag, Berlin, 1931; Farhen-Chem., 1935, 6, 87; Chem, Ahs., 1935, 29, 5680; Rev. Pah\t, Colour, Var¬ 
nish, 1935. 8, 109. Also see Keller, Papier-Ztg., 1937, 62 (94), 1632; Rev. Paint, Colour, Varnish, 
1938, 11, 109. 

H. H.'idert, lor. r.it. 
»'M. Baer, British P. 346,313, 1929; Chem. Ahs., 1933 , 27, 1529. U. S. P. 1,918.829, .Tuly 18, 1933; 

Chem. Ahs., 1933 , 27, 4942. 
R. Holder, Mod. Lith. and Offset Printer, 1933 , 29 (1), 3; Rev. Paint, Colour, Varnish, 

1933, 6, 36. 
F. C. Arthur, Am. Ink Maker, 1936, 14 (6), 23; Chem. Abs., 1930 , 30, 5818; Rev. Paint, Colour, 

Varnish, 1936, 9, 241. 
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A thickened linseed oil varnish is applicable without adding a drier. 
Quickly-evaporating thinncrs may be incorporated. A copal-linseed oil 
varnish is obtained by boiling 12 parts copal resin with 25 to 30 parts 
of linseed oil varnish and thinning this mixture with 6 to 8 parts of oil 
of turpentine. Hadert states that although fair smoothness of the ink 
may be insured by using tung oil in the varnish, the exclusive use of 
this oil as a varnish base is often unnecessary. When using metal powder, 
the particular proportion of powder and varnish is left to the choice of 
the printer. The ink should always run as thin as possible for uniform 
covering. If the ink collects on plates and rollers after running a short 
time, it means that too much powder is present, and varnish should be 
added. Only a minimum amount of ink should be made up at a time 
and kept stirred uf) in the inkwell.^® 

The use of China Wood, or tung, oil in metallic inks improves many 
of their qualities, such as gloss and covering power, for example. When 
it was found that linseed oil was not satisfactory in earlier stages of 
metallic ink production, asphalts dissolved in drying oils and thinned 
with turpentine were used to fill up the pores of the paper and so develop 
brilliancy of the overlying layer of bronze powder. Occasionally wax 
was incorporated together with Canada balsam or Venice turpentine, 
but neither of these varnishes had the desired covering power. A bronze 
ink having a tung oil vehicle is reported to have been first produced 
in 1928. 

Wax is added to an ink to increase its covering power, though by so 
doing the brilliancy of the dried ink films decreases in proportion to the 
amount of wax. Tung oil has proved a good substitute for wax as to 
covering power, gloss and adhesion, and it can be boiled to almost any 
consistency and even gelatinized or hardened. In the latter forms it is 
used in varnishes as a wax substitute. It is reported that gelatinized 
tung oil can be dispersed in varnishes, similarly to wax. A varnish of 
this tvpe includes 6 parts of tung oil which, after being heated to 270° C., 
is chilled with 4 parts of linseed oil. This mixture is incorporated with 
finelv divided gelatinized tung oil and subsequently thinned with 4 parts 
of oil of turpentine. The gloss of an ink prepared with such a vehicle 
is stated to be very high.^® 

Extensive use has been made of waste rubber, especially from old 
automobile tires, as a fixing agent or binder for metallic inks. Enough 
fresh rubber is added to the waste to impart stability to the product, 
which is dissolved in a mixture of camphor oil and naphtha at a tem¬ 
perature high enough to produce a liquid state. The bodying agent thus 
prepared is dissolved in copal varnish, prepared metal powder is added 
and the whole is thoroughly mixed. This ink is used for printing cloth 
to be used for wall covering. Any tendency toward gumminess on the 

H. Iladert, loc. cit. 

T. Rhodes, Brit. Printer, 1936, 49 (201), 109; liev. Point, Colour. Varnish, 1936. 9, 877. 
C. Eckmann, Farhen-^Chem., 1935 , 6, 295; Chem. Abs., 1936 , 30. 2409. 
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printed fabric is obviated by running the cloth over hot metal cylinders 
to set the varnish.®'^ 

Application of ink to book coverings by means of a heated die often 
avoids the use of acidic vehicles and resins which might tend to corrode 
the metal powder. A non-corrosive, but rather expensive vehicle may 
be formed by thickening terpineol (80 to 90 per cent) with ester gum 
(10 to 20 per cent). Fine lining powder of any pigment metal may be 
incorporated.®® Another non-corroding composition, also of too high 
cost for extensive commercial use, includes a solvent boiling at the 
stamping temperature of 200° C. or above, such as terpineol or benzyl 
alcohol, a dissolved resin and dispersed bronze powder. Ordinary rosin 
may be employed for thickening.®® 

A thickening agent is reported to be made up by heating together 400 
grams of water and 500 grams of glue and adding 100 grams of either 
resorcinol or phenol and allowing the mixture to cool.'*®® This composi¬ 
tion may be included in a printing paste consisting of 250 grams of 
Schlenk^s ''Hochglanzgold,^^ 500 grams of the thickener, 75 cc. of formal¬ 
dehyde (11° Be.) and 75 cc. of 25-per cent ammonium hydroxide. 

A non-tarnishing ink consists of bronze powder, terpineol and a resin. 
The ink may be used in stamping book covers and the printed film after¬ 
wards coated with nitrocellulose.''®^ Aromatic esters boiling between 
200 and 300° C., such as torpinyl acetate, ethyl benzoate or mixtures of 
these, although expensive materials, may serve as solvents. Thickening 
agents such as colophony, dammar, copal, Burgundy pitch, Canada bal¬ 
sam or their mixtures can be incorporated in the solvent and the metal 
powder added. The resulting ink is applied to bookbindings or labels 
by heated stamps.^®- As a binder coumaronc resin can be used wdth 
rosin oil, the latter rendering the resin more plastic. An ink composi¬ 
tion, for example, applicable for stamping book covers and labels in 
metallic print, consists of 2.25 parts of bronze powder incorporated in a 
vehicle containing 16 per cent coumaronc resin dissolved in 79.8 per cent 
terpineol and 4.2 per cent rosin oil. One-third by weight of this mixture 
is added to two-thirds of bronze powder, producing an ink of pasty or 
semi-liquid consistency.'®® 

Another composition for a vehicle for metallic ink includes various 
other resins, such as paracoumarone, para-indene, and benzofuranc. 

WG. Rice, nnhber Aqe. N. Y., 1931, 28, 611; Chrm. Ahn., 1931. 25, 2596. 
WW. J. McElrov anrl .T. Harke, U. S. P, 1,489,356 and 1,489,357, April 8, 1934, to Alchemic Gold 

Co.. Inc.; Chem, Ahs,, 1934, 28, 1916. 
«»H. W. Doughty, U. S. P. 1,439,695 and 1,439,696, Dec. 26, 1922; Chem. 1923, 17, 1157. 

Martin Battegav, Report on Srnled Letter No. 12S7, Sept. 7, 1901, Bull. f^nr. ind. Mulhowe, 83, 
56; Chem. Ahs., 1913, 7, 2119. It i.s pointed out that the inventor, Joseph Stephen, has unknowingly 
created conditions in his procedure which produce the renin Bakelite. 

101 W. F. Smith, U. S. P. 1,752,462, Apr. 1, 1930, to Kingsport Press, Inc.; Chem. Ahn., 1930, 
24, 2622. 

W, J. Mellersh-.Tnekson, Briti.sh P. 199,923, 1922, to Alchemic Gold Co., Inc.; Chem. Aba., 1924, 
18, 336; J.S.C.I., 1923, 42, 841A. 

iMW. J. McElrov and J. Clarke, XT. S. P. 1.450.692, April 3, 1923; Chem. Aha., 1923, 17, 1896; 
British P. 198.308, 1923; Brit. Chem. Aba. B, 1923, 731; Chem. Aba., 1923, 17, 3737; both to Alchemic 
Gold Co., Inc. 
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The recipe calls for 70 per cent of a carrier (benzene or toluene), 20 per 
cent of a fixative agent (one of the above resins) and 10 per cent of a 
neutralizing fixative agent, for which stearic acid is employed. The pro¬ 
portions of the various constituents may be varied to suit special cir¬ 
cumstances.^®^ 

Klein suggests heating a mixture of animal fat, oil and wool wax 
to a temperature of about 400"^ C., cooling the mass, and again sub¬ 
jecting it to a heating operation. In this manner there is eliminated any 
glycerol or acrolein (resulting from decomposition of the fats), and a 
viscous liquid is secured which is reported to be insoluble in water or 
alcohol. The product then is filtered and admixed with a metallic pig¬ 
ment and a drier, e.g.^ manganese borate. Such compositions are reported 
to be particularly applicable for printing trade-marks on cigars. 

In printing tin plates with aluminum pigment the latter is stirred 
into a nitrocellulose lacquer the solvent of which is a mixture of alcohol, 
phthalic dibutyl ether and ethylene glycol monocthyl cther.^®® Metallic 
powder such as aluminum bronze, silver, or gold powder incorporated in 
camphor oil or China Wood oil containing gum dammar is used in print¬ 
ing upon leather or analogous material used in making shoes. For mak¬ 
ing purple impressions a solution of a purple aniline dye is added to the 
ink.^®*^ 

It has been found possible to obtain various color effects by tinting 
aluminum inks with strong toning pigments or oil-soluble dyestuffs. The 
depth of tone determines the amount of pigment used, but in no case 
should enough pigment be incorporated to destroy the “leafing^^ effect 
of the aluminum particles. When these dyes are used, it is necessary to 
add a considerable amount of cobalt drier to overcome the non-drying 
nature of the pigments.^®® 

For materials which cannot be printed with inks containing drying 
oils the metallic powder (aluminum, copper or brass) is suspended in 
glue, gelatin or similar pastes. As fixing agents for the dried prints, 
albumin, casein, natural or synthetic rubber, cellulose or cellulose esters 
may be used. The ink is applied to textiles, e.g., to cotton or rayon, and 
after drying, the printed material is subjected to pressure by passing it 
between rollers.^®® In printing metallic colors from rubber cylinders, 
highly viscous inks are used containing, as a binder for bronze powders, 
ethyl alcohol solutions of polymerized products of aliphatic vinyl com¬ 
pounds, such as vinyl esters (e.g., acetate), ethers (c.g., vinyl methyl 
ether), esters of acrylic acid (e.g., ethyl acrylate) and also condensation 
products of polymerized vinyl alcohol with acetaldehyde. To increase 

10* J. G. Shilvock, U.S. P. 1,411,673, April 4, 1922 ; C/iem. Ah^., 1922, 16, 2035. 

108 E. Klein, O. S. P. 811,156, Jan. 15, 1907; J.S.C.L, 1907, 26, 421. 
108 British P. 318,567, 1929, to I. G. Farbcnind. A.-G.; Chcin. Abs., 1930, 24, 2316; Brit. Cliem. 

B, 1929, 1047; lUv. Paint, Colour, Varnish, 1929, 2, 331. 
101 F. A. Putmiin, U. S. P. 1,203,779, Nov. 7, 1916; Chem. Abs., 1917, 11, 104. 

108 Xm. Ink Maker, 1938, 16 (1), 23; Rev. Paint, Colour, Varnish, 1938, 11, 107. 
loop. Bcllocour, Industrie Textile, 1937, 54, 298; J. Text. Inst., 1937, 28, 556A; Rubber Res. Abs., 

1937, 15 (12), 795; Rev. Paint, Colour, Varnish, 1938, 11, 108. 
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the flexibility of inks and obtain uniform prints, small amounts, accord¬ 
ing to requirements, of glycerol, tannin, ethylene glycol monoetliyl ether 
(“Cellosolve^’) or its acetate are incorporated in the solution.* 

Driers are added to the ink so that the varnish will not penetrate 
and be absorbed by the paper, leaving the metal pigment lying loose 
on the surface. The period of drying on the paper is, however, not 
influenced by large quantities of drier, though an excess of the latter 
may cause drying or ‘‘caking’' on rollers and plates. The correct drying 
operation leaves a clean, hard film with metal particles tightly held 
together. Too much drier loosens the contact of particles in the film, 
and the softening which results makes rubbing off easily possible.^** 
The drier should be added to the varnish before mixing the latter with 
the metallic pigment, otherwise the print will tend to offset at various 
spots, on account of inhomogeneity in drier concentration. Lead driers 
should be avoided because they may dull the color and gloss and decrease 
the keeping quality of the ink; commonly the linoleates of cobalt or 
manganese are used.^^^ 

When the ink, because of too great drier content, dries on the press 
but otherwise works satisfactorily, an addition of about J oz. of glycerol 
per pound of ink will usually retard drying. To prevent rubbing off 
after setting overnight or filling up fine lines in the design, 1 oz. of a gum 
(for purposes of bodying) per pound of ink may be added.**’* 

When printing ink of the ordinary type is superimposed upon a metallic 
ink film, care should be taken to include the same drying oil, for instance, 
tung oil, in both vehicles.**^ Large continuous areas of a metallic film 
do not furnish a very adhesive base for overprinting, and the second 
coat is easily rubbed off. When a subsequent printing is done on a 
metallic surface, the material of the second coat should contain only fine 
lines or ordinary type faces without extensive solid areas to insure better 
adhesion.*^® The superior effect of a design of this type due to the high 
reflective power of the metallic film warrants its use in spite of the long 
drying period required and the numerous other difficulties encountered. 

If the design requires printing of fine lines and small types, the ink is 
apt to “creep” beyond the limits of the design. To avoid this, there 
should be (as a rule) a minimum space of inch between elements of 
the design. Also, plates should be cut away sufficiently deep at the edges 
to prevent filling up of areas not belonging to the design. 

If the surface to be printed upon is dull-coated or an antique paper, 
a base is required under the metal pigment. However, one of the other 

British P. 426,805, 1935, to I. G. Farbenind. A.-G.; Chem. Abs., 1935, 29, 6082; Brit. Chem. 
Ab$, B, 19M, 511. German P. 619,501, 1935, to I. G. Farbenind. A.-G.; Chem. Aba., 1936, 30, 1595. 
French P. 774,851, 1934, to I. G. Farbenind. A.-G.; Chem. Abs., 1935, 29, 2265. 

J. H. Meyer, Am. Ink Maker, 1931, 9 (7), 21; Chem. Aba., 1931, 25, 5582; Rev. Paint, Colour, 
Vamiah, 1931, 4, 208. 

1** F. C. Arthur, Am. Ink Maker, 1936, 14 (6), 23; Chem. Aba., 1936, 30, 5818; Rev. Paint, Colour, 
Varnish. 1936, 9, 241. 

E. J. Rhodes, Brit. Printer, 1936, 49 (291), 109; Rev. Paint, Colour, Varnish, 1936 , 8, 377. 
E. J. Rhodes, loc. cit. 
J. H. Meyer, loe. cit. 
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colors desired in the print can be applied as a base to save one impression 
time. For this type of operation colors of light tints are more suitable 
than dark ones. However, under certain conditions dark colors, even 
black, have been used successfully.^^® The base print should be over¬ 
printed before it is dry.^^*^ Very pleasing effects are obtained by printing 
a double coat of aluminum ink.^^® 

Every ingredient of the ink must be carefully weighed before mixing. 
In making an ink, first a sufficient amount of varnish is added to the 
weighed pigment to produce a fluid paste, then the remainder of the 
varnish is added in small portions and mixed, with minimum stirring 
and without grinding the pigment. The metal flakes are wetted more 
easily and uniformly when this procedure is adopted than when the var¬ 
nish is added in bulk. If a thinner is to be incorporated in the ink com¬ 
position, the pigment should be wetted with such a liquid before admixing 
with the varnish. 

The amount of pigment should be about 20-30 per cent of the ink by 
weight, but this proportion may be widely varied according to the quality 
of pigment, the consistency of the ink, the type of material to be printed, 
and the press, A single-sized paper requires an ink containing 20-25 per 
cent pigment, but for good coverage only 15 per cent is necessary on 
double-sized paper.In the case of high-speed presses, the powder in 
the ink may be 30-40 per cent for single-sized paper and only 20 per cent 
by weight for double-sized paper. It is reported that, within limits, 
thinning the varnish increases its pigment-binding capacity. 

Metallic pigment inks can be printed on flat-bed, semi-rotary or 
high-speed rotary presses. Care should be taken to avoid formation of 
ink film on the transfer rolls and filling up of impression plates. 

Printing on a cylinder press requires more attention than on a job 
press, because the transfer of ink from fountain to plates is more com¬ 
plicated, and the ink has more opportunity to dry. Excess pressure on 
the transfer rolls and on the plates causes the vehicle to separate from 
the pigment and forces it to the edges of plates or types. More ink can 
be used and consequently brighter impressions secured on a job press.'-® 
The advantage of etching plates somewhat deeper than in ordinary 
printing was early recognized.'-' Distribution of ink should be carefully 
controlled and must not be pressed to capacity of the inking system.'-- 

When printing by offset,'^® one of the colors can be printed over the 
areas where the (gold) bronze will be printed. The gold size printed 
on this color will hold better than if applied directly to the paper. As 

J. H. Moyor, loc. rit. 
E. J. Rhodes, loc. cit. 
H. Hadert, “Handbuch iiber die Herstellung und Verwendung der Druckfarbon,” 2nd ed., Ber¬ 

lin, O. Eisner Verlagsgesellschaft m. b. H., 1931. 
F. C. Arthur, Am. Ink Maker, 1936, 14 (6), 23; Chem. Abs., 1936, 30, 5818; Rev. Paint, Colour, 

Varyni^h, 1936 , 9. 241. 
1"° J. H. Meyer, Am, Ink Maker, 1931, 9 (7), 21; Chem. Abs., 1931, 25, 5582; Rev. Paint, Colour, 

Varnish, 1931, 4, 208. 
^ F. C. Arthur, loc. cit. 
1“ E. J. Rhodes, Brit. Printer, 1936, 49 (291), 109; Rev. Paint, Colour, Varnish, 1938, 9, 377. 
1“ For discussion of offset printing see Chapter 9. 
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the metallic particles printed from rubber blankets may stick to colors 
printed from the same blanket, bronzing must be at the last phase of the 
work. For offset printing a rather soft bronze is to be used, which can 
be easily distributed on rubber rolls. A special offset gold size which 
requires no addition of linseed oil contains gold varnish and a printing 
tinctme.^^^ Troubles which may arise from offset printing can be avoided 
by using a platen machine instead of the former method. 

Automatic bronzing machines make possible control of waste powder 
and dissipation into the air, thus improving hygienical conditions in 
bronze printing.^^® 

The power of impression must be sufficiently great to press the metal 
powder into the gold size or the underlying coat of varnish, as otherwise 
the particles do not adhere firmly and rub off at the slightest touch. 
Calendering is generally not helpful here because the pre-print dries to a 
hard film usually before it reaches calendering rolls. As a consequence 
the particles cannot be forced deeper into the gold size.^-^ 

Offsetting of the finished prints can be prevented by passing the sheets 
over a row of gas flames which are in contact with the paper. Experiments 
to avoid offset have been made with ozone and ultraviolet radiation, but 
because of the complicated method of application and high expenses, 
apparently these methods as yet are not used commercially. On high¬ 
speed rotary presses a spray of wax will overcome a tendency to offset. 

Other precautions which can be taken to avoid offset are handling 
the sheets as little as possible, examination of the ink for uniform cover¬ 
age, and appropriate temperature of the pressroom, which should be 
about 80^ F. If despite these precautions offsetting cannot be prevented, 
the sheets are to be slip-sheeted,in which case kraft slip-sheets are 
especially useful.^^® 

Ink-transferring rolls should possess minimum tackiness to insure 
the deposit of a smooth, uniform film on the printing plates. The press 
machines in general must be cleaned frequently, not allowing ink accumu¬ 
lation on rollers, plates and etched parts of the plates, which causes 
spreading of ink around the limits of design. The latter effect gives rise 
to an irregular appearance of the prints and interferes with the register 
where the metallic print contacts other color lines and areas. 

Overprinting Varnishes and Protective Coatings 

Overprints are applied to increase attractiveness and durability of 
printed matter. Coverings of most magazines are overprinted, as well 

^ R. Holder, Mod. Lith. and Offset Printer, 1933 , 29 (1), 3; Rev. Paint, Colour, Varnish, 
1933, 6, 36. 

^D. H. Caldwell, Times Trade and Eng., 1937, 40 (877), special supplement, “Aluminum and Its 
Applications," XLIV; Rev. Paint, Colour, Varnish, 1937, 10, 174. 

“•H. Hadert, “Handbuch iiber die Ilerstellung und Verwendung der Druckfnrbcn,” 2nd ed., Ber¬ 
lin. O. Eisner Verlagsgesellschaft m. b. H., 1931. 

^ F. C. Arthur, loc. eit. 
“•For definition of slip-sheeting see the section in this chapter on aniline inks. 
“®E. J. Rhodes, loc. cit. 

J. H. Meyer, loc. cit. 
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as wrappers for a great variety of commercial articles, to prevent soiling 
and damaging of the prints by scratching and smearing,and to add a 
pleasing effect of brilliancy to the surface which is so treated. 

Strictly speaking, overprinting is the application of a varnish by 
means of typographic or lithographic printing processes to printed 
material, thus providing protection of the latter against damage. How¬ 
ever, the term overprinting is widely used for indicating the application 
of spirit label varnishes and lacquers, which are applied not by a print¬ 
ing process but by brushing, spraying or roller-coating.^^*"^ 

According to another classification one type of overprint varnish is 
that containing a volatile liquid such as methylated spirits or turpen¬ 
tine, while others contain non-volatile vehicles. The latter type is very 
conveniently printed by regular methods and is applicable upon colors 
which bleed in a methylated spirit varnish.^*^^ 

The manufacture of satisfactory overprint varnishes was made pos¬ 
sible by the development of synthetic resins which, when present in prod¬ 
ucts for overprints, impart to them desirable properties. Highly polym¬ 
erized, rosin-modified phenol formaldehyde resins may be employed 
with very good results. By reducing drying time of oils in the varnishes, 
penetration into the fibers and pores of paper is decreased, and conse¬ 
quently a relatively high gloss of the dried film is obtainable. The 
varnishes made with desirable synthetic resins yield hard and tough 
films and should be free from excessive tack, thereby avoiding troubles 
often encountered during and after printing, such as drying on the press 
or tendency to stick or offset of the printed sheets.^^'^ 

The practicability has been demonstrated of using gum dammar in 
making overprint varnishes for labels. Gum dammar has the desirable 
properties of being practically colorless and of causing almost negligible 
darkening upon drying. By an extended series of tests, it has been shown 
that excellent varnishes may be made if eertain precautions, such as oil 
length, drier content, and cooking temperature are observed. Tung oil, 
linseed oil, and 6-per cent cobalt drier w^ere used in the composition, the 
drying time of which ranged, depending upon the proportions of the 
ingredients used, from 2i hours to 24 hours. The inclusion of paraffin 
wax and kerosene improved the quality of the varnish considerably. 
Absolutely no after tack develops if a good drying oil is used.^“® 

On the other hand, varnishes of too little tackiness or too slight body 
are not desirable, being the cause of slipping or sliding of rollers, thus 
hindering proper distribution of the varnish. Furthermore, gloss may 
be destroyed by absorption of varnish by the paper to which it is applied. 

F. H. Kelson, Am. Ink Maker, 1936, 14 (5), 51; Chem. Abs., 1937, 31, 4142; Rev. Paint, Colour, 
Varnish, 1936, 9, 242. 

182 Typographic and lithographic printing are discussed in Chapter 7 and Chapter 9, respectively. 
1** F. H. Kelson, loc. cit. H. B. Hillman, Inland Printer, Feb. 1938, 64; Rev. Paint, Colour, Var¬ 

nish, 1938, 11, 108. 
J. D. Cohen, Brit. Printer, 1934, 47 (278), 79; Rev. Paint, Colour, Varnish, 1934, 7, 376. 
F. H. Kelson, loc. cit. 

i*®C. L. Mantell and A. Skett, Paint, Oil, Chem. Rev., 1939, 101 (4), 7; Am. Ink Maker, 1939, 
17 (3), 41. 
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The desired synthetic resin is dissolved in a drying oil, which is 
selected in accordance with the type of press and grade and weight of 
the stock used. The oil should be processed carefully, since upon it 
depend most of the working qualities of the varnisli. A proper oil, being 
of light color, rapid drying and low penetration, can dissolve a relatively 
high percentage of resin without becoming too sticky, and also can pre¬ 
vent the dried film of varnish from becoming brittle because of its 
toughening effect on the resin. 

A bodied oil is usually preferable, although raw oils often are em¬ 
ployed in preparing a varnish. The material forming the boiling kettle 
is of importance as it must be resistant to cooking temperatures (about 
600° F.) and must not discolor the varnish. Monel metal, stainless steel 
or copper are suitable materials; aluminum, although it produces light- 
colored varnishes, is quickly damaged by the required heat and must be 
carefully handled. Iron is unsuitable since it darkens the color of varnish. 
Similarly, enameled iron is not recommended, because under the influence 
of heat the enamel is easily broken, and darkening of the varnish, as 
stated, is caused by the iron. 

Fast cooking of the oil is generally desirable. The correct procedure 
to be followed in any instance can be determined experimentally. The 
oil is usually cooked to a slight body; then resins are incorporated and 
cooking continued until the resins are properly distributed and dissolved, 
and hence do not settle out on cooling. Stirring of the varnish while cook¬ 
ing prevents discoloration caused by local overheating. Discoloration due 
to surface oxidation of the liquid can be prevented by heating in an atmos¬ 
phere of carbon dioxide or nitrogen. Waxes or greases are added to the 
varnish during cooling, but while it is still warm, to prevent sticking or 
offsetting and to insure a smooth film. 

Driers employed in overprints are mainly metallic soaps of cobalt, as 
small amounts are sufficient, and cobalt has a marked tendency to bleach 
the varnish after a storage period of several weeks. Lead compounds 
often render the varnish cloudy and settle out, and manganese driers have 
a decided darkening effect.^**^ 

Organic salts of metals of the alkaline earth or earth metal group, 
such as stearic or palmitic soaps of these metals, especially of aluminum, 
often are added to the varnish. These salts, being easily dispersed in the 
varnish, are incorporated to increase viscosity and shorten the varnish, 
thus reducing its tack.^^® The proportion of these ingredients required 
in the varnish is about 0.5 per cent. For instance, 15 g. aluminum stearate 
is incorporated into a varnish consisting of 200 g. linseed oil, 100 g. of a 
hard resin and 5 g. linoleate of cobalt, or 15 g. of aluminum palmitate in 
180 g. of wood oil, 90 g. of hard resin and 0.5 g. of lead salicylate. The 
soaps may be formed in the varnish by adding the metallic hydroxide 

F. H. Kelson, Am, Ink Maker, 1936, 14 (6), 61; Chem, Ab$., 1937, 31, 4142; Rev, Paint, Colour, 
Vamith, 1936, 9, 242. 

Am. Ink Maker, 1936, 14 (8), 25. 
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and acid separately, e.g,, finely divided aluminum hydroxide and stearic 
acid. These varnishes are used for high-gloss, overprints, and may be 
colored by oil-soluble substances such as Victoria Blue base, Rhodamine 
base, Sudan dyes, Milori Blue, Fanal Green and Permanent Red.^^^ 

Incorporation of oil-soluble dyestuffs into the composition often gives 
unusual and striking effects. For example, the effect of a 3-impression 
print may be obtained by printing a colored varnish over a black or dark- 
colored half tone, thus coloring and overprinting in one operation. With 
especially good results it is possible to give warm pastel shades in over¬ 
print varnishes.^^^ 

Prints can be treated by rubbing with a paste to give them the appear¬ 
ance of engraving on matte paper. The colored or colorless paste includes 
besides wood oil and boiled linseed oil dry hydroxide of aluminum, borate 
of zinc, white potassium soap and technical ammonia.^^^ 

To bring the varnish to the proper tack and consistency for use on the 
press, reducers are incorporated. Reducers are more or less volatile com¬ 
pounds drying by evaporation and penetration. Especially on lithographic 
and offset presses, due to their elaborate distributing system, highly 
volatile reducers or thinners should be avoided. 

For a long time overprint varnishes were not applicable by litho¬ 
graphic or offset presses, partly because the quantity of varnish these 
machines carried was not enough to produce the desired high-gloss sur¬ 
faces and partly because the water employed in the dampening foun¬ 
tain of the presses emulsified with or hydrolyzed the oil in the varnish 
and so destroyed its gloss-producing effects. Due to later improvements, 
varnishes are available which can be applied by lithographic or offset 
printing methods in the same thickness as by typographic printing. 
These varnishes have a relatively heavy consistency and high percentage 
of resin content.^^^ 

Certain anhydrous lacquers containing cellulose esters or ethers are 
applicable for printing colored or colorless coatings or designs on non- 
resilient materials such as metal, wood, synthetic compositions, e.g., 
resins, vulcanized fiber or stone. The printed films are highly resistant 
to mechanical effects. Successive prints (also in different colors) can 
be applied without drying of each film. The lacquers can be printed 
on intaglio,offset and lithographic presses, for example, with* deeply 
engraved rollers or plates to prevent too rapid drying of the lacquers 
on the press. On top of the prints a transparent protective varnish or 
lacquer may be applied. If necessary, the surface of the non-resilient 

British P. 434,450, 1935, to Chem. Fabr. Halle-Ammendorf Gebr. Hartmann; Chem. Abs., 1936, 
30, 886; Brit. Chem. Aba. B, 1935, 1056; Rev. Paint, Colour, Vamiah, 1935, 8, 517. French P. 789,912 
and 781,913, 1935; Chem. Abs., 1935, 29, 7102; Rev. Paint, Colour, Varnish, 1935, 8, 517. 

F. H. Kelson, loc. cit. 
C. F. W. Schneemann, German P. 260,695, 1910; Chem. Abs., 1913, 7, 3206. 
Inks for lithographic and offset printing and the function of the dampening fountain are men¬ 

tioned in Chapter 9. 

F. H. Kelson, loc. cit. 
For intaglio printing see Chapter 10. 
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material, before being printed, is evened and smoothed by priming with 
a filling composition, lacquer or oil paint, which also prevents the printed 
coat from being pulled off. 

A lacquer containing dry nitrocellulose dissolved in a mixture of 
alcohol, phthalic dibutyl ester and ethylene glycol monoethyl ether 
and a metallic or other pigment (e.gf., aluminum bronze or Prussian Blue) 
or dyestuffs, is printed on tin plate. Other lacquers consist of a cellulose 
ester, e.g.y acetylcellulose, in a vehicle of phthalic dimethyl ester and 
glycol ester and colored by a dyestuff {e.g.j Hansa Yellow) which is 
mixed with ethylene glycol monoethyl ether acetate. Also gums, resins, 
oils and varnishes may be incorporated in the lacquers.Other coat¬ 
ings for non-resilient materials are produced by dissolving colored cellu¬ 
lose plastics in solvents. Colored masses are obtained by milling together 
a cellulose ester and a softening or swelling agent, e.g.y camphor, with 
an organic or inorganic coloring substance non-soluble in the mixture of 
cellulose ester and swelling agent.^^® 

Protective Coatings. As protective coatings, varnishes or lacquers 
may be applied by brushing or spraying over the printed surface. The 
compositions of these coatings depend upon the kind of surface to which 
they are applied. It is also equally important that the ink be suited to 
the paper on which it is used.^**^ A varnish for printed labels and wrap¬ 
pers consists of a cellulose derivative heated with an unsaturated oil 
and dissolved in a solvent. For example, ethylccllulose is heated with 
wood oil, air is blown through the mixture to promote combination of the 
cellulosic material and oil and the product is then dissolved in butyl 
lactate, butyl “Carbitol” or “Carbitol’^ acetate.^'*^ For printed posters 
mounted on metal, transparent cellulose is used and applied in several 
layers as a coating, with no solvent effect on the printing ink. The 
metal is thoroughly cleaned and a priming of cellulose employed. 
Food wrappers printed with a priming of an adhesive water-color paste 
and an oil-base ink on the dried priming may be coated with a film of 
wax on the printed side of the paper.To prevent lifting or other 
attacking of common oleograph, or drying-oil, inks, a fine spray of nitro¬ 
cellulose varnish first is applied under pressure (about 4 atmospheres) 
over th^ print and then, before this can dry, a second coat of nitrocellu¬ 
lose is applied.Lithographed metal signs may be coated with a 

'"British P. 318,567, 1928, to I. G. Farbenind. A.-G.; Chem. Abs., 1930 , 24, 2316; Brit. Chem. 
Abs. B, 1929, 1047; Rev. Paint, Colour, Varnish, 1929, 2, 331. 

British P. 247,288, 1924, to Badische Anilin- & Soda-Fabr.; Brit. Chem. Abs. B, 1926, 315. 
'♦’For a review of the application of overprint varnishes, sec E. St. John, Inland Printer, July 21, 

1938; Rev. Paint, Colour, Varnish, 1938, 11, 364. Inland Printer, April, 1937, 68; Rev. Paint, Colour, 
Varnish, 1937, 10, 174. 

'"J. D. Murray, U. S. P. 2,099,570, Nov. 16, 1937, to Murray Liquafilm Corp.; Am. Ink Maker, 
1938, 16 (2), 37. 

8. G. Pipe, Brit. Ind. Finishing, 1930, 1, 233; Rev. Paint, Colour, Varnish, 1930, 3, 269. 
'«>R. A. Hayward, British P. 471,388, 1937; Chem. Abs., 1938, 32, 1498; Brit. Chem. Abs. B. 

1938, 411. 

British P. 364,520, 1931, to Masa Ges. zur Herstellung kUnstlicher Oberfliichen: Brit. Chem. 
4bi. B, 1032, 272; Rev. Paint, Colour, Varnish, 1932, 5, 188. 
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nitrocellulose varnish to prevent early chalking and fading. The varnish 
consists of nitrocellulose or ^^Rezoglaz” (a synthetic polystyrene resin) 
plasticized either with 25 or 50 per cent of its weight of dibutyl phthalate. 
Other varnishes may be formed of nitrocellulose and a high percentage 
of alkyd resins. 

To an exposed light-sensitive layer of bichromated albumin a fixing 
coating may be applied, consisting of a powdered earth color mixed with 
printer's varnish, gasoline or other readily volatile liquid. For instance, 
one composition consists of 10 per cent of printer's varnish, 30 per cent 
of gasoline, 2 per cent of oil of lavender and 58 per cent of pigment.^'^'^ 
To fix lithographic and other transfers,^^^ a varnish can be used which 
consists of heavy benzine (760-860 g.), Judaea bitumen (mineral pitch), 
90-120 g., and essence of copaiva, 7-20 drops.^®® 

To render prints resistant to gasoline and to heighten their effects, a 
composition is applied by means of sprinkling on moist impressions. 
The composition consists of a saccharine substance [e.g., glucose), 1 
part, with a pigment (e.g., lampblack), 3 parts, and water, forming a 
plastic mass which is dried and powdered. Afterwards 5-20 per cent of 
an inert filling material, such as starch, is incorporated.^®® 

Printing on Cellulose Ester Plastics 

The manufacture of inks for printing on cellulosic materials such as 
celluloid, Cellophane and various kinds of highly glazed transparent 
papers (for example, glassine) offers special problems due to particular 
properties of these types of surfaces. For example, thickness and rigidity 
of the materials prevent them from clinging well to the printing forms. 
Also, density of the surface or, in other words, low porosity, renders such 
surfaces non-absorbent, causing problems in drying of the ink. Again, 
the hiali smoothness of the surfaces gives rise to difficulties in adhesion 
of inks.^'"’^ In some instances, increased adhesion to a nitrocellulose 
film by the ink may be secured if the printed material is subjected to 
light of high intensity, e.g., light from a 1,000-watt tungsten bipostal 
lamp.^®® 

The composition of the inks must be specially adapted and mixed to 
overcome these difficulties. Ordinary drying-oil inks, applied by usual 
printing processes, would dry very slowly (in several days) and be non- 
resistant to mechanical or chemical action and heat. The inks generally 

^***11. A. Gardner, Am. Paint, Varnish Mfrs. Assoc. Tech. Sect, Cirr., 437. 230; Chetn, Ahs., 1933, 
27, 442.5; Brit. Chem. B, 1933. 1068; Pev. Paint, Colour, Varnish, 1933, 6, 176, 

British P. 474,404. 1937, to Prirnogrnphie Co.; Rev. Paint, Colour, Varnish, 1938, 11, 111. 
For disriission of transfer printina see Chapter 12. 
C. F. Rousset, British P. 606. 1886; /. S. C. /.. 1886, 5, 609. 

M. MoMiurav and ,T. R. ParrLsh, U. S. P. 1.215,293, Feb. 6, 1917; Clum. Ahs., 1917. 11, 1048; 
J. S. a. /.. 1917. .36, 395. 

Eirhstiidt. Nitrocellulose, 1934, 5. 221 ; Chem. Abs., 1935. 29, 1626. C}. H. Hadert. .4m. Ink 
Maker, 1933, 11 (6>. 13: Paint Manu}., 1933, 3 (7), 202; Rev. Point, Colour, Varnish, 1933, 6, 198; 
Chem. Ahs., 1933 . 27, 3625. .1. I). Cohen, Paper and Printino, 1938. 11 (41), Suppl. 26; Rev. Paint, 
Colour, Varnish, 1938. 11, lO^ ... 

B. McBurney, Bookbln(iin<f ct Book Production, 1938, 28 ( 5), 26; Rev. Paint, Colour, Varnish, 
1939, 12, 19. 
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used in printing fibrous cellulosic materials exert a slight solvent action 
on the printed surface itself, so that they penetrate the surface and 
solidify within the material, drying by absorption and partly also by 
evaporation of the solvents used. Ingredients of these inks are a plas- 
ticizable base, such as a thickener and a plasticizer, pigments or dye¬ 
stuffs, and a fluid which is a solvent for both the ingredients of the ink 
and the surface to be printed. 

The vehicle may contain a cellulose derivative or a natural or syn¬ 
thetic resin. Often it is of advantage to use the same cellulose derivative 
which forms the material to be printed.^®^ Cellulose esters or ethers which 
may be employed include nitrocellulose, acetylcellulose, methylcellulose 
or cellulose butyrate. The ester should be of low viscosity (t.e., about 
0.1 to 0.75 of that of silk acetate) to increase penetration into the sur¬ 
face.^®® In inks containing such cellulosic compounds a large propor¬ 
tion of plasticizing agent is often present, the weight of the latter mate¬ 
rial being five times or more that of the cellulose derivative. 

Cellulose esters often may be replaced by resins of the diphenylol¬ 
propane-formaldehyde, phenol-formaldehyde or Glyptal type (the latter 
being condensation products of di- or polyhydric alcohols with di- or 
polybasic acids) by ester gum, colophony or shellac.'^®® Also a com¬ 
bination of a cellulose ester solution with resins may be employed, e.g., 
cellulose nitrate or acetate, copal resin and ester gum.^®® 

Plasticizers may be incorporated, their purpose being to produce a 
smoother film as well as to promote penetration of the ink into the sur¬ 
face by exerting a softening action upon it.^®"^ The plasticizers are non¬ 
volatile liquids such as dimethyl phthalate, diethyl phthalate, dibutyl 
tartrate, tricresyl phosphate, diethyl carbonate, di- or triacetins, tri¬ 
phenyl acetins, methyl or ethyl toluenesulphonamides. The proportion 
of plasticizer may be varied over wide limits. A quantity of 10 to 20 
times by weight of the cellulose ester in the ink is particularly useful 

British P. 456,898, 1938, to British Celanese Ltd.; Chem. Abs., 1937, 31, 2457; Rev, Paint, Colour, 
Varnish, 1937, 10, 25. Nitrocellulose as a vehicle in printing inks for non-absorbent surfaces is dis¬ 
cussed by A. Kraus, Papier-Fabr., 1937, 35, 373; Brit. Chem. Aha. B, 1937, 1322; Rev. Paint, Col¬ 
our, Varnish, 1938, 11, 25. G. Pundsack, Canadian P. 343,266, 1935; Chem. Zentr., 1935, 106 (2), 443; 
Rev. Paint, Colour, Varnish, 1935, 8, 307. 

i«>A. F. Caprio and W. Bowker, U. S. P. 1.931.485, Oct. 24, 1933, to Celluloid Corp.; Chem. 
Abs.. 1934, 28, 662; Brit. Chem. Abs. B, 1934, 685; Rev. Paint, Colour, Varnish, 1934, 7, 22. W. W. 
Mock, U. S. P. 2,081,949, June 1, 1937, to International Printing Ink Corp.; Chem. Abs., 1937 , 31, 
5188; Rev. Paint, Colour, Varnish, 1937, 10, 413. A. E. Shannon, U. 8. P. 1,880,502, Oct. 4, 1932; 
Chem. Abs., 1933, 27, 675; Brit. Chem. Abs. B, 1933, 837; Rev. Paint, Colour, Varnish, 1933, 6, 335. 
E. B. Middleton, U. 8. P. 1,833,086, Nov. 24, 1931, to du Pont Film Manufacturing Corp.; Chem. 
Abs., 1932, 26, 931. H. Wobornik, Austrian P. 125,010, 1927; Chem. Abs., 1932, 26, 860; Rev. Paint, 
Colour, Varnish, 1932, 5, 107. 

See British P. 498,390, 1939, to Shellmnr Pro<Iucts Co.; Chem. Abs., 1939, 33, 4352. 
W. H. Moss, U. 8. P. 2,165,499, July 4, 1939. 
See Carleton Ellis, “The Chemistry of Synthetic Resins,’' New York, Reinhold Publishing Corp., 

1935. 
British P. 456,898, 1936, to British Celanese Ltd.; Chem. Abs., 1937, 31, 2457. 

»«J. H. Clcwell, U. 8. P. 1,806,965, May 26, 1931, to DuPont Viscoloid Co.; Chem. Abs.. 1931, 25, 
4138; Brit, Chem. Abs. B, 1932 , 234. Canadian P. 307,397, 1931, to Canadian Industries, Ltd.; Chem. 
Abs., 1931, 25, 1108. 

'••E. M. Davidson, U. 8. P. 2,091,966, Sept. 7, 1937, to Continental Can Co., Inc.; Paint Tech., 
1937, 2, 320; Chem. Abs., 1937, 31, 7677; Rev. Paint, Colour, Varnish, 1937, 10, 413. 

^ E. M. Davidson, loc. cit. 
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for intaglio printing of foils and films of organic cellulosic derivatives.^®® 
The plasticizer may be used alone or with a solvent.^®® However, a 
small amount of a volatile liquid such as alcohol, acetone or ethyl 
acetate accelerates solution of the cellulose derivative in the plasticizer.^*^® 

Various types of solvents, because of their solvent action on cellulose 
ester surfaces, are applicable for celluloid and Cellophane inks. Exam¬ 
ples are acetic acid,^*^^ monohydric alcohols such as methyl alcohol, 
ethyl alcohol,butyl and isobutyl alcohols,^*^® furfuryl alcohol,^*^® 
dihydric alcohols, e.g., dicthylene glycol,ketones, e.g., acetone,^*^® or 
diacetone alcohol.Also employed are dioxane,^®® dichlorohydrin ^®^ or 
even camphor dissolved in lavender oil.^®^ As solvents, many organic 
esters may be used, such as ethyl acetate, butyl acetate, amyl acetate,'®® 
glycol acetate,'®^ mcthylglycol acetate,'®® the acetates of ethylene glycol 
monoethyl ether (ethyl ^'Cellosolvc’’)»^®^ ethylene glycol monomethyl 
ether (methyl ^^Cellosolvc^^) ,'®^ butyl propionate,'®® ethyl lactate,'®® and 
cyclohexanol acetate.'®® Ether.s used as solvents are ethylene glycol 
monoethyl ether,'®' ethylene glycol monobutyl ether,'®- diethylene mono¬ 
methyl,'®® and dicthylene monobutyl ethers.'®' Other solvents are hydro- 

British P. 456,898, 1936, to British Celanose Ltd.; Chem. Ah»., 1937, 31, 2457; Rev. Paint. Col¬ 
our, Varnish, 1937, 10, 25. A. F. Caprio and W. Bowker, U. S. P. 1.931,485, Oct. 24. 1933. to Celluloid 
Corp.; Chem. Abit., 1934, 28, 662; Brit. Chem. Abs. B, 1934, 685; Rev. Paint, Colour, Varnish, 
1934 7 22. 
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1108. P. L. Horbinet, loc. cit. 
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carbons, such as benzene,^®® tetrahydronaphthalene and other hydrogen¬ 
ated derivatives of naphthalene, phenol or naphthol,^®® and nitroben¬ 
zene.^®^ 

An adhesive composition consists of a solution of ester gum in toluene; 
solutions of nitrocellulose and ethylcellulose in ethyl alcohol, toluene, 
and ethyl acetate; titanium dioxide; tricresyl phosphate, and methyl iso¬ 
butyl ketone.^®® 

The drying rate of inks may be varied by using two or more solvents. 
For example, mixtures boiling below 120° C. consist of amyl acetate, 
diacetone alcohol, methyl alcohol, butyl alcohol and butyl propionate. 
A similar composition includes diethylene glycol monobutyl ether with 
nitrobenzene, methyl alcohol, amyl acetate, butyl alcohol and furfuryl 
alcohol.^®® A mixture of equal quantities of methyl “Cellosolve’^ and its 
acetate has good solvent power.-®® An ink containing glycol acetate gives 
sharp impressions, and to increase the drying rate, ethyl alcohol or 
acetone may be added.-®^ To decrease speed of drying of acetone, for 
example, a slowly evaporating solvent may be admixed, such as dichloro- 
hydrin or isobutyl alcohol.-®- ^^Cellosolve^^ is especially useful in printing 
protein-coated photographic films, as it penetrates the protein laycr.-®'^ 

Other Additions to the Vehicle 

Various substances may be added to the vehicle to obtain the desired 
consistency of the ink, e.g., small amounts of linseed oil or castor oil or 
resins, according to requirements.-®'* To a vehicle consisting of a solution 
of cellulose ester and resin, mixed with a plasticizer, an amount of com¬ 
mercial soft soap or rosin soap may be added.^®® 

For a coloring substance in the inks any kind of pigments or their 
mixtures may be used. Inorganic pigments are preferable to organic 
lakes or soluble dvestuffs; however, they may be added to or replace 
pigments.-®® As a black color, carbon black, lampblack, nigrosine base or 
other black azo dyes may be used. For other colors inorganic pigments 
or dyes such as Rhodamine, Chrysoidine and their lakes, Spirit Blues, 
Malachite and Diamond Green, Victoria Blue base or Cerasine Red may 

British P. 456,808, 1936, to British Cclanese, Ltd.; Chem. Aba., 1937, 31, 2457. 
Allman and H. N. Morri.s, British P. 296,461, 1927; Chrm. Abs., 1929, 23, 2541; Hrit. Chrm. 
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*»A. A. Shannon, U. 8. P. 1,880,502, Oct. 4, 1932. to Eastman Kodak Co.; Chem. Ahs., 1933, 
27, 675. 

»» British P. 287,124, 1927, to I. G. Farbenind. A.-G.; Chem. Abs., 1929, 23, 349. 

H. Wobomik, loc. cit. 
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be employThe pigment content of the inks may vary from 10 to 60 
per cent, according to the strength of color desired and the applied print¬ 
ing method.208 So-called body-forming substances may be added to the 
pigment, such as light magnesium carbonate.^o® 

Ordinary oil-printing inks are also used; for example, in printing 
regenerated cellulose articles (e.g., sausage casings). An illustration is an 
ink consisting of a pigment, e.g.j titanium white, in a vehicle comprising 
waterproof spar varnish, paraffin, petroleum jelly and lithographic boiled 
linseed oil.^^o Cellophane may be coated with an alcoholic solution of an 
appropriate resin to make it more water-resistant before printing.^^^ 
Colored powder may be applied by sprinkling on a print made with 
lithographic or typographic ink containing a flatting varnish. A solution 
of white shellac may be used as a substitute for the ink if metallic powder 
is used.2^2 Moisture-proof Cellophane .surfaces may be prepared for 
printing by applying a pigmented adhesive to them. The adhesive com¬ 
prises glucose and water, a small amount of glycerol, gelatin, very little 
castor oil, and a pigment. A paper label is coated with this mass and then 
pres.sed on the Cellophane by means of a heated die bearing the design. 
After that, the paper is removed and printing ink applied to the pig¬ 
mented areas.218 

Compositions having the ingredients mentioned above are applied to 
motion-picture films. As the films go through various mechanical and 
chemical operations, e.g., polishing, developing, fixing and washing, inks 
must be resistant to certain agents employed in these operations.^^** The 
inscriptions are further protected by coating them with a colloid, sucli 
as benzylcellulosc dissolved in a mixture of acetone and benzene, which 
is insoluble in any solvents used in the treatment of films and wliich does 
not affect the dye.^^"' An ink used for printing on cellulose ester films, 
such as cellulose acetate, is composed of approximately equal volumes 
of methyl ‘‘Cellosolvc” (ethylene glycol monomethyl ether) and its ace- 

^ E. M. Dnvirlson, /or. cit. A. \. Shnnnon, Jnr. rit. A. F. Caprio and W. Bow’ ^r. Jnc. rit. 
J. H. npwell, U. S. P. 1 806,965, May 26, 1931, to DuPont Viscoloid Co.; Chem. Abs., 1931. 25, ,4138; 
Brit. Chem. Ahs. B, 1932, 234. E. R. Middleton, /or. cit. H.. Lummerzheim and E. Sohnitzlor, 
TI.S. P. 1 828,974, Oct. 27. 1931, to Agfa Ansco Corp.; Chem. Abs., 1932 , 26, 662; Rev. Paint, Colour, 
Varnish, 1932, 5, 90. 

W. W. Mock, U. S. P. 2,081,949, June 1, 1937, to International Printing Ink Corp.; Chem, Abs., 
1937, 31, 5188; Rev. Paint, Colour, Varnish, 1937, 10, 342. 

E. M. David.son, lor. cit. 
210 .T. Voss, U. S. P. 1.929.394, Oct. 3, 1933, to Viskinc Corp.; Chem. Ahs., 1934. 28, 351; Brit. Chem. 

.Ahs. B, 1934, 571; Rev. Paint, Colour. Varnish. 1934. 7. 23. British P. 380,317, 1932, to Visking Corp. ; 
Chem. Abs.. 1933 , 27, 5994; Brit. Chem. Ahs. B, 1932, 1041. 

Priifer, Austrian P. 139,842, 1934; Chem. Abs., 1935, 29, 2763; Rev. Paint, Colour, Varnish. 
1935 8 209 

«2p. Corombclle, Belgian P. 362,030, 1929; Chem. Abs., 1930, 24, 4647. 
A. D. Eisenberg, U. S. P. 1,891,323, Dec. 20, 1932, to Continental Process Corp.; Chem. Abs., 

1933, 27, 2052. 
A. A. Shannon. U. S. P. 1.880,502. Oct. 4, 1932, to Eastman Kodak Co.; Chem. Abs., 1933 , 27, 

675; Brit. Chem. Ahs. B, 1933 , 837; Rev. Paint, Colour, Varnish, 1933, 6, 335. 
«« British P. 287,124, 1927; Chem. Ahs., 1929, 23, 349; British P. 295,578, 1927; Chem. Abs., 1929, 

23, 2113; both to I. G. Farbenind. A.-Q. Another method, which does not make u.se of printing, for 
inscribing titles on photographic fdins is to remove, wholly or partially, the emulsion layer by 
means of a solvent, after the development of the film. A mineral acid or an alkali is useil. In 
rolore<l filnis the dye may be blenched by the use of an oxychloride, a peroxide, chlorine water, a 
perborate, permanganate, or a diehromate. The letters tlius formed are transparent and they ma^• 
be, if desired, printed with an ink or dye. (R. Hruska. British P. 411,335, 1934; Chem. Abs., 1934, 
28, 7187; British P. 438,272, 1935; Chem. Abs., 1936, 30, 2508.) 
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tate, containing in solution cellulose acetate and an azo dye.^^® Another 
composition comprises a nigrosine base and shellac dissolved in diacetone 
alcohol, the drying period of the latter being decreased by adding tri- 
acetin.^^*^ 

Linseed oil should not be used in inks for printing on organic cellulose 
derivatives, as it renders the print transferable to polishing plates.^^® 

To bring about quick setting of an ink, the undried print is dipped 
into molten wax {e,g., paraffin) at 100 to 150° C. The ink should contain 
a relatively high-boiling solvent miscible with the hot wax and not evapo¬ 
rating when coming into contact with the latter. Such a solvent is, 
e.g.y dimethyl phthalate. When the wet print comes into contact with 
heated wax, the solvent is absorbed by the latter, thus bringing about 
precipitation of the pigment. To obtain a hard, adliesive and non¬ 
smearing film, a thickener may be admixed, e.g., nitrocellulose.^^® 

Printing on Glass and Ceramics 

Printing on vitreous surfaces, such as glass and ceramics, is done in 
two steps, 2.e., first applying the ink to the surface, then fixing the impres¬ 
sion by applying heat to fuse the surface material with the ink.--® Other 
methods of applying marks and designs arc known which, however, are 
not satisfactory in all instances. One of these is to form the design 
in the mold in which the article is cast and apply enamel by stencil or 
hand. The objection to this procedure is that it requires the skill of an 
artist; consequently it is too expensive and not applicable to articles of 
mass production. Etching with hydrofluoric acid or sand blasting is used 
to prepare glass bottles for printing, which is done by the ‘^cold color” 
process. Cold-color printing is done by heating the ink to about 300° F. 
to set the lacquer after the impression is made. This procedure is dif¬ 
ferent from the method used in which the ink is fused into the glass or 
china surface by raising the temperature to the fusing point of the 
material. After the ink has set, a heat, alkali, acid and abrasion-proof 
varnish is applied over the printed label.^^i 

Another method, particularly for marking electric bulbs, involves the 
use of an ink containing glass enamel of low melting point. This is often 
unsatisfactory, too, since the heat used in the manufacture of lamps is too 
low to fuse the enamel satisfactorily with the glass; therefore the abra¬ 
sion resistance of the print is relatively low. Also, the comparatively low 
heat applied results in residual carbon from the oil (ink vehicle) which is 
incompletely oxidized, leaving a more or less dark hue on the glass. 

a. a. Shannon, loc. cit. 
J. H. Clewell, loc. cit. 
A. F. Caprio and V. Bowker, loc. cit. 
W. W. Mock, U. S. P. 2,081,949, June 1, 1937, to International Printing Ink Corp.; Chem. Abs., 

1937, 31, 5188; Rev. Paint, Colour, Vamhh, 1937, 10, 342. 
For a discussion of printing on ceramic and glass nrticlea see G. C. MUller, Olas-ind., 1912, 23, 

4; Chem. Abe., 1912, 6, 1216. Also, Olaa-ind., 1913, 24, No. 17; Chem. Aba., 1913, 7, 3004. 
D. W. Knaggs, U. S. P. 2,119,546, June 7, 1938, to Anigraphic Process, Inc. 
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Characters printed by this method are rather translucent and not clearly 
distinguishable from the glass. To increase opacity, various metallic 
oxides may be added, but these cannot be burned into the glass below a 
temperature which melts the glass.^^^ 

Transfer of the design to ceramic or glass ware may be accomplished 
by lithographic or relief printingIn other instances an oil print of the 
design is made on the article with the aid of a rubber stamp.-^^ After¬ 
wards the oil film is dusted with the selected pigment and the printed 
object subjected to a heating or firing operation at a temperature of 
approximately 1050 to 1080° F. Another method involves etching the 
design on a steel plate, printing with the latter on thin sheets of paper, 
and transferring the ink from the paper to the ceramic article. It is advan¬ 
tageous that prior to the printing operation the paper be coated on one 
side with a thin film of soap and the ink applied to this side. By so doing, 
the ink does not come directly in contact with the paper and is more 
readily transferred to the ceramic or glass ware. Also, paper is easily 
removed from the latter by means of warm water which dissolves the soap 
film and thus destroys the medium connecting ink and paper. 

In another procedure a composition is used which, after being printed, 
is burned into the article during an operation in the manufacturing proc¬ 
ess which requires heating, such as the sealing in of the stems of electric 
lamps to the bulbs.-^'^ 

Inks for printing on glass consist of a fusible pigment in a vehicle 
which is burned off after the ink is applied. Pigments include a metal or 
metallic oxide as coloring substance, together with a flux for the metal 
and the glass. An enamel, incorporated into castor oil, may be com¬ 
posed of black copper (cupric) oxide, 1 pound, fused with boric acid, 
1.5 pounds; litharge, 1 pound, and zinc oxide, 1.5 pounds, fused with boric 
acid, 6 ounces, and cryolite, 1.5 ounces. The two fuses are powdered and 
mixed in the proportion of 2:1. The powder is incorporated in ^ its 
weight of castor oil.--® Fredenbiirgh employs silver oxide with lead borate 
in a proportion of about 70:30. These are incorporated in a mixture of 
linseed oil and gum dammar or in glycerol. Both these vehicles provide 
an ink which is sufficiently tacky for glass surfaces. At the fusing tem¬ 
perature, between 400 and 500° C., the borate forms a colorless glass with 
metallic silver distributed in the molten mass. The silver gives to the 
markings a metallic white appearance of high opacity. Oxygen liberated 
during heating raises the temperature, thus assuring good fusion and also 
oxidizing carbon resulting from decomposition of the liquid vehicle.--^ 

«22M. N. Fredonhurph, U. S. P. 1.538.800, Mny 26, 1025: Chew. Ahs., 1925, 19, 2277. 
W. Schertol, Her. Tech.-icis,'<. Abt. Frr. keram. Cewerke in Deutschland, 1919, 5 (5), 34; Chcin. 

Ahs., 1921, 15, 730. 
IT. Rpiiiiimton, Class Ind., 1037, 18, 267; Chem. Ahs., 1937. 31, 8851. 

D. K. Wright, Briti.sh P. 212,938, 1923, to British Thomson-1lou.ston Co., Ltd.; Chem. Ahs., 
1924, 18, 2230. 

D. K. Wright, loc. cit. 
M. N. Fredenbureh, loc. cit. 
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Other metallic oxides such as those of cobalt, manganese, uranium 
or metals such as nickel, iron, copper, chromium, selenium red,^^® the 
nitrate or other salts of cobalt may be used as coloring agents. The 
powdered metallic pigment may be mixed with lead oxide, white lead or 
minium because lead compounds, when molten, adhere strongly to glass 
or other vitreous surfaces. Also, a flux such as borax, lead borate,^^^ 
potassium carbonate,glass,may be used to insure thorough 
amalgamation of the metallic oxides with the printed surface. By heat¬ 
ing the vehicle (linseed oil) with minium or another lead oxide to secure 
a product having a high content of lead, the use of a flux is made unneces¬ 
sary, since the lead present insures good adhesion.^^** 

In applying the ink to the surface, the finely ground solid ingredients 
are suspended in a vehicle which usually consists mainly of linseed oil. 
The latter may be boiled or raw.-*^® The desired consistency for print¬ 
ing may be obtained by adding various substances to linseed oil, such as 
natural balsams, e.g., capivi balsam; essential oils, e.g., oil of amber 
lavender oil or clove oil, or animal fat.-'*® The vehicle may be boiled 
while read lead is added. During simmering the metallic oxides are 
added, and after being cooled the mass is ground. As previously men¬ 
tioned a flux may be avoided by boiling linseed oil with minium. The 
cooking is continued until the oil absorbs no more of minium and becomes 
dark and resinifies on cooling, thus furnishing a product similar in appear¬ 
ance to colophony. Coloring matter may be incorporated during the 
cooking and stirring of the mass. 

A new preparation suitable for ^‘cold-color” printing processes, or 
printing without subsequent baking or fusing, contains 1177 parts by 
weight of a heat-convertible phenol-aldehyde resin, 1002 parts of rosin- 
glycerol ester, 105 parts of rosin, 3109 parts of drying oil (tung oil, raw 
and cooked) and 178 parts of lead and cobalt naphthenate drier dissolved 
in 932 parts of chlorinated diphenyl having a distilling range of 278 to 
360° C. This ink is resistant to abrasion and the action of dilute acids 
and alkalies.2‘^® 

A vehicle for silver oxide and lead borate as coloring materials 
includes, as mentioned above,-^® either glycerol or a mixture of linseed 

2a British P, 211,718, 1923. to Inflrliblr Coloration Corp.; Chrm. Abs., 1924, 18, 1016. Also 
W. C. Schroedcr, U. S. P. 1,732,342, Oct. 22, 1930, to Indelible Coloration Corp.; Chem. Ahn., 1930. 
24, 252. 

2»L. McLaii«hlm, U. R. P. 2.030,999. Feb. 18. 1936, to Weatern Electric Co., Inc.; Chem. Abs., 
1936, 30, 2411; Rev. Paint, Colour, Varnitth, 1936, 9, 170. Canadian P. 337,714, 1933; Chrm. Abu., 
1934, 28, 1879. 

2*0 H. O. Isbell, Chemiit-Analyst, 1931, 20 (3). 20. 
2*^ M. N. Fredcnburjrh. loc. cit. L. McLaughlin, loc. cit. 
*»H. G. Isbell, loc. cit. 
^ T/. McLaughlin, loc. cit. 

German P. 229,192, 1908, to Schmidt, Kasseker A Co.; C/ieni. Abs., 1912, 6, 144. 
L. McLaughlin, loc. cit. 
H. G. Isbell, loc. cit. 
A. J. Q. Smith, British P. 211.718, 1923. to Indelible Cfiloration Corp.; Chem. Abu., 1924, 18, 1916. 

2" German P. 229,192, 1908, to Schmidt, Kasseker & Co.; Chem. Ab»., 1912, 6, 144. 
F. G. Oswald, U. 8. P. 2,111,802, March 22, 1938, to .John W. Masury and Son; Chem. Abs., 

1938 32 3902. 
N. Fredenburgh, U. 8. P. 1,538,890, May 26, 1925; Chem. Abs., 1925, 19, 2277. 
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oil and gum dammar, in case of which equal parts of both ingredients are 
employed, and the total quantity is equal to that of the pigment. Gum 
dammar provides the tack necessary on glass surfaces. To facilitate 
milling of the ink, a small proportion of benzol, which is later evaporated, 
is added to the composition. If glycerol alone is used as a vehicle, its 
proportion may vary from 35 to 65 per cent by weight of the pigment. 
Methyl alcohol may be added to accelerate grinding and afterwards 
removed by evaporation. 

Ink is applied to glass or ceramics by means of an ordinary rubber 
stamp,-^^ or by a device which includes a rubber stamp adjusting itself 
automatically to curved surfaces.^'*- Also, offset printing or transfers by 
decalcomania process,-"*^ autotypy or phototypy may be used in apply¬ 
ing inks to glass or ceramic surfaces. 

It may be mentioned that a process of printing on artificial stone 
involves impregnating the surface with an insoluble compound of a heavy 
metal and coating the part of the surface to be printed with glue, gum 
dextrin or similar substance. Subsequent application of hydrogen sul¬ 
phide solution, by dampening a stamp pad with the liquid, will precipitate 
the sulphide of the heavy metal on the coated areas.-^® 

Printing on Metal and Metal Foil 

Metal foils, especially those of tin, lead and aluminum, are employed 
to a large extent in wrapping articles.-^^ Since aluminum has a high 
affinity for greasy substances, ordinary lithographic or typographic ink 
may be applied to the metal, which will properly hold the print. Alka¬ 
line pigments are likely to affect aluminum; therefore such pigments as 
laketine or magnesia should be controlled carefully. Acids in pigments 
in these circumstances have little or no effect.^^® 

Transparent inks printed on metal foils often show a brilliant effect 
due to the metallic sheen of the surface. Inks must possess good adher¬ 
ence and great strength of color in order to attain the desired contrast 
with glossy foils.^^® 

Since the surface is non-absorbent, the inks dry mainly by oxidation. 
As the same effects may be obtained with a few ink lines as with full 
coverage, the former is preferable because of faster drying. Drying 

*** M. N. Fredenburgh, loc. cit. 
British P. 212,938, 1923, to British Thomson-Houston Ltd.; Chem. Abs., 1924, 18, 2230. 
L. McLaughlin, U. S. P. 2,030,999, Feb. 18, 1936, to Western Electric Co., Inc.; Chem, Abs., 

1936, 30, 2409; llev. Paint, Colour, Varnish, 1^6, 9, 170. Canadian P. 337,714, 1933; Chem, Abs., 
1934, 28, 1879. For the discussion of decalctimania transfers see Chapter 12. 

'-** German P. 229,192, 1908, to Schmidt, Kassokcr & Co.; Chem. Abs., 1912, 6, 144. Discussion of 
the mentioned photographic transfers can be found m Chapter 11. 

N. P. Jacobs, British P. 211,896, 1923; Chem. Abs., 1924, 18, 2232. 
Wallace, Am. Ink Maker, 1936, 14 (3), 19; Chem. Abs., 1937 , 31, 6034; Brit. Chem. Aba. B, 

1936, 1217; Rev. Paint, Colour, Varnish, 1936, 9, 377. 
See Chapter 9 and Chapter 7 for the description of lithographic and typographic inks, 

respectively. 
J“*J. E. Filler, Nat. Lithographer, Feb., 1935; Am. Ink Maker, 1935, 13 (3), 23; Rev. Paint, Col¬ 

our, Varnish, 1935, 8, 207. 
For reviews of methods for printing on metal surfaces, see J. W. McHugh, Ind. Finishings, 

1934, 10 (12), 15; Rev. Paint, Colour, Varnish, 1934 , 7» 508. Stefan, Druck.-u.-Werbek, 1938, 15, 275; 
Rev, Paint, Colour, Varnish, 1938, 11, 364. 
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troubles may be diminished by the use of 0.25 to 1 oz. of cobalt 
drier per pound of ink. Although it is possible to obtain dry prints 
within 5 to 8 hours, forced drying may result in crystallization, which 
makes application of successive colors difficult. One method is that of 
natural air-drying, which often requires about 24 hours.-^^ 

Good adhesion is obtained by exclusion of air and dust between foil 
and ink film.^®^ The metal may be treated before printing with a solvent 
(for fats) containing a small proportion of an adhesive, e,g., resin or a 
cellulose ester, dissolved in trichloroethylene (C2HCl3).“^“ The surfaces 
also may be prepared by coating with varnish or solutions of cellulose 
or cellulose derivatives, vegetable drying oils or juices, rubber, resins, 
casein or glue.-^^ Printing ink with amyl acetate solution of nitrated 
cotton may be applied to tin foil.-**^ 

Metal foils for wrapping may be printed in special color effects by 
applying the pattern desired with a lacquer containing a heat-hardenable 
resin and heating the foil to the setting temperature. A cellulose-deriva¬ 
tive lacquer may be printed on the printed or on the unprinted area of 
the foil, depending upon the effect wanted.^^^ 

To reduce tack or prevent offsetting, particularly of an impression of 
heavy ink coverage, powdered cornstarch may be added to the ink. 
However, caution must be exercised as to the amount employed, since the 
ink is apt to lift off the foil surface on slight abrasion if adhesion of the 
former is too small. Addition of a very small quantity of cornstarch 
per pound of ink is reported as satisfactory.-^^ 

As a reducing agent (for tack) a scratchproof varnish may also be 
employed. Usually an addition of 1 to 2 ounces per pound of ink will 
produce the desired effect.^^^ 

The amount of ink required to cover a given area of embossed pat¬ 
terns is reported to be double the quantity needed for a plane surface of 
equal area.^®® 

When the required number of prints is small (under about 2500), 
ordinary zinc printing blocks may be employed, but for printing on larger 
scale the use of copper electrotypes is considered to be better. Rubber 
plates are of advantage when the paper side of foils mounted on paper is 
printed. The handling of printed material depends upon ink coverage, 
method of printing and kind of stock used.-®^ 

Aluminum plates with an oxidized surface may be printed by a water- 
repellent, colored or colorless substance; then the unprinted parts arc 

R. E. Hunt, Am. Ink Maker, 1934, 12 (11), 27; Rev. Paint, Colour, Varnish, 1934, 7, 456. 
G. Wallace, loc. at, 
J. Modern, Austrian P. 114,650, 1929; Chem. Abs., 1930, 24, 817. 
G. Manetti, P. Benaglia and M. Luchsingcr, British P. 314,635, 1928; Chem. Abs., 1930, 24, 

1529; Italian P. 266,782, 1934; Chem. Zentr., 1934, 105 (2), 1030. 
Nemoto, Japanese P. 31,446, 1917; Chc?n. Abs., 1918, 12, 88. 

Gennan P. 658,578, 1936, to Ncstld and Anglo-Swiss Comlensed Milk Co., Ltd.; Modern Plan- 
tics, Sept., i938, 56. 

R. E. Hunt, Am. Ink Maker, 1934, 12 (11), 27; Rrv. Pamt, Colour, Varnish, 1934, 7, 456. 
R. E. Hunt, loc. cit. 

^ R. E. Hunt, loc. cit. 
** R. E. Hunt, Brit, Printer, 1935 , 48 (284), 88; Rev. Paint, Colour, Varnish, 1935, 8, 401. 
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covered with a water-soluble color to give the first print the proper back¬ 
ground. Compositions for this procedure consist of colorless beeswax 
with 3 per cent grease or wax-soluble Chrysoidine.^®® The mixture is 
applied in the liquid state by means of heated dies and the printed plate 
immersed for 20 minutes in an aqueous solution of 3-per cent Alizarin 
Saphirol a dye derived from anthrarufin (1,5-dihydroxyanthraqui- 
none). The original yellowish-orange color of Chrysoidine, which is left 
unchanged, is surrounded by the deep blue of the unprinted areas. Other 
mixtures involve the application of 100 parts hard colorless paraffin wax 
colored by 10 parts chrome oxide green and immersed in an aqueous 
solution of “milling orange,” which procedure gives green designs 
against an orange background. A solution of aminoazotoluene (1 to 5 
parts) dissolved in a mixture of 100 parts of ethyl alcohol, 20 parts of 
turpentine and 50 parts of linseed oil is also used. This compositipn is 
applied to the metal plate by means of a spray pistol and stencils, and 
the dry print is given a blue-red background by an aqueous solution of 
2-per cent Azo Fuchsine.-^'^ Similarly, the color of the design printed first 
is left unchanged. Metallic bands may be coated with a sticky material 
such as varnish, then dusted with powdered pigment or metallic powder 
and excess powder wiped off.-®® 

Printing on Lacquer, Varnish, and Colloids 

Lacquers or varnishes may be printed with inks which amalgamate 
with the hardened surfaces by penetrating, softening or dissolving them. 
To illustrate, an ink to use on shellac or other varnish has a vehicle con¬ 
sisting of alcohol, diethyl phthalate and an ethyl ester, such as the lac¬ 
tate or oxalate, to soften and penetrate the varnish.-®® An ink for print¬ 
ing, for example, photographically reproduced leather designs on nitro¬ 
cellulose lacquer-coated sateen consists of nitrocellulose dissolved in a 
mixture of ethyl alcohol, butyl alcohol and ethyl acetate, and a pigment 
and castor oil.-®^ Nitrocellulose lacquer surfaces may be improved (for 
printing operations) by spraying thin films of solutions of soft resins on 
them or by incorporating soft oil-modified Glyptal resins into the lac¬ 
quers.-®® 

Other vehicles suggested for inks intended for printing on lacquers 
or varnishes consist of a cellulose ester or ether dissolved in water-soluble 
mono- or di-formates of polyhydric alcohols.-®® Examples of the latter 

^ G. Schultz, “Farbstofftnbellcn,” 5th ed,, Berlin, Weidtnann, 1914, No. 33. 
G. Schultz, “Farbstofftabcllen,” 5th ed., Weidmann, Berlin, 1914, No. 858. See also R. N. 

Shreve, “Dyes C’lassilied by Intcriue<liates,’' The Chemical Catalog Co., Inc., New York, 1922. 
G. Schultz, ‘FurbstofTtabellen,” 5th ed., Weidmann, Berlin, 1914, No. 971. 
G. Schultz, “Farbstofftabellen,” 6th ed,, Berlin, Weidmann, 1914, No. 147. 
British 1*. 439,403, 1935. tn IVmtal soc. anon. ; C/irm. Abs., 1936, 30, 3399; Rcik Paint, Colour, 

Varnish, 1936 , 9, 93. Swiss P. 176,415, 1935, to IVintal soc. anon.; ('hem. Abs., 1936. 30, 75, 
Australian P. 12,342, 1933, to Gerianl Industries Ltd.; Clum. Zentr., 1934, 105 (2), 1030; Rev. 

Paint, Colour, Varnish, 1934, 7, 377. 
‘««C. L. Cunningham. U. S. P. 1.562,514, Nov. 24, 1925; Chrm. Abs., 1926 , 20, 513. 
^ H. J. Jenemann, U. S. P. 2,102,715, Dec. 21, 1937, to K. 1. <lu Pont de Nemours & Co.; Chem. 

Abs., 1938, 32,'1360; Rev. Paint, Colour, Varnish, 1938, 11, 111. 
Ind.-Lack-Bctrieb, 1937 (3/4), A22; Rev. Paint, Colour, Varnish, 1937, 10, 95. 

2* British P. 311,795, 1928, to I. G. Farbenind. A.-Q.; Rev. Paint, Colour, Varnish, 1929, 2, 198; 
Brit. Chem. Abs. B, 1929, 6()9. 
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compounds (alcohols) which are applicable include ethylene-, propylene- 
or 1,3-butylene-glycol and also glycerol. Other water-soluble organic 
liquids, such as ethyl alcohol, acetone or ethylene chlorhydrin may be 
incorporated into the solution. 

The printing of hydrophilic colloids has always been difficult; the 
impressions were made superficially, and, as a consequence, they tended 
to be diffused and easily rubbed off. Direct prints with opaque inks 
containing such pigments as titanium oxide frequently flaked off and 
exhibited considerable bleeding. Such difficulties are obviated, however, 
by printing upon the colloid when it is in the gel condition, thereby pro¬ 
ducing a print that is in some degree absorbed below the surface and in 
this way protected from abrasion. The gel is first conditioned by impreg¬ 
nating it with a water-miscible solvent for the dye to be used in printing 
it. The pigments which are used in the process may be Flutoform Black, 
Benzo Fast Red L and GL, Benzo Fast Yellow, Benzo Pure Blue, Colum¬ 
bia Blue, and Diamine Deep Black. The dye is dissolved in a vehicle 
consisting of a mixture of triethanolamine, butyl ether of diethylene gly¬ 
col, methyl ether of glycol, diethylene glycol, and water. The proportions 
of the constituents may be varied, depending on the characteristics of the 
colloid to be printed. When used, the ink penetrates the gel, and as the 
vehicle evaporates, the dyes remain inside the colloid. 

A second method of printing upon such hydrophilic colloids employs 
inorganic pigments. The colloid, in the gel condition, is impregnated 
with a salt solution, either throughout the body of the object, or in 
special areas which will form a design. A second salt, which will react 
with the first to form a precipitate, is then applied to the pellicle of 
colloid. Thus, if a colloid which has been conditioned with sodium 
dichromate is printed with a solution of lead acetate, an insoluble yellow 
precipitate of lead dichromate will be deposited in the interior of the 
material. Ferric ferrocyanide, lead sulphate, or cadmium sulphide, which 
form respectively blue, white and light yellow pigments, may be pre¬ 
cipitated in the pellicle, and may be used as a background for printed 
matter as produced in the first procedure (above paragraph), or they 
may be employed by themselves to produce printed material. 

Printing on Rubber 

Rubber printing inks should be free from pigments or driers contain¬ 
ing copper, iron, lead or manganese, since they either affect the surface or 
form dark sulphides on vulcanization. For this reason also copper vessels 
or stirrers should be avoided in the manufacture of the inks. Red iron 
oxide free from copper or manganese may be used, also chrome yellow 
and chrome green. But the latter are often replaced by cadmium yellow 
mixed with ultramarine for green colors, since chrome pigments often 

s^T. K. Cornwell, U. 8. P. 2,121,021 and 2,121,022, June 21, 1938, to Sylvnnia Industrial Corp,; 
Chem. Abs., 1938, 32, 6083. 
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Courtesy The Rubber Age 
Courttsy American Ink Maker 

Ficure 66. Direct Printing of Inner Tubes (R. A. Crawford and D. B. Forman). 

render the finished article tacky. Solvents which tend to swell rubber, 
such as benzene, petroleum or turpentine, are to be avoided.-’^^ 

The rubber may be dusted with powdered sulphur (which combines 
with the rubber on vulcanization), and ink or colored rubber composi¬ 
tion applied and the material then vulcanized.^'^^ Markings or designs 
may be applied by fixing a transfer sheet, marked with copying ink con¬ 
taining glycerol, gum or glucose, to the rubber surface, which is then 
vulcanized and the marking thus transferred. The process is applicable 
for marking rubber insulation of electric cables.^^^ An ink containing 

P. Kluckow, Farbm-Ztg., 1932, 38, 380; Chem. Abs., 1933, 27, 855; Rev. Paint, Colour, Varnish, 
1933, 6, 3. 

Saul, British P. 275,298, 1927; Chem. Abs., 1928, 22, 2292. 
awR. T. Griffiths, U. S. P. 1,516,598, Nov. 25, 1924; Chem. Abs., 1925, 19, 420. 

J. Bowyer, British P. 317,620, 1928, to Callender's Cable & Construction Co., Ltd.; Chem. Abs., 
1930, 24, 2329; Brit. Chem. Abs. B, 1929, 864. 
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Figure 67. 

Branding of Packings and 

Belts (R. A. Crawford and D. 

B. Forman). 

Courtcay The Rubber Age 

Courtesy American Ink Maker 

Figure 68. 

Printed Mechanical IIoso 

Labels (R. A. Crawford and 

D. B. Forman). 

Courtesy The Rubber Aye 

Courtesy American Ink Maker 
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Courtesy The Rubber Age 
Courtesy American Ink Maker 

Figure G9. Assortmc'iit of Footwear Labels (R. A. Crawford and D. B. Forman). 

ji;lyecrol as a vehicle and lead chromate is made by boiling precipitated 
lead chromate and, before it is quite dried, grinding it into the glycerol. 
The ink may be used with a stamp pad on rubber tensile strips and will 
not be absorbed by the surface on stretching the rubber several hundred 
per cent.^’^® The ink is also reported to be highly resistant to heat and 
water. 

Rubber may be printed with inks which penetrate the surface. Such 
a composition consists of an aqueous solution of an aniline dye admixed 
with a small amount of fat or naphtha, or a water-soluble pigment dis¬ 
persed in latex. To promote penetration, the rubber may be warmed or 
covered with a film of latex.-"^ Another ink acting by penetration of 
rubber surfaces consists of a soluble color substance, alcohol-soluble 
induline, dissolved in a hydrogenated derivative of phenol, naphthol or 
naphthalene, such as tetrahydronaphthalene.-’^^ To the hydrogenated sol¬ 
vent other volatile organic compounds, for example, acetone, or methyl- 
ethyleneglycol, may be added. Also, heat-liquefied rubber has been 
utilized in printing on rubber.-^^® 

G. Coshion, Ind. Eng. Chem., 1927, 19, 45; Chem. Abs., 1927, 21, 836; Brit. Chem. Abs. B, 
1927, 147. 

M. M. Dessau, British P. 204,668, 1922, to Plantation Rubber Mfg. Co., Ltd.; Chem. Abs., 
1924, 18, 1067; J.S.C.I., 1923, 42, 1187A. 

WH. N. Morris, U. S. P. 1,715,209, May 28, 1929; Chem. Abs., 1929, 23, 3587; Brit. Chem. Abs. B, 
1929, 651; Rev. Paint, Colour, Varnish, 1929, 2, 283. P. Allman and H. N. Morris, British P. 296.461, 
1927; Brit. Chem. Abs. B, 1928, 827; Chem. Abs., 1929, 23, 2541. 

R. A. Crawford and D. B. Forman, Am. Ink Maker, 1939, 17 (3), 21. The Rubber Age, 1938, 
43 (5), 381. 
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Special Inks for Printing on Soft Paper 

Inks applied to paper napkins are required to be resistant to water 
and may have binding media, e.g., glue or albumin, which become insol¬ 
uble by printing at high temperatures.-^® Another ink for paper napkins 
is prepared by dissolving water-insoluble tannin lakes of aniline dyes in 
a spiritous solvent such as alcohol.^*^® 

On colored paper a white or dear-tone ink may be used. An illus¬ 
tration of the latter is a composition which consists of 100 g. titanium 
dioxide dispersed in a solution of 100 g. casein in 1 liter water, the latter 
containing 13 g. ammonia per liter.^®® 

Billings 2®^ suggests that inks intended for printing on paper towels 
can be rendered antiseptic by incorporating an appropriate proportion of 
a mixture consisting of 1 part nutgalls, 2 parts fir balsam, 2 parts extract 
of hemlock, 3 parts beeswax, 1 part pine balsam and 2 parts carbolated 
Vaseline. 

Printing on Textile Fabrics 

Designs or markings may be printed on textile fabrics with printing 
inks of widely varying compositions.-®- Possibly one of the first of these 
was that described by Reed and Eastwood,-®® which consisted of a color¬ 
ing agent incorporated into a solution of nitrocellulose in alcohol and 
camphor. Drying was effected by allowing the solvent to evaporate. 

Waterproof colored designs may be applied with the aid of a water- 
insoluble colored body, such as a '‘Sudan dye,” which is oil- or fat-soluble 
and is incorporated into lithographic varnish.®®** Curd soap is added to 
the varnish in a proportion of 25 per cent of the latter.®®® A washable ink, 
which is removable also by brushing, but is resistant to hydrocarbons, 
contains zinc white and a small amount of gelatin glue dispersed in a 
solution consisting of thymol, glycerol and water.®®^^ Printing or marking 
resistant to reagents used in various fabric-treating processes may be 
effected by a composition including a pigment or dye dispersed in a 
stabilized emulsion of natural latex or prepared rubber. If necessary, 
a swelling agent, such as benzene, and a filler, such as china clay, may be 
added. For example, a paste of china clay with an aqueous solution of 
ammonium oleate is admixed with a coloring substance, e.gf., Monolite 

M. Fleischer and H. C. Fleischer, British P. 268,340, 1926, to Seidenpapier Fabrik Eislingen; 
Chem. Aba., 1928, 22, 1244. 

*™H. C. Fleischer, British P. 409,272, 1934; Chem. Aba., 1934 , 28, 6001. 
French P. 788,406, 1935, to P. Chouanard & Fils & Cie. (Soc. Veuve); Chem. Aba., 1936, 30, 

1595; Rev. Paint, Colour, Vamiah, 1936, 9, 170. 

»>W. T. Billings, U. S. P. 1,233,962, July 17, 1917; Chem. Aba., 1917, 11, 2619. 
For a number of formulas of such inks see Tiba, 1926, 4, 45; Chem. Aba., 1926, 20, 1143. 

awp. Reed and J. Eastwood, U. 8. P. 256,596 and 256,597, April 18, 1882; J.S.C.I., 1882, 1, 187. 
Lithographic varnish is prepared by bodying raw linseed oil. See Chapter 3. 

«H. A. Wolinski, British P. 406,824, 1934; Chem. Aba., 1934, 28, 4818; Brit. Chem. Aba. B, 
1934, 413. 

»»C. J. Bullinger, U. 8. P. 1,162,027, Nov. 80, 1915; Chem. Aba., 1916, 10, 256. 
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Yellow G. Afterwards rubber latex is incorporated, and then benzene is 
added as an emulsifying agent.^®^ 

Textile fabrics coated with a cellulose ester, e,g., cellulose nitrate, may 
be printed with a solvent-free ink. The latter composition includes 20 to 
80 per cent of a pigment, and 0.015-2.0 per cent of a lead or cobalt drier 
dispersed in a drying oil-modified polyhydric alcohol-polybasic acid resin. 
The drying oil should be 45 to 60 per cent of the resin. This ink is 
said to dry tack-free in 12 to 16 hours and to remain plastic on the press 
for about 4 hours.-®® 

Inks which are resistant to dyeing and bleaching operations are used 
for printing or marking cellulose acetate fabrics; they may consist of a 
cellulose derivative solution, drying or semi-drying oil and a pigment. 
Such an ink may be produced, for instance, by grinding a dispersion of 
lead chromate in linseed oil or tung oil into a solution of nitrocellulose 
in ethyl acetate or in a mixture of ether and alcohol.^®® 

Another composition for marking cellulose ester textiles or other fab¬ 
rics contains a pigment, e.g.y carbon black, suspended in a liquid which is 
a solvent or swelling agent for the cellulose derivative. (Liquids of this 
type have been discussed in the section dealing with inks for printing 
Celluloid and Cellophane.) The vehicle should have a boiling point higher 
than 150° C. and be free from film-forming substances and solid thicken¬ 
ing agents. A partially esterified polyhydric alcohol mixed with a lower 
monocarboxylic acid is useful, for example, glycol monoacetate and acetic 
or formic acid.^®^ 

Suspensions of powdered aluminum, copper or brass dispersed in pastes 
of glue, gelatin or similar materials often serve for the production of 
metallic prints on cotton, rayon or other fabrics.-^^ Following the print¬ 
ing operation and drying of the films, the printed material is subjected to 
pressure by passage between calender rollers. Cellulose or its esters, 
natural or synthetic rubber, albumin or casein may be incorporated into 
the paste as fixing agents. 

One ty])e of synthetic rubber, a polymerization product of diolefins, 
finds application as a bodying agent when used in a paste with such 
materials as zinc oxide, lampblack, and soluble or insoluble dyestuffs as 
fillers.^®^ 

Interpolymerization products of the various vinyl ethers, such as vinyl 

L. P. Rendell and G. E. Scharff, British P. 405,315, 1934. to Imperial Chemical Industries, Ltd. ; 
Chnn. Aha., 1934 , 28, 4614; Brit. Chem. Aba. B, 1934, 334. See also French P. 759,114, 1934; Chem. 
Zentr., 1934, 105 ( 2), 183; Rev. Paint, Colour, Vamiah, 1934, 7, 294. 

D. McBurnev imd E. II. Nolhni, V. S. P. 2,049.507, 1936, to F,. I. du Pont de Nemours 
& Co.; Chem. Aba., 1936 , 30, 6586; Brit. Chem. Ab.a. B, 1937, 947. 

^ II. Platt and C. Drevfus.s, British P. 396,759, 1927. to British Celanesc, Ltd.; Chem. Aha., 1929, 
23, 2585; Brit. Chem. .Aha. B. 1929, 728, Canadian P. 317,112, 1931; Chem. Aba., 1932, 26, 1459. 

W, I. Tavlor an<l I^, B. Gibbins, British P. 473.627, 1937, to British Celanese, Ltd.; Chem. 
Ah.a., 1938, 32, 3176; Brit. Chem. Aba. B, 1938, 693. U. S. P. 2,165,522, July 4, 1939, to Celanese Corp. 
(»f America. 

P. Bellccour, Ivduatrie Textile, 1937, M, 298; J. Text. Inat., 1937, 28, 556.\; Rubber Rea. Aba., 
1937, 15 (12), 795; Rev. Paint, Colour. Var^uah, 1938, 11, 108. 

British P. 334,961. 1930, and 373,233, 1932, to I. G. Farbenind. A.-G.; Rev. Paint, Colour, Var- 
niah, 1930, 3, 244; 1932, 5, 276. 
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methyl ether, vinyl octadecyl ether, formaldehyde glycerol acetal vinyl 
ether, may be used with pigments to make pastes for printing on fabrics.^®® 

It is recommended, when printing on fabrics is carried out with 
engraved cylinders, that mineral or tar oil, natural or paraffin wax, or 
mixtures of these be added to the ink to prevent corrosion of the cylinders 
or other parts of the apparatiis.^®^ If starch is employed as the thicken¬ 
ing agent, oleic or other carboxylic acids of high molecular weight may be 
included also. The addition of the higher-boiling fractions of benzine is 
said to prevent foaming. 

Inks for Packages, Wrappers and Labels 

Inks used in printing labels for cartons or wrappings must possess 
resistance to light, heat and water, and also must be reasonably resistant 
to any chemical action of the contained product.^^® Thus, resistance to 
various alkalies and acids may be necessary. Also, non-bleeding in alco¬ 
hol is often required.^^® Soap-wrapper inks must be alkali resistant.^®"^ 
An example of an ink vehicle resistant to soap is one prepared by reacting 
an oil-soluble phenol-formaldehyde resin with China Wood oil and dis¬ 
solving the reaction product in 0.5 to 1 part of a hydrocarbon oil.^®® 

Cheese-wrapper inks arc subjected to the action of free volatile acids, 
amino-acids, ammonia and compounds containing the latter,2®® these sub¬ 
stances being produced by decomposition of various cheese products. 
Wrappers for meat products must be printed with inks which do not run, 
due to the action of lactic acid in the meat.®®® 

Extremely odor-free inks are required for odor-sensitive products such 
as butter. 

Most important is the question of toxicity. Distinction should be 
made between inks coming directly in contact with the wrapped product 
and those printed on the outside of wrapping material. Any possibility 
of ink offsetting should be carefully examined and preventive measures 
taken accordingly.®®^ 

The printing methods more frequently applied in this field are aniline 
printing (q.v.) for glassine, waxed paper and cellulosic, e.q.. Cellophane, 
wrappers. On the other hand, multicolor rotary printing is not objection- 

W. Reppe» F. Hoelscher and A. Schnpevoigt, U. S. P. 2,108,994, Feb. 22, 1938, to General Ani¬ 
line Works, Inc.; Chem. Abs., 1938, 32, 3166. 

2M British P. 226,164, 1923, to A. Holtman A Co.; Chem. Abs., 1925, 19, 1784. 
^ Paint Manuf., 1932, 2, 173; Rev. Paint, Colour, Varnish, 1932, 5, 232. E. F. Nurse, Paper and 

Print, 1939, 12 (1), 38; Rev. Paint, Colour, Varnish, 1939, 12, 180. 
»«C. E. Foss, Am. Ink Maker, 1932, 10 (4), 33; Chem. Abs., 1932, 26, 5438; Rev. Paint, Colour, 

Varnish, 1932, 5, 116. 
*"L. F. Hovt, Oil A Soap, 1935, 12, 48; Chem. Abs., 1935, 29, 2768. Also, Papier-Ztg,, 1938, 63, 

1288; Rev. Paint, Colour, Varnish, 1938, 11, 363. 

L. M. Larsen, Canadian P. 376,699, 1938, to Intarchemical Corp.; Chem. Abs., 1938, 32, 9530. 
W. Kuhn, Farben-Chem., 1934, 5, 205; Brit. Chcmj> Abs. B, 1934, 636; Molkerei-Ztg., 1934, 48, 

1882; Chem. Abs., 1935, 29, 1626. 
*» R. Roley, Am. Ink Maker, 1938, 16 (6), 18. 

R. Roley, loe. dt. 
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able in the case of folding cartons, paper milk containers and other 
heavier varieties of paper.®®^ 

In formulating the vehicles for the inks for food wrappers, certain 
types of oils must be excluded. Those considered undesirable because of 
their toxicity are tung oil and rosin oil; and fish oils, because of their 
penetrating odor. Mineral oils are not employed, since they do not dry 
to hard, insoluble films. Rapeseed oil should be avoided because of ite 
bitter taste and slightly rancid odor. Oils commonly used are linseed, 
soybean and perilla. The last is favored, as it yields practically odorless 
varnishes.®®® 

Selection of resins also should be carefully considered, especially for 
food wrappers. Synthetic resins, which are entirely odorless and non¬ 
toxic, are those of the pale ester gum or maleic anhydride-rosin-glyceride 
type.®®^ With regard to natural resins, those of the copal type, particu¬ 
larly '^Manila Loba C’* and “Run Congo No. 11,’^ are reported®®® as 
most suitable to be employed in inks for wrappers of odor-sensitive prod¬ 
ucts. Loba resins, being of light color, are desirable where the proper 
color of ink is important. Natural resins of the dammar variety have 
been found to impart a definite odor to the wrapped material, especially 
to butter.®®® The odor in many cases can be removed from varnish oils 
by blowing superheated steam through them.®®’^ 

Driers which may be used with safety are soaps of cobalt and man¬ 
ganese. Lead and cerium driers are to be avoided in food-wrapper inks, 
since they are considered highly toxic. Linoleates possess less odor than 
resinates or naphthenates. A mixture of cobalt linoleate and manganese 
borate ground into a perilla oil (which has been bodied) is said to be a 
satisfactory varnish.®®® 

Toxic pigments, of course, must be similarly avoided, such as those 
containing lead, cadmium, mercury, copper or arsenic. Many organic 
lakes and toners free of lead salts may be used, for example, phospho- 
tungstic and phosphomolybdic pigments. Generally speaking, all pig¬ 
ments free from heavy metals and arsenic, and that are insoluble in water 
and oils, may be regarded as nontoxic.®®® 

Another satisfactory variety of pigments in this field is the phthalo- 
cyanine blues. Their properties, which are especially appropriate, are 
fastness to acids, alkalies and light, as well as resistance to reducing and 
mild oxidizing agents. Phthalocyanine blues may be employed in inks 
for printing soap wrappers, parchment paper, posters, bags containing 
various chemicals, sucli as lime, salt, acid powders, fertilizers, etc., medi- 

U. Rolcy, loc. cit. 
R. Roley, loc. cit. 

R. Roley, loc. cit. 

H. Holzbergor, Am. Ivk Maker, 1938, 16 (4), 25; Chem. Abs., 1938, 32, 5086. 
J. H. Ilolzbrrger, loc. cit. 

R. Roley, Am. Ink Maker, 1938, 16 (6), 18. 
R. Roley, loc. cit. 
R. Roley, loc. cit. 
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cinal labels, metal foils for cheese wrappers. Their resistance to heat 
makes them useful for printing paper which is afterwards coated with 
molten wax, such as caps for milk bottles or drinking cups.*"^^^ In the cap¬ 
drawing process the cardboard, when in contact with the stamp, is sub¬ 
jected for a short time to a heat of about 220"^ C. Therefore inks for 
printing bottle caps must be resistant to heat and not contain softening 
substances.^^^ 

Meat-marking Inks 

An ink for stamping meat products may contain spirit-soluble nigro- 
sine, which, after being digested with a mixture of glycerol and glacial 
acetic acid, is admixed with ethyl alcohol.**^^- Another composition con¬ 
sists of Methyl Violet base dissolved in oleic acid and ether.*^^^ 

Animal products may be marked with an agent which penetrates the 
surface and changes the color of the tissue or walls of fat cells.^^^ Sul¬ 
phuric or nitric acid may be used for this purpose. A composition of 
this type consists of hydrochlorate of nitrobenzene, induline or nigrosine 
as coloring agents, incorporated with a mixture of glycerol and hydro¬ 
chloric acid.^^® An ink which contains a protein precipitant, e.g., formal¬ 
dehyde, may be employed for marking sausage skins and other animal 
matter. The vehicle consists of waterproof spar varnish, petroleum jelly 
and boiled linseed oil in which powdered alum or a formaldehyde solution 
is incorporated as a protein precipitant. At least 50 per cent by weight 
of pigment, c.g.^ titanium dioxide, should be present.*"'^® The applied 
marking is reported to be water- and smoke-resistant. 

Printing on Fruits 

An ink for printing on fruits consists of coloring matt(‘r, c.g., i)henolic 
solution of a spirit color, a color lake, a vehicle of amyl acetate and 
methyl alcohol and a phenol-formaldehyde resin, such as Bakelite 

The printing of vegetable fibers is improved by inclusion in the ink 
of a water-soluble salt of cymenesulphonic acid. The salts which may 
be used are those of copper, iron, potassium, sodium, ammonium, and also 
those of aniline, ethanolamine and pyridine. Glycerol, ethylene glycol, 
and thiodiglycol, and a hydrotropic agent such as urea, diethylmctanilic 

Am. Ink Maker, 1937, 15 (8), 17. 
W. Ktihn, Papier-Ztg., 1937, 62, 1448; Chem, Zentr., 1938, 109 (1), 741; Hcv. Paint, Colour, 

Varnish, 1938, 11, 109. 
*15 L. S. Paddock, U. S. P. 1,895,641. Jan. 31, 1933, to Swift & Co.; Chem. Abs., 1933, 77, 2505; 

Brit. Chem. Abs. B, 1934, 28; Rev. Paint, Colour, Varnish, 1934, 7, 22. 
ai«L. S. Paddock. U. S. P. 1,868,071, July 19, 1932, to Swift & Co. ; Chem. Abs., 1932, 26, 5220; 

Brit. Chem. Abs. B, 1933. 436. 
R. W. Johns, U. 8. P. 1,863,903, June 21, 1932, to Swift 4 Co.; Chem. Abs., 1932, 26, 4390. 

«*J. Hauser, U. S. P. 875,174, Dec. 31, 1907; Chem. Abs., 1908, 2, 1204. 
*>* C. T. Walter, British P. 447,368, 1935, to Industrial Patents Corp.; Bnt. Chem. Abs. B, 1936, 

662; Chem. Abs., 1936, 30, 7884, See also U. R. P. 2,119,729, June 7. 1938; Chem. Abs., 1938, 32, 6953; 
Canadian P. 373,465, 1938; Chem. Abs., 1938, 32, 5098. Both patents to Industrial Patents Corp. 

*55 M. Sinozaki, Japanese P. 93,651, 1931; Chem. Abs., 1933 , 27, 1529. See also Carleton Ellis, 
**The Chemistry of Synthetic Resins," Reinhold Publishing Corp., Now York, 1935, 453. 
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acid, or benzylanilinesulplionic acid may be included in the ink. Anthra- 
quinone, or its derivatives, used as a reducing catalyst, sodium hypo¬ 
sulphite, as a reducing agent, and an alkali are also used in producing 
the vehicle. To the mixture made by these materials, a dyestuff is added 
to complete the paste which is used as a basis for the ink.^^® 

Ink for Linoleum 

In printing designs on linoleum or other floor coverings of like charac¬ 
ter, the usual practice has been to employ an enamel (f.e., drying oil 
varnish and pigment) and apply such to the covering with the aid of 
wooden blocks. The disadvantage connected with the use of such printed 
films is the long time required for their drying. Several compositions 
have been proposed in the endeavor to overcome or mitigate this objec¬ 
tionable feature. 

Whitescarver and Hopkins suggest employment of a varnish con¬ 
sisting of a glycerol-phthalic anhydride resin modified with rosin and 
dissolved in a drying oil. This varnish then may be admixed with an 
appropriate quantity of pigment. However, in some cases the varnish 
may be diluted with approximately an equal quantity (by weight) of a 
hydrocarbon solvent, cither aliphatic, aromatic, or a mixture, boiling at 
150 to 200° C. 

Printing lacquers applicable for floor coverings and containing nitro¬ 
cellulose have been described also. A typical example is one containing 
the following ingredients:^-^ 10 parts of nitrocellulose, 25 parts of ester 
gum, 30 parts of xylene, 30 parts of fenchone, 5 parts of dibutylphthalate, 
and 25 parts of ]ngment. Semi-drying oils, for example castor oil,^-^ or 
drying oils, c.cj., linseed oil,'^-- as well as esters such as ethyl or butyl 
lactate and triphenyl phosphate may be incorporated also. 

«“0. Albroclit ftnd M. Boinmer, U. S. P. 2,128,599, Aur. 30, 1938; British P. 486,445, 1938; Cliem. 
Abs., 1938, 32, 8795; both to Soc. pour I'ind. chiin. a Bale. 

8>eW. F. Whitescarver and H, H. Hopkins, U. S. P. 1,942,736, Jan. 9, 1934; Chem. Abs., 1934, 
28, 1880. 

D. R. WipRnin, U. S. P. 1.966,846. Api. 9, 1935, to Hercules Powder Co.; Cfum. Abs., 1935, 29, 
3539; Rev. Pamt, Colour, Varnish, 1935, 8, 221. 

Briti.sh P. 275,949, 1926, to Armstrong Cork Co.; Chem. Abs., 1928, 22, 2476; Brit. Chem. Abs. 
B, 1928 , 866. 

.r>2 p x. Walker n?id A. C. Hetherington, British P. 360,815, 1930, to Imperial Chemical Industrie.';, 
Ltd.; Chem. Abs., 1933, 27, 1222. 



Chapter 15 

Printing Inks for Miscellaneous Purposes 

Special Printing Processes 

The preceding chapters have discussed the more frequently employed 
printing processes, such as typographic, planographic, lithographic, offset, 
photogravure and intaglio, the main constituents of inks—their vehicles, 
their pigments, and other constituents employed in them—and emulsion 
inks. In this chapter are reviewed the more unusual inks and printing 
effects. Many of the ink compositions to be discussed, such as those for 
wood grain effects and embossing, and bleachable and safety inks, find 
only limited applications. Others are novel in that they are intended 
for such purposes as the preparation of games, trick displays, and unusual 
advertising schemes. These inks are the fluorescent, sympathetic, and 
phosphorescent types. Included also are types of composition which 
may be designated *^semi-printing’^ inks. These are neither press inks, 
nor are they actually writing inks, but they are employed nevertheless in 
what may be called printing, or at least duplicating, processes. There¬ 
fore their inclusion is made to cover completely the field of inks used in 
making (by duplication or otherwise) printed pages or illustrations. 

Wood Grain Effects. By various methods an imitation wood grain 
may be printed on metals, paper, stone and cheap wood. Many times 
such cheap woods as pine and maple are printed with a graining to simu¬ 
late rarer and more expensive wood, such as mahogany or oak. Wall¬ 
paper may be printed so as to give the effect of wood panelling. Objects 
made of metal, such as safes and metal sills and window frames, are 
sometimes made to look like wood by graining or veining them. 

One method for printing grained effects employs an ink composed of 
60 per cent ethylene glycol, 7.5 per cent water with 30 per cent pigment 
and 2.5 per cent gum arabic. This ink can be applied on wood, metal or 
Pyroxylin (nitrocellulose) finishes.^ The wood or metal surface may be 
covered first with a coat of nitrocellulose lacquer and then the graining 
imprinted with an oil paste to which has been added acetone or some 
other solvent for nitrocellulose. 

Graining may be done by first printing on the material the basic color 
of the wood, that is, the shade of the lightest parts. Over this the vein¬ 
ing is printed in a darker shade. The wood to be counterfeited is photo- 

ij. M. Verderosa, British P. 315,214, 1928, and French P, 673,452, 1929, to E. I. du Pont de 
Nemoun and Co.; Chem. Ab»., 1930, 24, 1783, 2622. 
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graphed and this photograph is made into a half-tone block for printing. 
The impression is made by the intaglio offset process.^ 

In some instances, prior to the printing operation, the surface of the 
wood may be prepared by coating it with a foundation containing gelatin, 
albumin or other similar colloidal substance mixed with a hardening 
agent, such as chrome alum, formalin, or potassium dichromate. The 
wood is then printed with a greasy ink by a half-tone prepared from a 
photograph, as mentioned above.* 

Another procedure provides a permanent, non-bleeding pigment, imi¬ 
tating the grain of wood in printing, dispersed in a vehicle composed of 
about 4 per cent of a rosin, such as shellac, accroides, kauri or elemi, and 
a small amount of alkali resin solvent, such as ammonium hydroxide. 
The solvent consists of a mixture of terpineol and higher alcohols of a 
boiling point ranging from 150 to 230° C. The vehicle should be a non¬ 
solvent for cellulose esters.** 

Printing on Leather. In the printing of leather, special precautions 
have to be observed as to the preparation of the surface to receive the 
ink. The leather is sometimes tanned with formalin vapor instead of by 
the usual tanning methods.® 

Sometimes the tanned skin may be treated with a solution of nitro¬ 
cellulose or other cellulose derivative which will serve as a color-retaining 
base. The design is printed on this priming layer with a casein-carried 
pigment and, after it has dried, the leather is given another thin coating 
of the material used in priming. The printed object then is finished by 
glazing.® By the condensation of aromatic hydrocarbons with cellulose 
waste products in the presence of normal aliphatic alcohols, neutral or 
slightly acid vegetable oils and naphthenesulphonic acid, a filler or body¬ 
ing agent for a leather-printing ink is said to be formed. In the prepa¬ 
ration of the condensation product, 5 parts of collodion are mixed slowly 
with 25 parts of a slightly acid vegetable oil and 5 parts of cellulose waste 
products until the mass is homogeneous. To this mixture 1 part of 
methyl or ethyl alcohol is added and the whole is emulsified with a mix¬ 
ture containing 12 parts of tetrahydronaphthalene, 5 parts of water, and 
0.5 part of alkylated naphthenesulphonic acid. The tetrahydronaphtha¬ 
lene may be replaced as solvent by an organic solvent, such as benzene, 
toluene, xylene, trichloroethylene, or carbon disulphide."^ A solution of 
nitrocellulose to which coloring matter and alcohol have been added may 
be used for printing on skins.^^ 

® British P. 318,.Wl nnd 310,000, 1020. to Masa Gos. m. b. H. Zur Ucrstollunc KunstHchcr Ober- 
flHclion; Rev. Paint, Colour, Varniiih, 1020, 2, 332. French P. 681,214. 1029; Chem. Abs., 1930 , 24, 4409. 

•L. J. Francis, British P. 322,279, 1928; Chem, Abs., 1930, 24, 2857. 
* C. B. Hemming:, IT. S. P. 2,008,018, July 16, 1935, to E. I. du Pont de Nemours & Co.; Brit. 

Chem. Abs. B, 1936, 652; Rev. Paint, Colour, Varnish, 1935, 8, 348; Chem, Abs., 1935, 29, 6082. 
»Y. Matsukane, .Tnpnnese P. 31,733, 1017; Chem. Abs,, 1918, 12, 1259. 
•P. Blat'/., U. S. P. 1,985,67.5, Dec. 25, 1935; Rev. Paint, Colour, Varnish, 1935, 8, 161; Chem. Abs., 

1935, 29, 1278. 
■^French P. 678,685, 1929, to Soc. anon, pour Find. chim. :\ Saint-Denis; Chem. Abs., 1930, 24, 3662. 
«P. Reid and J. Eastwood, U. S. P. 256,596 and 256,597, April 18, 1882, to Celluloid Mfg. Co.; 

O. A. Q. Mandeisloh, German P. 560,469, 1929; Chem. Abs., 1933, 27, 1216. 
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A procedure for printing with a glossy finish on leather consists of three 
steps. First the material is coated (by hot calendering) with a lacquer 
composed of 12.1 parts of nitrocellulose, 18.6 parts of pigments, 27.5 parts 
of castor oil, tricresyl phosphate or dibutyl phthalate, and 41.8 parts of 
solvent. A second lacquer is applied containing blown cottonseed oil in 
place of the castor oil. The last coat consists of blown castor oil or 
rapeseed oil.^ Silver or bright impressions may be made on leather using 
a vehicle of gum dammar thinned with China Wood oil and having a 
powdered metal pigment.^® 

Printing on Wood. Special consideration must be taken in the print¬ 
ing of wood, the surface of which is so absorbent that a priming coat 
must always be applied to prevent the ink from soaking in too much. 
The surface, after being smoothed, is sponged with a mixture of ammo¬ 
nium hydroxide and hydroxylamine hydrochloride (NhLiOH'HCl), and 
then with hot water. In case the wood does not absorb water readily, 
10 per cent of glycerol may be added to the hot water. 

An alternative procedure involves the use of a coating preparation 
consisting of a solution of 50 parts of rubber, 30 parts of white wax and 
60 parts of Canada balsam in 700 parts of turpentine, 20 parts of linseed 
oil, and 650 parts of benzene. Afterwards the wood may be printed with 
a fatty ink and subsequently coated with a varnish or lacquer for pro¬ 
tection against mechanical and chemical deterioration. 

Printing on Wall Paper. The inks employed in printing wall papers 
are made usually of pigments mixed with starch paste, glue, gum or some 
other adhesive material. A mixture consisting of powdered casein in 3 
to 7 times its volume of water, and borax to the extent of 12 to 18 per 
cent of the casein may serve as a binder. The mixture is heated to dis¬ 
solve the casein and borax, and the desired pigment is incorporated. 
After the paper is printed, the casein is made relatively insoluble either 
by passing the paper through a solution of formaldehyde or by allowing 
it to come into contact with the aldehyde vapors.’^ A good binding 
agent is said to be prepared by emulsifying 3 gal. of water, 2 qts. of 
kerosene, and 1 qt. of linseed oil with the aid of 1 i lbs. of soap powder 
and adding 2 lbs. of tapioca flour. The mixing is done in the cold and 
the composition is boiled until it becomes pasty.Most wall paper print¬ 
ing must be done in tw^o steps because of the necessity of printing a ground 
(background) color and a design on top of it. However, by printing the 
ground color with an oil ink and the overdesign with a water-soluble pig¬ 
ment, it is reported that the two operations may be done at the same 
time without fear of blurring the colors. The oil color, dissolved in tur¬ 
pentine, is applied with a smooth roller, while the paste color for the 

•Australian P. 22,568, 1935, to E. I. du Pont de Nomours A Co.; Chem. Zentr., 1936, 107 (2), 
3208; Rev. Paint, Colour, Varnish, 1936, 9, 381. 

'•F. A. Putman, U. 8. P. 1,203,779, Nov. 7, 1916; Chew. Ahn., 1917, 11, 104. 
«J. Richardson, British P. 409,424, 1934; Chem. Aba., 1934, 28, 6260. 
^ E. Josz, U. 8. P. 902,886, Nov. 3, 1909, to Soc. anon, du .Toxyl; Chem. Aha., 1909 , 3, 694. 
WA. Fleury, French P. 350,249, 1904; J.8.C.I., 1906 , 25, 71; Chem. Aha., 1907, 1, 1196. 

J. Heidorf, U. 8. P. 1,358,151, Nov. 9, 1921; Chem. Aba., 1921, 15, 438. 
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second printing may be thinned with glycerin and printed on the undricd 
ground.^® 

Color differences in printed matter arc obtained by increasing pres¬ 
sure on different parts of the print while passing through the press. 

The use of waste vulcanized rubber as a fixing agent has come to be 
well known. Old automobile tires may be used and the waste mixed 
with enough fresh rubber to give the product stability. The mixture is 
dissolved in a solution of camphor oil and naphtha, and copal varnish 
added as a diluent. Aside from being rather economical, the main advan¬ 
tage claimed for rubber is that it renders the printed material very 
flexible so it can be bent without cracking. The rubber solution is found 
also to be a protective agent against mildew and rust. Metal powders 
such as bronze and aluminum may be added as pigments for unusual 
effects in the wall paper. 

Embossing Inks. Although genuine embossing is a distinct art in 
itself and not strictly related to printing, except in the case of what is 
called color embossing, many types of inks have been composed which 
imitate the appearance of a raised finish. In plain embossing, a crest or 
design is cut in a steel die or plate and the impression made by the use 
of a die upon the paper, which is backed by a relief die faced with gutta¬ 
percha. In color embossing, the ink is brushed on the die and the surface 
cleaned, leaving ink only in the depressed portions of the plate. In what 
is called cameo embossing, the ink is applied only to the flat parts of the 
die with a small roller and the depressed portions are left imcolored. 
Small hand-embossing presses often are used by notary publics to imprint 
their seals on documents. 

The expense and slowness of embossing has caused the search for 
cheaper and mass-production means of producing the same effect. Most 
of this pseudo-embossing is done either by thermography, a process by 
which an ink, usually oily and slow-drying, is coated after printing with 
a fusible material, which is molded by means of a heated die,^® or by the 
use of an ink which contains a swelling agent which will be affected by 
heat. Powdered shellac may be fused on the characters printed in an 
ink composed of 73 per cent boiled linseed oil, 8 per cent rosin, 12 per cent 
carbon black, and 6 per cent Prussian Blue. Another composition which 
may be used consists of 1^ pounds of glycerol, 1 pound of dextrin, and 
4 ounces of aniline color. Many viscous liquid materials which are 
hygroscopic may be used as substitutes for glycerol.'^’® The fusing agent 
to be applied may be a powdered polymerization product of hydrocarbons 
of the diene series, or more specifically, of those compounds initially con¬ 
taining the group :C:CH2.“^ 

i«H. Biirmann, French P. 878,680, 1907; J.S.C.L, 1907, 26, 1137. 
i«C. Bittinger, U. S. P. 1,629,250, May 17, 1927 ; Chem. Abs,, 1927, 21, 2194. 

See Chapter 5. 
G. Rice, The Rubber Age, 1931, 28, 611. For a general discussion of wall paper printing and 

coloring, see F. Kuhne, Farbe und Lack, 1931, 36 (48), 514; (47), 520; (48), 530. 
«D. a. Elson, U. S. P. 1,438,815, Dec. 12, 1923; Chem. Abs., 1923, 17, 888. 

S. Lipsius, British P. 10,089, 1915; Chem. Abs., 1917, 11, 104. 
“German P. 676,889, 1933, to I. G. Farbenind. A.-G.; Chem. Ab*., 1933, 27, 3790. 
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Other compositions which are useful as embossing inks, which are 
reported to be very slow-drying, and which contain paracoumarone, are 
described by Schneider.-^ One is composed of 100 parts of dibutyl 
phthalate, 100 parts of paracoumarone resin, and 2i parts of a drier; the 
other of 100 parts of paracoumarone, 50 parts of dibutyl phthalate, 50 
parts of butyl stearate, and 2i parts of a drier. 

An example of the type of ink which is self-expanding is one com¬ 
posed of 10 parts of yellow dextrin, 1 part of sodium bicarbonate, 0.5 part 
of a pigment, and water. The leavening agent is the bicarbonate which 
decomposes when heated, releasing carbon dioxide.^^ 

A vehicle is used that will dissolve shellac. The colored granular 
shellac is spread on the wet print and then fused.^^ 

Tighe reports the use of rosin admixed with aluminum oxide as an 
embossing medium. A resinous thermographic base is used and the mix¬ 
ture of rosin and aluminum oxide dusted thereon. Aluminum oxide of 
such grain size as to be visible to the naked eye is used. 

Indelible and Resistant Inks-® 

Fabric and Laundry Marking Inks. Indelible inks were developed 
for the purpose of marking raw fabrics for identification and having the 
ink remain imeradicated during bleaching and subsequent processes. 
These inks are also needed for use in modern commercial laundries where 
articles should have identifying marks stamped or printed on them which 
will remain for the life of the fabric. 

An ink for marking cotton and linen which are to be bleached is com¬ 
posed of 1 part of coal tar thinned with 1 part of naphtha and 1/10 part 
pine soot.^®® The material is stamped with this ink and dried. Another 
formula requires 1 liter of a solution of 200 g. of tartaric acid in 1 liter 
of hot water, to which 100 g. of aniline oil are added, and, after this mix¬ 
ture becomes homogeneous, due to vigorous stirring, 100 g. of potassium 
chlorate are dissolved in the solution. It may be necessary to add more 
hot water to dissolve all of the chlorate. When the solution has cooled, 
it is allowed to stand about 24 hours and afterwards is filtered from the 
crystals of potassium bitartrate which have formed. The density of the 
clear solution of aniline chlorate (so-called) should be 7° Be. The liquid 
is thickened to the desired viscosity with gum arabic, and immediately 
before use 20 g. of copper sulphate are added. The printed areas should 
be allowed 24 hours to dry, after which they may be bleached. The alka¬ 
line bleaching material and the chlorite of lime acting upon the ink 
develop and make permanent the black color.-’^ An easily prepared mark- 

«A. Schneider, U. S. P. 1,992,016, Feb. 19, 1935; Chem. Abs., 1935 , 29, 2375. U. S. P. 1,966,907, 
July 17, 1934; Rev. Paint, Colour, Varnish, 1934, 7, 483; Chem. Abs., 1934, 28, 6002. 

»G. W. Brenizer anrl C. C. Hutaon, U. 8. P. 1,436,856, Nov. 28, 1923; Chem. Abs., 1923, 17, 642. 
«S. Lipsiufl, U. S. P. 1,928,668, Oct. 3, 1933. 
»J. J. Ti||he, U. S. P. 2,128,105, Aug. 23, 1938, to Norton Co.: Chem. Abs., 1938, 32, 8174. 
“F. Margmol, '‘Encres Speciales," Deaforges, Girardot, and Cie, 1928; Rev. Paint, Colour, Far- 

nish, 1929, 2, 803. 
^ alro A. I. Kosoi, Russian P. 46,647, 1936. 

Reimann*8 Farberzeitung; Pol, C.~Bl,, 29, 652; Chem, Zentr., 1875, 6 (3), 576. 



MISCELLANEOUS PURPOSES 399 

ing ink that is reported to be used in Hawaii on sugar bags consists of 
one pound of glue dissolved in one gallon of hot water, to which one pound 
of lampblack is added. It is stated that after two years of use, printing 
made with this ink would not smear with handling and was practically 
indelible.^® 

The crushed fruit of Semecarpus anacardium may be extracted with a 
liquid such as methylated spirit, gasoline, benzene, naphtha, ether, alco¬ 
hol or carbon tetrachloride and the resulting solution treated with an 
alkali, e.g., sodium carbonate, to neutralize the free acid. The liquid 
may then serve as an indelible marking ink when the mark, after being 
printed, is touched with dry soda ash or with a dilute solution of the 
salt.^® 

There are many indelible inks containing metals as the pigments. In 
most of them the desired metal is in the form of an unstable salt that 
decomposes and deposits the metal in the fibers of the cloth. Silver, gold, 
platinum, manganese, chromium, and lead salts are often employed. The 
formulas usually include gum arabic as a thickener, sodium carbonate, 
and some organic acid or a salt.®^ 

A laundry marking ink is composed of hematin extract, potassium 
dichromate, dilute hydrochloric acid, tannin and ferric chloride.®^ An 
ink which is invisible except when made fluorescent by ultraviolet light 
is used sometimes. The ink is very viscous and contains a dissolved 
fluorescent substance such as petrolatum or xylene. During dry clean¬ 
ing or laundering practically all of the composition is removed except 
minute particles of the fluorescent substance, which are left in the 
fabric.®^ 

Indelible Inks for Paper. There are many inks for the printing of 
permanent records and for the prevention of fraud in connection with 
documents, checks, and various other securities.®® Ferrous and ferric salts 
may be added to black printing inks, and since these salts form com¬ 
pounds with the cellulose of the paper and the substances used in sizing, 
it is easy therefore to detect any attempt to remove the black.®'^ By add¬ 
ing a dye to a mixture of turpentine, asphaltum, resin, alum, and bees¬ 
wax, an indestructible ink for paper may be made. In this case, how¬ 
ever, it is the vehicle which protects the dye, and not the pigment itself 
which is indelible.®^ Another such ink may be made by dissolving 2 parts 
of asphalt and one part of aniline oil in 16 parts of a solvent, e.g., carbon 
tetrachloride, and adding enough methyl salicylate (oil of wintergreen) 
to perfume the mixture.®® 

** J. P. F., Hawaiian Planters’ Monthly, 28, 424; Chem, Abs., 1910, 4, 397. 
»J. M. H. (Ic Bretton, British P. 190,232, 1921; 1923 , 42, 151A; Chem. Abs., 1923, 

17, 2941. 
*®A. Chnplpt, Rev. mcnsurlle du blanchissngr, blanchinient, opprets, 1921, 15, 19, 23, 29, 32; Chem. 

Abs., 1922. 16, 504. 
«M. Shmo7.aki, Japanese P. 101,700, 1933; Chem. Abs., 1934 , 28, 5262. 
«L. S. Smith, Jr., U. S. P. 2,056,809, Oct. 6, 1936; Chem. Abs., 1936, 30, 8648. 
** See also the section in this chapter on “Safety Inks and Paper.” 
3<W. Rcussig, German P. 17,462, 1881; J.S.C.I., 1882, 1. 145. 
“ F. L. Leech and A. Horrobin, British P. 1616, 1891; /. 8. C. 1892, 11, 446. 
••L. W. Lusoher, U. S. P. 1,820,631, Nov. 4, 1920; Chem. Abs., 19^, 14, m. 
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By impregnating sized paper with sodium nitrite and using an ink 
containing dianisidine, /3-naphthol, and oleic acid, a permanent printed 
record is obtained/^^ Lactic acid and a phenol or aromatic amine may be 
employed in an indelible ink which forms an insoluble azo color within 
the fibers of the paper.^® The sensitizing agent may be an aqueous or 
alcoholic solution of tannic or gallic acid, with which a printing material 
is used containing ferrous nitrate or a chromate, such as that of potas¬ 
sium, dissolved in water or some other appropriate solvent.'*^ 

Diphenylamine is often a component of indelible inks, as for example, 
one containing 15 parts of castor oil, 15 parts of glycerol, 3 parts of 
aniline oil, 5 parts of diphenylamine, and a small amount of Methyl 
Violet. Another ink comprises 15 parts of soybean protein, 15 juirts of 
aniline oil, 1 part of ^-naphthol, 5 parts of diphenylamine, and 5 parts of 
varnish.^® 

A quick-drying ink consists of water, Lysol, sodium nitrate, gum 
arabic, and a water-soluble dye.^^ A mixture of 300 parts of Methylene 
Blue, 740 parts of powdered talc, 55 parts of gum tragacanth, 25 parts of 
Japan wax, 100 parts of calcium stearate and 80 parts of ethcr-i)urified 
tannic acid forms a base for an indelible ink.**- A composition which, 
when used in printing mechanisms such as check-writers, will resist 
removal by organic detergents is composed of glycerol and a water- 
soluble leuco-ester salt of a vat dye, such as soluble Ponsole Jade (Ireen. 
If the dye becomes colorless in the reduced state, it is advantageous to 
add an auxiliary organic dye or pigment.'*’* 

Waterproof Inks. One type of vehicle for waterproof inks is com¬ 
posed of an acpieous dispersion of an oily or resinous condensation prod¬ 
uct which forms a water-insoluble resin when exposed to air. Drying 
oil-modified synthetic resins obtained from polyhydric alcohols, polybasic 
acids and unsaturated higher fatty acids (e.g., linoleic acid), or from 
phenol or urea, formaldehyde and drying oils arc examples of condensa¬ 
tion products which may be employed.^^ 

By using a printing paste containing a solution of a water-soluble acid 
dye and water-soluble salts of amines (having at least one basic nitrogen 
atom and derived from an aliphatic hydrocarbon possessing 10 or more 
carbon atoms per molecule) in an organic solvent which will dissolve 
basic dyes, a waterproof ink is obtained. For example, a composition 
made of Fast Blue Cloth GTB and //-stearylaminophenyltrimcthylam- 

«W. J. Murray, U. S. P. 1,509,872, Sept. 30, 1924; Chem. Aba., 1924, 18, 3720. 
»W. J. Murray, U. S. P. 1,514,222, Nov. 4, 1925; Chem. Aba., 1925, 19, 178. 
»U. A. D’Inzeo, British P. 280,088, 1927; Chem. Aba., 1928, 22, 3055. 

Z. Hattori, Japanese P. 91,387, 1931, to Syotaro Ohara; Chem. Aba., 1932, 26, 1810. 
«J. Rochat, Swiss P. 153,496, 1931, Chem. Aba., 1933, 27, 1217. 

Italian P. 286,597, 1936, to Soc. Anon. Matita Nazionale, Pennino Nazionale Prebistero; Chem. 
Zentr., 1936, 107 (2), 877; Rev. Paint, Colour, Vamiah, 1936, 9, 316. 

**B. W. Smith, U. S. P. 2,068,204, Jan. 19, 1937, to Todd Co., Inc.; Brit. Chem. Aba. B, 1938, 
1334; Chem. Aba., 1937 , 31, 2030. 

W. Lutzkendorf, German P. 585,167, 1933, to I. G. Farbenind. A.-G.; Chem. Aba., 1934. 28, 
1556. For the preparation of such resinous bodies, see Carleton Ellis, "The Chemistry of Synthetic 
Resins,” Heinhold Publishing Corp., New York, 1935. 

^ "Schultz Dye Tables,” 7th Ed., 1, 552. 



M1SCELLANE0V& PURPOSES 401 

monium sulphomethylate was dissolved in a mixture of ethyl alcohol and 
glycerol to form a paste which may serve as a base for waterproof inks.^® 

Fluorescent and Phosphorescent Inks 

The phenomenon of fluorescence has been known for centuries, mostly 
as a curiosity and a plaything for magicians. The complete explanation 
is not entirely understood, however, even at present. Certain materials 
possess fluorescence, which is the property of absorbing light rays of one 
wave length and emitting those of a different, and usually longer, wave 
length. Fluorescein possesses this property to a great degree and can 
be used in very small quantities to test for leakage and seepage in pipes 
and underground passageways. Phosphorescence is very closely allied 
to fluorescence, and is thought to be merely a variation of the same phe¬ 
nomenon. Phosphorescence is the property of a material whereby it con¬ 
tinues to emit light, which it absorbed at an earlier time, after the 
original source of light has been extinguished. 

Many materials, such as collodial zinc, barium, strontium and calcium 
sulphides, become fluorescent when affected by energy in the form of 
radium or uranium emanations, or by ultraviolet light rays. The use of 
this property has been made in the production of fluorescent paints and 
printing inks.**^ 

When radioactive material, such as a uranyl or radium salt, is incor¬ 
porated into the ink with a fluorescent material, such as colloidal zinc 
sulphide, the printed matter produced by the ink will fluoresce inde¬ 
pendently of any light source, and the poster or sign printed will glow 
in a dark room, or even slightly in the light. When 50 parts of one of 
these radioreceptive materials are mixed with 40 parts of a radioactive 
salt, such as radium-barium sulphate or carbonate, or the salts of actin¬ 
ium, ionium, mesothorium, uranium, or polonium, a fluorescent mixture is 
secured, which, when incorporated with a pigment and a resin in hempseed 
or tung oil, will form an ink for printing. The drying oil chosen must be 
as colorless as possible so it will not interfere with the fluorescence.^® 

Most fluorescent inks, however, contain merely the radio-excited mate¬ 
rial, which is made to fluoresce by means of '‘black light,” or invisible 
ultraviolet rays. This method of activation is simpler and much more 
useful in that the design printed may be changed by switching from 
visible illumination to ultraviolet rays, thus creating an interesting dis¬ 
play for advertising purposes or for amusement. 

One printing may be done in regular ink for illumination by visible 
light, while a second impression may be made in fluorescent ink for illu¬ 
mination by ultraviolet. Often the practice is to have a light burning 
in the vicinity of the printed matter, for example, a Cooper-Hewitt arc 

"Swiss P. 173,767, 1935, to Soo. pour rind chim. & B&le; Rev. Paint, Colour, Vamieh, 1935, 8, 403; 
Chem. Ah»., 1035, 29, 5681 

"German P. 510,565, 1928, to Deutsche GasglUhlicht-Auer-G. m. b. H.; Chem. Abs., 1931, 25, 879. 
A. Wakenhut, Papier~Ztg., 1938, 63 (49), 1000; Rev. Paint, Colour, Varnish, 1938, 11, 280. See also 
Deutacher Drucker, 1937, 44 (518), 76; Rev. Paint, Colour, Varnish, 1938, 11, 24. 

"E. F. Krapf, U. S. P. 1,097,981, May 26, 1914, to Joseph M. Flannery; Chem. Aba., 1914, 8, 2627. 
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lamp, enclosed in a deep purple glass tube to exclude all or most of the 
visible rays.^® 

To prepare the ingredient for a fluorescent paint, one part of dry 
benzanthrone, finely powdered, is intimately mixed with 5 parts of zinc 
powder and the mixture is heated in a current of hydrogen, nitrogen, or 
carbon dioxide. The product of the reaction distills off as a heavy yellow 
vapor and condenses on the cold portions of the vessel in rather large 
crystals which may be recrystallized from acetone or alcohol. The yield 
is about 80 per cent. 

The crystals so obtained have a yellowish green fluorescence and are 
very soluble in many organic solvents. The product is very stable ther¬ 
mally and is resistant to hot or cold acids and alkalies. When added in 
the proportion of about 1 to 10,000 to paraffin wax, it imparts to the 
latter a greenish yellow fluorescence. 

Fifty parts of this product are dissolved in 1 liter of toluene and 
20 per cent of Glyptal resin modified by a siccative acid. A varnish is 
obtained that will be strongly fluorescent when exposed to ultraviolet 
light. A 2-per cent solution gives a bluish green color, and a 0.2-per cent 
solution, a blue fluorescence.^^ 

The double sulphate of uranyl and potassium can also be used as a 
fluorescent ingredient of ink. The salt is ground dry until it will pass 
through a screen of 150 meshes per square inch. It is then mixed with a 
vehicle which must be transparent to ultraviolet rays to cause fluores¬ 
cence. Although the double sulphate of uranyl and potassium is the 
most desirable material, any uranyl salt, chemically stable and non-corro¬ 
sive, may be employed. By dissolving 55 grams of the sulphate and 25 
grams of a hydrocarbon polymerization product in 20 grams of toluol, a 
fluorescent ink is produced. A phthalic resin or Manila gum may be 
substituted as the bodying agent.*'^^ 

A fluorescent ink can be made by dissolving anthracene and rubber in 
benzene, and adding a material such as sulphur chloride to the solution to 
vulcanize the rubber after printing.^- 

Bleachable, Sympathetic and Safety Inks 

Bleachable Ink. The economic value of bleachable inks is marked. 
Material, such as telephone books, printed with an ink which is easily 
obliterated, can be used over again by bleaching the ink and pulping 
the paper for the production of new sheets. One of the best pigments 
for such bleachable inks is a logwood-iron lake. Logwood contains con¬ 
siderable tannic acid which forms a pigment with ferrous salts and which 
may be ground with a mixture of blown castor oil and dibutyl phthalate 
to furnish a paste.®® When printing is done with inks containing this 

^ R. F. Salade, Paper Conv. En. Ind., 1937, it (2), 10; Rev. Paint, Colour, Vamith, 1937, 10, 176. 
“French P. 816,841, 1937, to Cie. Nat. de Mat. Col. du Nord; Chem. Abe., 1938, 32, 1919. 
«£. Schueller and L. Grandenre, French P. 818,826, 1987; Chem. Abe., 1938, 32, 2767. 
“L. J. Buttolph. U.S. P. 1,66M76, Feb. 7, 1928; Chem. Abi., 1928, 22, 1244. 
“R. L. Drew, Am, Paint J., 19M, 20 (36), 64; Rev. Paint, Colour, Vamiih, 1936, 9, 220. 
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material in the form of a lake, the paper may be bleached by the appli¬ 
cation of sulphur dioxide.®^ 

Several water-insoluble dyes, such as Palatine, Agalma, Brilliant or 
Diamond Black may be employed alone or with other water-insoluble 
dyes for making bleachable inks. The pigments may be used in the form 
of a lake or as the insoluble material precipitates from an acid solution. 
By preparing the dyes in the presence of such dispersing agents as 
Turkey-red oil, glue, or sulphonic acids or their salts, e.g., alkylnaphtha- 
lene sulphonic acid, they will be precipitated in a more nearly colloidal 
state, making their application easier. Agalma black may be dissolved 
in water and precipitated by the addition of barium chloride, filtered, and 
mixed with a varnish. Any water present may be dispelled by warming 
or with the aid of drying rollers. Any of the pigments mentioned above 
may be bleached by the application of chlorine or of hypochlorites.®^ 

Dyes that react with formaldehyde to give insoluble compounds may 
be used when hexamethylenetetramine is incorporated into the ink. 
Formaldehyde is liberated from the hexamethylenetetramine in the pres¬ 
ence of water and heat of the press. The insoluble dyes formed are easily 
bleachable.®^ A bleachable ink is made by double printing so that an 
insoluble sulphide is formed by the action of the two inks used. An 
impregnated paper can be substituted for the first printing.®^ 

Sympathetic Inks. Although sympathetic or invisible inks have been 
known and used for centuries, their extended and practical commercial 
use has been feasible only relatively recently. Their main advantage is 
their novelty. By printing part of an advertisement in invisible ink and 
giving simple directions for developing the material, the advertiser can 
call attention to his product in a way that will make the customer remem¬ 
ber the message. However, one important fact to be taken into account 
is that unless the process of making the ink visible is quite simple, the 
experiment will not be done by many people. Besides the advertising 
value of sympathetic inks, there are other uses for them. Patterns for 
dresses may be printed across several pages of a newspaper to be brought 
forth if desired, and various games, toys, and novelty greeting cards may 
be made. Another application of such inks is in the making of tests and 
examinations for schools. The student answers the questions by applying 

Am. Ink Maker, 1936, 14 ( 7), 23; Rev. Paint, Colour, Vaniish, 1936 , 9, 315. See also Z. Angew. 
Chem., 1926, 39, 269; Chem. Ah»., 1926 , 20, 2071. Paper Trade J., 1934 , 98 (10), 41; Chem. Ab$., 1934, 
28, 2901. Chem. Met. Eng., 1933 , 40, 634; Rev. Paint, Colour, Varnish, 1934, 7, 22. 

“British P. 320,430, 1928, to I. G. Farbeniiul. A.-G.; Rev. Paint, Colour, Varnish, 1929, 2, 
331; Brit. Chem. Abs. B, 1929, 1047. See also, French P. 657,516, 1928, to I. G. Farbenind. 
A.-G.; Chem. Abs., 1929, 23, 4356. Italian P. 340.553, 1937; Chem. Zentr., 1937, 108 (2), 3967; 
Rev. Paint, Colour, Varnish, 1938, 11, 25; Italian P. 340,159, 1937; Chem. Zentr., 1937, 108 (2), 3967; 
Rev. Paint, Colour, Varnish, 1938, 11, 26. Italian P. 342,214, 1937; Chem. Zentr., 1937, 108 (2), 3676; 
Rev. Paint, Colour, Varnish, 1938, 11, 25. German P. 225,275, 1908, to .4ktein-Gesellschaft fiir Anilin- 
Fabrikation; Chem. Abs., 1911, 5, 1195. J. Hope, British P. Il7,0i^, 1917; Chem. Abs., 1918, 12, 2451. 
E. Schering, British P. 239,113, 1925, to Chemische Fabrik auf. Aktein vorm; Chem. Abs., 1926, 20, 
2082. L. L. Alsted, French P. 744,940, 1933; Chem. Abs., 1933, 27, 4400. E. Wydler, Swiss P. 179,454, 
1936; Chem. Zentr., 1936, 107 ( 2), 876; Rev. Paint, Colour, Varnish, 1936, 9, 299.. 

“British P. 116,109, 1916; Chem. Abs., 1918, 12, 2056. 
R. Jeannin, J. Bouillon and C. Bouillon, British P. 344,431, 1928; Chem. Abs., 1932. 26, 3943. 

Harry E. Brookly, U. S. P. 1,763,291, June 10, 1930, to U. S. Gypsum Co.\ Chem. Abs., 1930, 24, 3877, 
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a reagent to the specified place and the color of the ink appearing 
announces the veracity of his choice.®^ 

There are three general types of sympathetic inks. The first is a 
heat-sensitive ink that will appear upon gentle warming. The second is 
an ink that owes its properties to its waterproofing character. It keeps 
parts of a page dry when the paper is immersed in water or sponged, 
thereby causing a difference in color between the wet and dry portions 
of the paper. The third type is an ink containing a reagent which will 
react with a second one that is applied and thereby cause a color change. 

The most common example of the heat-sensitive inks is that type 
which contains cobalt chloride, a salt which in its hydrated (water- 
containing) condition is a pale pink only barely visible, especially in a 
thin layer such as on a printed page. In its anhydrous (dry) state the 
salt is a fairly dark blue. The substance is often used as a rain gauge 
because of this peculiar property. Cobalt chloride may be ground into 
a vehicle composed of a pale lithographic varnish, or in a water-type 
vehicle consisting of straw-colored dextrin which has been slowly and 
carefully cooked with glycerol. A considerable amount of the chloride 
must be included to insure sufficient concentration. Aluminum hydroxide 
is added to the vehicle to render the ink viscous enough for press work. 
Upon heating for a few seconds, the printing changes from an invisible 
state to a light blue color.®^ Other effects, such as changing from yellow 
to a green upon heating, may be caused by the inclusion of a colored dye 
in the ink; a yellow pigment, when heated, will cause a change to green, 
and when cooled, a reversion to yellow.®^ 

An ink of the cobalt chloride type is composed of 60 parts of denatured 
alcohol, 10 parts of cobalt chloride, 10 parts of glycerol and 20 parts of 
water.®^ 

The second type of sympathetic ink, in which the ink stays the same 
color, but the background changes, is practical in that the procedure may 
be repeated as often as desired, merely by wetting the paper and allowing 
it to dry after the effect is obtained. The use of nitrocellulose as a con¬ 
stituent of the ink along with ''Cellosolve'' acetate in the ratio of from 
95 to 98.75 per cent of nitrocellulose, and the remainder '‘Cellosolve'^ 
ester, lowers the permeability of the paper to water.^- Another mixture 
used is a 5 per cent solution of paraffin wax in a mixture of equal parts of 
xylene and acetylene tetrachloride.®^ 

The best use of this water-impermeable ink is with colored papers, 
especially antique papers, the dye of which, however, should be fast, for 
a soluble color would spoil the ink by running into it when the paper is 
wet. Magnesium carbonate mixed with slightly bodied tung oil or with 

»H. Peterson and J. Person, U.S. P. 1,884,197, Oct. 25, 1933 ; Chem. Abs., 1933, 27, 891. 
“R. Roley, Am. Ink Maker, 1938, 16 (4), 18. A. Rogers, British P. 235,022, 1933, to Miino Corp.; 

Chem, Ab$., 1920, 20, 997. 
« H. Wyse, British P. 12,872, 1900; J. S. C. /., 1907, 26, 821. 
«tW. EUins. British P. 400,181, 1937, to John Dickmson A Co.; Chem. Aba., 1937, 31, 8231. 
«»W. Quthmannj U. S. P. 2,0^,372, June 15, 1937; Rev. Paint, Colour, Vamiah, 1987, 10, 341; 

401,593, Dec. 27, 1922; Chem. Aba., 1922, 16, 990. 
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light-bodied, water-white linseed oil lithographic varnish, to which is 
added some hygroscopic salt, such as calcium chloride, which becomes 
white when wet, is reported to be a suitable base for a sympathetic ink.®^ 

The third type of sympathetic ink may be composed of various mate¬ 
rials which will react when treated to form a colored product. The prin¬ 
cipal reagent used in the body of the ink is phenolphthalein, a dye which 
is colorless in the acid condition, but which turns a brilliant red when in 
the presence of alkalies. The ink may be brushed over or dabbed with a 
dilute solution of any alkaline material, e.g., sodium carbonate, borax, 
soda or potash lye, or ammonia. This type of ink is comparatively easy 
to colorize. Other inks contain a material such as ferrous sulphate, 
which forms a blue color when in contact with a ferricyanide such as that 
of potassium. Ferrous salts also form colored dyes when they react with 
gallic or tannic acids. The main objection to the use of these inks is the 
difficulty in obtaining the chemical necessary to bring forth the color, 
and the usual procedure is to include with the piece of printed material 
an envelope containing a small amount of the required reagent. Alu¬ 
minum hydroxide must be added to all the inks prepared, as stated above, 
to thicken them, and some opaque white must be added to cover the color 
of the chemical used. When the ink contains a ferrous salt and the 
printed matter is treated with ammonium sulphocyanide, a brilliant red 
color is produced. In the case of all of the inks of this third type, except 
those containing phenolphthalein, the color, once produced, is permanent, 
and the action cannot be repeated.®® 

An ink composed of phenolphthalein, glycerol, alcohol and carbon 
tetrachloride may be used to print patterns for garments on the pages of 
a newspaper, as is sometimes done in foreign practice.®® 

When a card sensitized with a gelatin solution of an alkali halide or 
an alkali salt of an organic acid, c.g., sodium or potassium bromide, 
chloride, iodide or acid tartrate or citrate, is printed upon with an ink 
containing silver nitrate, the image, which originally is invisible, will be 
made to appear black by the use of one of the ordinary photographic 
developers, such as hydroquinone, elon, or pyro. In the procedure, the 
card, after being sized and printed, is exposed to light and then bleached. 
A second piece of paper, attached to the first so it may be folded over 
upon it, is impregnated with the developer and requires but a wetting 
with water to bring out the image when pressed to the printed card. The 
ink employed contains 100 parts of distilled water, 250 parts of silver 
nitrate, 75 parts of alcohol, and 200 parts of glycerol.®'^ 

The effect of iodine upon starch has served as the basis for the manu¬ 
facture of one variety of sympathetic inks. One procedure is to print 
upon a starch-saturated card or paper a solution of 1/10 g. of iodine in 

R. Roley, loc. cit. 
* R. Roley, loc. cit. Also A. RoRors, British P. 235,922, 1923, to Miino Corp.; Chem. Abs., 1926. 

20, 997. 
H. Collins. British P. 235,968, 1923; Chem. Ahtt., 1926 , 20, 998. 

WW. F. Mansell and W. H. Mansell, British P. 27,233, 1908; Chevx. Ahs., 1910, 4, 2191. 
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water-saturated benzene. The characters appear purple or blue, but 
disappear quickly. Thereafter a piece of blotting paper soaked with a 
solution of iodine in water will, when brought into contact with the 
printed matter, bring out the color again. This step may be repeated as 
often as desired.®® Another action producing the same effect consists of 
bringing one paper, printed with starch and an acid, into contact with a 
second which is saturated with a water-soluble iodide and a water- 
soluble nitrite. The iodine set free in the reaction colors the starch.®® 

When paper, pretreated with a dilute salt solution, is printed upon 
with an ink containing silver sulphate or basic mercuric nitrate and 
treated with a solution of sodium or potassium sulphide, a black color 
results due to the formation of silver or mercuric sulphide.'^® 

A rather unique type of sympathetic ink is one that does not change 
color at all. It is a white ink with a clay-like texture that is composed 
of Paris white or titanium dioxide as a pigment, a colorless lithographic 
varnish and a small amount of drier, which may be lead naphthenate or 
manganese borate. The safety of this ink is its best feature, and it may 
be employed in children’s picture books and various other toys. It is 
applied to a high-gloss paper, and when a soft pencil is lightly rubbed 
across the paper, the ink, being of a rough texture, rubs the lead off the 
pencil, and becomes blacker than the paper, thus indicating the mate¬ 
rial printed. A sympathetic ink, related in a way to what is known as 
^^touch-paper,” contains a considerable proportion of potassium nitrate 
(saltpetre) in a transparent lithographic varnish to which is added some 
paraffin wax and also some aluminum hydroxide as a filler or thickener. 
The ink is applied to a fireproof paper and when the film is touched with 
a match or cigarette, the ink will burn along the lines of the design, leav¬ 
ing a back trail of ash.'^^ 

Safety Inks and Paper. The principle of practically all of the so- 
called ‘^safety” inks is not their indelibility, but their peculiar ability 
when tampered with to exhibit tell-tale reactions. They are a sort of 
warning bell of fraud. Some of these inks change color when treated with 
acids and bleaching agents, while others blur and diffuse throughout the 
area in contact with the reagent used. Some of the safety papers are 
colorless until an attempt is made to alter the document, when they 
become colored as evidence of the tamj)ering. By including about 10 per 
cent of a mixture of a water-soluble dyestuff and an oil vehicle in the 
inks used in printing revenue stamps, the use of any water for the purpose 
of removing the stamp will be shown by a smudged effect due to the run¬ 
ning of the water-soluble pigment.'’^^ 

By using an ink the color of which is a function of the acid concen¬ 
tration, any employment of an acid bleaching agent may be detected by a 

** A. Gawalowski. Pharm. Monatahefte, 1926, 7, 47; Chem. Abs., 1926, 20, 1913. 
«F. Baggaley, British P. 416,636, 1934, to McCorquodale A Co., Ltd. ; Chevi. Abu., 1935, 29, 860. 

A. Gawalowski, /oc. cit. 
R. Roley, loc. cit. 

” A. Wittnebel, U. S. P. 2,116,374, May 3, 1938, to American Bank Note Co.; Chem. Aba., 1938. 
32, 6237. British P. 460,232, 1937; Chem. Aba., 1938, 32, 814. 
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variation in the shade of the ink. An indicating ink of this type is made 
from the zinc chloride salts of a mixture of hexamethyl- and pentameth- 
ylmonoethyl-p-rosaniline, the diazo dye from tetrazotized o-tolidine, 
sodium naphthionate, sodium hydroxide and monosodium phosphate.'^^ 

An ink which contains a metallic salt of a fatty acid (such as oleic 
or palmitic) will change its tint when treated with a detergent agent.'^'* 
This ink is applicable for printing on fiduciary paper or other valuable 
documents. By using colorless inks to print concealed figures on checks 
showing the valuation in case of any alteration, the application of ink 
eradicators will be shown by the coloring and ensuing visibility of the 
inscriptions.*^® 

Dianisidine and ^-naphthol, an amine and a developer, are dissolved 
in oleic acid and a nitrite added to form a solution usable for safety inks. 
The action of any bleach will cause a discoloration of the dianisidine, 
thereby staining the paper.Aniline hydrochloride may be used also and 
will discolor by the decomposition of the hydrochloride when a bleach 
comes in contact with paper.'^'^ The action of a hypochlorite or a weak 
acid will discolor water-soluble indigosols (sodium salts of leuco-sulphuric 
esters of various vat dyes), in the presence of an oxidizing agent."^® The 
application of a different principle is made by impregnating the paper 
(to be printed) with potassium prussiatc (cyanide) and including ferric 
perchlorate in the ink vehicle. The two salts, which produce a strong 
color upon coming together, are separated only by the oily medium of the 
ink, and will interact when any acid or alkali reagents (used to tamper 
with the paper) decompose this vehicle. The addition of magenta to the 
ink will intensify the discoloration thus produced."^® An improvement is 
said to be noted with any of the foregoing inks used for safety purposes 
if a wetting agent such as triethanolamine oleate is added to the vehicle. 

A ‘‘fugitive” or “security” ink is made by mixing 83 parts of dextrin 
with 17 of treacle or golden syrup, adding 50 parts of glycerol and enough 
aniline dye to give the desired color. These proportions may vary with 
the temperature, and in summer some salicylic acid or phenol should 
be added as a preservative.®^ 

Inks for Recording Instruments. Either water-glycerin or water- 
ethylene glycol vehicles may be used. The ])ereentage of water varies 
from about 25 to 50 per cent Direct dyes give better results than other 
dyes. Enough ethyl alcohol to keep the ink fluid at very low tempera¬ 
tures is added to the vehicle when necessary.®- 

E. Bayle, H. George and A. Mach^, U. S. P. 1,899,452, Feb. 28. 1933; Jicv. Paint, Colour, Var¬ 
nish, 1933, 6, 335; Bnt. Chem. Ahs. B, 1933 , 978. Briti.sh P. 305,028, 1928; Chem. Ahs., 1929 , 23, 4836. 

A. Azam and A. Schwartz, French P. 799,948, 1936; Chem. Abs., 1936, 30, 8663. 
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Inks for Printing Currency and Securities, One of the most exacting 
types of printing is that done in the production of paper money and 
securities, such as bonds and stock certificates. Engraved copper and 
steel plates, which are very delicately etched, are employed in this work; 
therefore an ink must be used that will not cause unnecessary wear over 
long periods and that will bring out, upon printing, the fine lines of the 
plate without smudging or smearing. The inks must show very fine 
gradations of color shade in order to prevent photomechanical counter¬ 
feiting. The vehicle of the ink must be short, buttery and greaseless. 
Certain pigments that easily become black cannot be incorporated 
because they would greatly simplify the practice of photomechanical 
counterfeiting, which consists of photographing a piece of paper money 
and etching a plate from the photograph. When paper money is printed 
in a green that is of different shades, counterfeiting cannot be effected 
very easily because the camera will not differentiate between two or more 
shades, but the process will work to advantage if the ink can be con¬ 
verted to a solid black, thereby simplifying the photographic process. 

Security and currency inks are manufactured by mixing a light-fast, 
water-insoluble ink with well burnt linseed oil, or plate oil, and adding 
Paris white. Small amounts of driers may be included as needed.^ Ochres 
and colored earths are not satisfactory as pigments because of their harsh 
texture; zinc, lead and cadmium colors, cobalt blue and red, chromium 
oxide green, Paris green, and basic copper carbonate are not desirable 
because they can be turned black very easily by the action of hydrogen 
sulphide gas or by a solution of sodium or potassium sulphide.^ Zinc 
yellow is too soluble in water to be employed. Bronze blue, Milori Blue, 
and Prussian Blue are fairly good as pigments, but by a complicated 
chemical process it is possible likewise to make them black. The appli¬ 
cation of aluminum and calcium salts of organic acid dyes as pigments 
was formerly quite widespread, but these materials have been supplanted 
to a considerable degree by synthetic dyestuffs. Simmonds reports the 
use of orchil as a pigment for inks used in printing stamps, checks and 

drafts.®* 
The second most important ingredient of security inks is the filler or 

extender. It is necessary that the material give a dilution high enough 
' to prevent all the lines of the plate from printing deep blue or black. 

The use of gypsum or calcium sulphate is not recommended because 
slightly alkaline water (frequently used to clean the plates and press) 
acts upon the salt and the linseed vehicle to furnish a variety of cement, 
thus making it difficult to clean the plate, and streaks appear across the 
surface. Both barium sulphate and aluminum hydroxide are undesirable 
because they make for difficulty in cleaning the plate; kaolin or china 
clay imparts a greasiness to the ink. Zinc white and titanium dioxide 
make for a good working quality in the ink, but they do not give a good 

“J. P. Siinmonds, U. 8. P. 101,170, Mar. 22, 1870. 
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gradation of color. As mentioned above, lead-containing whites can be 
easily darkened and, too, they have a tendency to attack and darken 
copper plates. Paris white (calcium carbonate) is the extender most 
commonly employed. 

The vehicle most frequently found in ink for printing currency is 
refined linseed oil that has been burned to the degree desired. The burn¬ 
ing operation consists in heating raw oil until the vapors will ignite. 
Combustion is continued until a sample drawn off is of the consistency 
required. The sample to be tested is cooled and spread on a plate and 
examination made of it for tack, consistency and length. If the oil is 
too thin it will not adhere properly to the paper; if too thick, it will gum 
the plates and show a tendency to smear on the paper. Of the driers, 
manganese borate seems to be one of the most desirable that can be 
found. 

A bank note ink containing barium chromate is reported by Eaton.®® 
Tannic acid and chromium oxide were suggested for use in ink for 

bank note printing.®® 

Various Printing Inks 

Inks for Printing from Rubber Type. As a rule, inks for printing 
from rubber printing plates are not as viscous as are those for metallic 
type faces. No material which would dissolve the rubber or cause it to 
swell may be included in the ink.®*^ A light-resistant ink used with rubber 
plates is composed of a highly dispersed suspension of a water- and 
alcohol-insoluble pigment in an aqueous-alcoholic solution of shellac. 
The ink is fast-drying and the rate of drying may be controlled by the 
proportion of water and alcohol in the mixture.®® 

The manufacture of bronze ink for printing from rubber type is aided 
by the inclusion of highly viscous polymerization products of aliphatic 
vinyl compounds (soluble in alcohol) as the binding agent for the powder. 
A typical ink may be composed of copper bronze, polyvinyl methyl ether, 
ethyl alcohol, and the acetate of glycol ethyl ether.®® 

To the aqueous-alcoholic shellac vehicle mentioned above, there may 
be added an alkali as an aid for dissolving the shellac or other plastic.®® 
Included in the ink is a pigment not affected by alkali, such as Hansa 
Yellow, Methyl Violet, soot, chrome yellow, ultramarine, Milori Blue, 
Lake Red, or Permanent or Lithol Red. Borax is recommended, but 

K. H. BrttinT, Am. Ivk Maker, 1935, 13 (11), 15. For a discus.sIon of vnrious tests for ink, 
800 Clinpter 17. 

A. K. Knton, U. S. P. 38,298. April 28. 1863. 
T. S. Hunt. U. S. P. 40,839, Dec. 8, 1863, 
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^German P. 649,474, 1937, to Kast and Ehinger O. m. b. H.; Papier-Ztg., 1937 , 62 (93), 1613; Rev. 
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7, 135; Chem. Abs., 1933, 27, 5989. 
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ammonia, inorganic or organic bases (other than alkyl hydroxyamino 
compounds) or ammonium carbonate may be substituted. 

Miscellaneous. An ink which is said to be non-inflammable is com¬ 
posed of a manganese pigment with a binder of shellac, borax and water 
By mixing an aqueous emulsion of white starch and Turkey-red oil with 
an ordinary printing ink, a frosting ink is secured.®^ An electrically con¬ 
ductive ink consists of a mixture of carbon black, pow'dered graphite, a 
dilute colloidal solution of glue or gum arabic, sodium chloride, and an 
organic acid, w^hich may be citric or tartaric acid.®^ A rather novel type 
of ink having sulphite liquor as a basis is said to dry on paper only, and 
not on metals, cloth, or the hands of the operator, because of the chem¬ 
ical action of the vehicle upon the fibers of the paper.®^ 

Rubber and Latex Inks. Rubber and latex inks contain as a bodying 
agent raw rubber that is vulcanized after being printed, cither by a 
second process or by incorporating a vulcanizing agent in the ink itself. 
The advantages claimed for rubber inks are that they are capable of 
absorbing a greater amount of pigment than those inks containing nitro¬ 
cellulose, cellulose acetate or benzyl cellulose, therefore making for better 
covering power; that they are non-conductive of electricity, thereby 
reducing the fire hazard caused by static electricity when the ink contains 
benzene, xylene, toluene, etc.; that the impressions are impervious to 
rubbing as a cause of removing the print; that the inks containing rubber 
are light-fast, and that there is no striking through on the paper because 
the rubber has a sizing action upon the fiber. 

Rubber may be employed in both oil-containing and oil-free inks. 
Both types are reported to l)e resistant to acids, alkalies, salts, corrosive 
gases, and water, and yield ink films which remain more or less elastic, 
thus making for greater durability when this property is required. 
Impressions of the ink are highly lustrous, but may be subdued by the 
addition of chalk, magnesia, or blanc fixe. The inks dry faster than those 
containing resins. When rubber inks are used, the press generally is fitted 
with gelatin rollers.®^ 

Although inks containing chlorinated rubber arc apt to give off free 
chlorine due to the decomposition of the halogcnated ingredient, there 
is no corrosive effect upon the plates or upon the vehicle because of the 
protective action of the fillers and other substances present in the ink. 
Chlorinated rubber is soluble in practically all solvents used in printing, 
as well as in tung, soybean, and linseed oils. It can be used with many 
natural and artificial resins, with the exception of shellac, acaroid resin, 
ceresin wax and paraffin.®® 

»» H. A. Buck, U. S. P. 1.421.IM. June 27, 1922; Chem. Ahn., 1922. 16, 3004. 
WT. Morobosi, Japanese P. 93.296, 1931; Chem. Abu., 1933 , 27, 1529. 

K. Suzuki, Japanese P. 109,595, 1935; licv. Paint, Colour, Vnruinh, 1935 , 8, 403; Chem. Ahi*., 
1935, 29, 4958. 
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••H. Hadert, Am. Ink Maker. 1933, 11 (11). 9. T. V. Binmoro, F. S P. 1.552.907, Sept. 8. 1925, to 
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a R*®ord Inks. The requirements of fingerprint inks are 
that they be non-smeanng tacky enough to secure a complete impression 
of the prints, and that they be non-fading when kept on file. Most 
such inks should be non-staining so they will be rather easy to remove 
from the fingers after the impression has been made. A mixture of 
glycerol, gelatin, alcohol, and a colored earth pigment is made for securing 
print impressions. In preparing the ink, one part of gelatin is dissolved 
in 10 parts of heated glycerol and the mixture allowed to cool to 20° C. 
Half as much alcohol as glycerol is added and the mixture is ground 
with 5 parts of a blue pigment of the naturally colored earth materials.®^ 
Another formula consists of 50 per cent lanolin, or natural skin oil, 10 
per cent glycerol, and 40 per cent carbon black.®® 

Amalgam Inks. Amalgam inks are those that dry and set by means 
of the hardening of an amalgam rather than primarily by the drying of 
the vehicle. They contain a mercury salt and any salt of a metal with 
which mercury will form an amalgam, such as silver, cadmium, tin, or 
zinc. These salts are usually suspended or dissolved in glycerol.®® 

Another type of ink closely related to the amalgam ink is one con¬ 
taining mercury in the metallic state and designed to be used with a plate 
having mcrcurized or amalgamated non-printing areas. These plates 
are closely allied to those for offset and the lithographic presses in which 
the non-printing areas are coated with a gum, such as gum arabic.^®® 
Partially polymerized linseed oil, pigments, and mercury usually make 
up the ink. Linseed oil is heated to 315° C. without burning and with¬ 
out carbonization taking place (usually in a non-oxygen atmosphere) 
until the desired proportion of fatty acid, about 7 per cent, is obtained. 
The amount of mercury needed can be reduced by incorporation of an 
aqueous solution of borax and shellac with the ink. If no borax is used, 
the ink may consist of 52 parts of linseed oil, 35 parts of carbon black, 
9 parts of Prussian Blue and 35 parts of mercury. If the borax and 
shellac solution (2.5 to 5 per cent borax and 5 to 10 per cent of shellac) 
is included to the extent of 52 parts, the proportion of mercury can be 
reduced to 1.5 parts.’®^ The amalgam on the plate is regenerated by 
including the mercury in a finely divided state in the ink. The amalgam 
usually employed is one which contains silver, tin or cadmium, and which 
hardens on exposure to air.^®- 

Water Color Inks. AVater color inks arc employed in the printing of 
wall paper by the rotary ])hotogravure (rotogravure) process and also 
for stencil printing. In the photogravure process, the plate is etched 

«"E. Reit*o and E. Trujillo. British P. 208,930, 1923; Chem. Abs., 1924, 18, 1597. U. S. P. 1,506,082, 
Aujcust 26, 1924; Chem, Abs., 1924, 18, 3282. 

•"T. M. Price, U. S. P. 1,088.840, March 3. 1914; Chem. Abs., 1914, 8, 1515. 
«*H. llcnck, French P. 810,129, 1937; Chem. Ah.i., 1938, 32, 814. German P. 646.845. 1937; Chem. 

Abn., 1937 , 31, 6490. Dutch P. 41,981, 1938; Chem. Zentr., 1938, 109 (1), 1232; Rev. Paint, Colour, 
Vaniinh. 1938, 11, 194. Norwegian P. 59.521, 1938; Chem. Abs., 1938, 32, 8808. 

For a discussion of the offset and lithographio processes, see Chapter 9. 
101 A. R. Triat, British P. 807,535, 1929; Rev. Patnt, Colour, Varnish, 1929. 2, 151. 

Renck. British P. 474,880, 1937; Chem. Abs.. 1938, 32, 3644. British P. 493,502, 1938; U. S. P. 
2,154,866, Apr. 18, 1939. 
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to make the surface water-receptive and then it is inked with an aqueous 
solution of a dye.^®^ 

In one procedure for the manufacture of a water color ink, 2 parts 
of gum arabic are dissolved in 2 parts of water, and 18 parts of glycerin 
are added. The mixture is dehydrated by heat until the product attains 
a specific gravity of about 1.28. Pigment is then added and the mixture 
thoroughly ground.Aluminum soaps precipitated from the potassium 
soaps with AI2 (804)3 are also reported to be used.^®® 

Water-soluble inks are suggested for gummed labels to prevent their 
detachment or re-use, the water-soluble ink being on the gummed side 
and showing up when the label is wet.'®® 

When a gloss finish is desired, the composition may consist of a var¬ 
nish, stearin, cod-liver oil, turpentine, a volatile mineral oil, and a pig¬ 
ment, such as Bolognese chalk, or kaolin. An oil-soluble aniline dye 
may be added, thereby producing a colored impression.'®' Dean'®® 
recommends a mixture containing 25 pounds of gum arabic, 1 gallon of 
liquid soap, 100 pounds of dextrin, 20 pounds of starch, 40 pounds of 
glucose, and 10 gallons of water, with a half pint of a preserving agent, 
such as Lysol. 

Aluminum hydroxide, freshly precipitated by soda ash from solutions 
of alum, may be incorporated with dyestuffs to furnish the pigmenting 
material.'®® Another starch base ink made by the action of perborates 
and honey, dextrin or molasses has been reported."® Millet jelly, starch, 
and a silicate sol, admixed with a pigment, illustrates a variation in the 
formulas for water-soluble inks.'" 

Semi-Printing Inks 

Although these inks are not in a technical sense true printing inks, 
their inclusion is warranted to insure complete coverage of the field of 
what might be called duplicating inks. They are used in duplicating 
processes, such as stamping, mimeographing, typewriting, multigraphing 
and hectographing, and are more liquid in character than many printing 
inks, as they usually must permeate a cloth or paper-fiber medium by 
means of which the type is inked; or the material, such as paper, leather 
or cloth, is printed upon directly. In the case of hectograph ink, no type 

W. Gamble, Brit. Printer, 1930, 42, 265; BeiK Pnitit, Colour, Vamhh, 1930, 3, 176. H. N. Dur¬ 
ham, U. S. P. 1,^8,218, Dec. 29, 1931; Chem. Abs., 1932, 26, 1459. For the preparation of such plates 
see Chapter 11 on photorneclianiral pr^Kresses. 

J. Hoeffler, U. S. P. 1,660,196, Feb. 21, 1928, to J. Hoeffler A To.; Rev. Paint, Colour, Varnish, 
1928, 1, 172; Brit. Chem. Ahs. B, 1928, 614; Chem. Abs.. 1928 . 22, 1486. 

i«Tal8Uzo Sato, Japanese P. 37,198, 1920; Chem. Abs., 1921, 15, 3758. 
Franz Krcll, German P. 671,305. 

1®^ Swiss P. 75,976, 1917, to Firma Gustav Ruth; Chem. Abe., 1918, 12, 1128. 
»«*C. T. Dean, U. S. P. 1,607,060, Nov. 16, 1926; Chem. Abe., 1927, 21, 333. 
'®* N. Akaike, Japanese P. 90,835, 1931, to Sitizaemon Mori; Rev. Paint, Colour, Varnish, 1931, 4. 

250; Chem. Abe., 1931, 25, 5048. 

^A. F. Ware, British P. 346,311, 1928; Chem. Abe., 1933 , 27, 1529. 
R. Kurotaki and T. Ito, Japanese P. 94,742, 1932, to Tiuokiti Kohayasi; Chem. Abe., 1933, 

27, 2050. 
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or printing plate is employed in the actual process, a gelatin film being 
the medium of transfer. 

Stamp-pad Inks. Stamp-pad inks are of a non-drying or slowly 
drying type and are held for use in a thick permeable pad of soft cloth, 
or fibers covered with cloth. Frequently the type is made of soft rubber, 
but sometimes metallic faces are employed, especially when the mate¬ 
rial to be printed is soft and will accommodate its surface to the type, 
insuring intimate contact with every portion of the plate. Stamping is 
most frequently used in cancelling checks, printing meat or vegetables, 
numbering cards or papers with a hand-numbering machine, and print¬ 
ing cloth and irregularly shaped objects, such as bottles or jars.^^^ An 
ink that dries fast to light, water, and rubbing is made by dissolving a 
dye (e.g.. Xylene Fast Blue BL) in ethyl alcohol, butylglycol, glycerol 
and water.^^® 

Some hygroscopic agent, such as glycerol, is added to slow down or 
inhibit drying of the ink on the pad. The United States Bureau of 
Standards requires that 5 grams of dye can be dissolved in 100 cc. of 55- 
per cent glycerol (sp. gr. of 1.1415 at 20*^ C.) to make a stamp-pad ink.^^^ 

It is suggested that, because glycerol is held by some to be not suf¬ 
ficiently hygroscopic, some other agent should be included in the ink to 
retain moisture. Among those proposed as substitutes, ethylene glycol 
has been mentioned, as well as cresol, creosote or phenol,oleic acid,^^”^ 
tricresyl phosphate,'^® and various esters and salts of organic acids, such 
as butyl lactate, amyl tartrate, dimethylcyclohexanol oxalate, and potas¬ 
sium lactate solution. The main advantage of these liquids is that they 
are not for the most part, at least, easily volatile.^^® 

The Bureau of Standards specification makes provision for the use 
of the following standard pigments for stamp-pad inks: 

Black—Nigrosine Schultz No. 700 
Blue—Sol. blue Schultz No. 539 
Green—Light green Schultz No. 505 
Red—Magenta Schultz No. 512 
Violet—Acid violet Schultz No. 530 

Other dyestuffs are used, such as Methyl Violet, and the ferro-tannate 

C. Bechcr. Jr., Seifenzieder Ztg., 1934, 61 (11), 209; (12), 230; (13), 247; Rev. Paint, Col¬ 
our, Varnish, 1934 , 7, 195: W. Hacker, Farben-Ztg., 1921, 26, 1508; Chem. Abs., 1921, 15, 2197. 
A. Langer, Chem.-Ztg., 1920, 44, 951; Chem, Abs., 1921, 15, 1081. 

British P. 443,294, 1930, to Soc. pour Tind. chim. a Bale; Chem. Abs., 1936, 30, 5415. Swiss P. 
173,767, 1935; Chem. Abs., 1935, 29, 5681. 

Circ. of Bur. of Stand. No. 185, 1924; Chem. Abs., 1924, 18, 3282. 
German P. 309,911, 1917, to Th. Goldschmidt A.-G.; Chem. Abs., 1919, 13, 1772. 

’1* Y. Aoyama and S. Ynsojima, Japanese P. 35,607, 1919; Chem. Abs., 1920, 14, 3163. I. Siga, 
Japanc.sp P. 100,572, 1933, to Tovo Seiknn K. K.; Chem. Abs., 1934 , 28, 2553. C. M. Higgins. British 
P. 93, 1892; J.S.C.I., 1892, 11, 362; I. Sharov, Ru.ssian P. 28,266, 1929; Chem. Abs., 1933, 27, 3835. 

1” C. M. Higgins, British P. 15,8.57, 1890; J. S. C.I., 1891, 10, 252. British P. 15,858, 1890; J. S. C. /., 
1891 10, 253. 

i“W*. D. Potapov and I. Y. Postofskii, llu.ssian P. 37,781, 1936; Chem. Zentr., 1936, 107 (1), 198; 
Rev. Paint, Colour, Vartush, 1936, 9, 22. 

^British P. 156,212, 1921, to Chem. Fabriken Worms A.-G.; Chem. Abs., 1921, 15, 1821. A. L. 
Glover, British P. 424,628, 1935; Chem. Abs., 1935, 29, 5682. 

^ Cire, Bur. of Stand., No. 185, 1924. 
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and ferro-gallate lakes. SchifTman recommends incorporating a small 
quantity of carbon black with a mixture of a tannate or gallo-tannate 
of iron and a water-insoluble dye dissolved in acctin. An ink made of 
65 parts of crude cresol, 30 parts of cacao fat, 15 parts of raw lacquer, 
5 parts of Methyl Violet, and 5 parts of a perfume is said to be resistant 
to water, acids and alkalies.^^^ 

Carbolin, an oily black aniline dye, can be used in ink for stamping 
cloth. It does not decompose, and will not affect metallic dies.^-^ 

For use with wooden inking pads, an ink may be manufactured com¬ 
posed of a dye and a carrier containing cyclohexylidenecyclohexanone 
and a derivative, methylcyclohexylidenernethylcyclohexanone, dissolved 
in benzyl alcohol, diaeetone alcohol, or some other solvent which will not 
warp the pad, injure the rubber stamps, or rapidly evaporate.'-^ The 
inclusion of diethyl phthalate, a softening agent for cellulose esters and 
other cellulose derivatives, softens the wood of the pad and effects greater 
penetration of the ink.^-^ 

A solvent very penetrating to paper fibers, hut which will not evapo¬ 
rate readily when exposed to air, is ‘‘butyl Carbitol” or monobutyl ether of 
diethylene glycol. It is best used in a concentration of 40 per cent water 
and 20 per cent “butyl Carbitol.” According to Waters, an inking pad 
saturated with this liquid mixture did not dry after weeks of exposure.^-® 

A black stamping ink for printing on linen and cloth is prepared by 
coarsely crushing anacardium nuts and extracting the dyestuff from 
them with petroleum ether. When the material is printed the color will 
first be a yellowish brown, but upon the application of ammonium 
hydroxide or lime water, the impression will turn to a resistant black, 
which will be impermeable to saturated solutions of many bleaching 
agents, potassium cyanide, acids and alkalies. 

Mimeograph or Stencil Inks. The medium for stencil duplication 
consists of an impermeable sheet of paper, through which lettering or 
drawings are cut, wrapped around an ink drum. The drum has around 
it a blanket of soft cotton or some other fabric through which the ink 
soaks and comes into contact with the stencil sheet. The ink goes 
through the openings cut and reproduces the design on paper which is 
run through the machine as the drum is rotated or oscillated. The ink is 
a non-drying or slowly drying variety, and its method of setting consists 
of the dispersion of the solvent into the fibers of the paper printed upon. 
The stencil paper is usually a thin tissue impregnated with a wax-like 
material which renders it impermeable, but which is easily broken by a 

Schiffrnan, British P. 172,588, 1921; Chem. Aba., 1922, 16, 1512. 
*** Y. Aoyama and S. Yasojima, loc. cit. 
1* Jacobsen, lnd.-Bl„ 14, 12; Chem. Zentr., 1877, 8 (3), 96. 
^ A. L. Glover, loc. cit. 
^3. Ehrlich, Austrian P. 130,240, 1932, to Finna W. Koreska; Chem. Abs., 1933 , 27, 1216. French 

P. 726,220, 1931; Chem. Aba., 1932, 26, 4969. British P. 376,612, 1932; Chem. Aba.. 1933 , 27, 3627. 
German P. 576,190, 1933; Chem. Aba.. 1933, 27, 3835. 

“•C. B. Waters, J. Reaearch Natl. Bur. Standarda, 1938, 20 (4), 543; Chem. Prod, and Chem. 
Newa, 1938. 1 (2), 47; Rev. Paint, Colour. Vamiah. 1938, 11, 194; Chem. Aha.. 1938, 32. 5234. 

Biittger, Jahreaber. Phyaikal. Ver.. 1870-71, 23; Chem. Zentr.. 1872, 3 (3), 743. 
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blow of a typewriter key or by the pres^sure of a stylus point. Most 
stencil inks contain a high percentage of soap, or a resin, or both.^^** 

A composition of syrup, molasses or honey mixed witli coloring matter 
and, if desired, glycerin or oil was suggested by Loewenberg.^“^ 

Calcium soaps derived from animal or vegetable oils are employed in 
many instances. These may be prepared by heating a mixture of one 
part of calcium hydroxide and three parts of an oil to about 300° C. 
Afterwards the soap is cooled and powdered, and mixed, at about 100° C., 
with 12 parts of a mineral oil. A mixture of one part of an ammoniacal 
solution of gluten, 3 parts of resin oil, and one of lampblack is added to 
the first solution to prepare a stencil ink.^^^ As the soap constituent for 
mimeograph ink, Kruse uses a varnish that has been partly saponified, 
and includes in his ink Turkey-red oil (sulphonated castor oil). The 
ammonium soap of Turkey-red oil is sometimes employed as the soap 
constituent.^^- Turkey-red oil is used with gum tragacanth and a varnish 
gum, and glycerol. The inclusion of mineral, peanut and citronella oils 
is sometimes made in a stencil ink.^-^*^ Stevenson prescribed a mixture of 
equal parts of a saturated solution of calcium chloride and a 33J-per cent 
aqueous solution of a gum with lampblack or some other coloring mate¬ 
rial.Green soap, with Turkey-red oil, rosin oil, paraflin oil, water, and 
aluminum phosphate, forms the vehicle for a stencil or mimeograph ink, 
to which is added a ])iginent, such as Milori Blue or carbon black.^^" 

An ink that is reported not to corrode the metallic portions of the 
machine is composed of a mixture of linseed, castor and soybean oils, wax, 
a soap of organic bases, such as ethanolamine oleate or hydroxyethyl- 
amine naphthenate, a dye, and water.^^® 

Another composition, the color of which depends upon the dye used, 
consists of 32 ounces of liquid shellac, 5 to 6 ounces of turpentine, 2 ounces 
of beeswax, 5 to 8 ounces of pigment, and 80 to 167 ounces of alcohol. 

The use of hexamethylenetetramine or one of its salts,^®® or a direct 
substantive coloring matter, such as Benzo Fast Scarlet 2, mixed with 

SeifcTiBicder-Ztg., 1936 , 63, 149; Rev, Paint, Colour, \amieh, 1936, 9, 92. Also see W. G. Fuerth, 
U. S. P. 970,439, Sept. 13, 1910, to Equilibrator Co.; Chein. Abe.. 1910, 4, 3306. R. W. Hochstetter, 
U. S. P. 928,915, 1909, to Ault & Wiborg Co.; Chem, Abs., 1909, 3, 2389. 

H. Loewenberg, U. S. P. 63,733, April 9, 1867. 
F. Yamanouchi, Japanese P. 40,608, 1921; Chem. Abs., 1923, 17, 1896. Cf. Japanese P. 40,804, 

1921; and Japanese P. 41,033, 1921; Chem, Abs., 1923, 17, 2197; and Japanese P. 42,414, 1922; Chem. 
Abs., 1924, 1^ 760. All additions to 40,608. 

H. Kruse, U. S. P. 1,515.123, Nov. 11, 1925; Chem. Abs., 1925, 19, 185. Cf. H. Kruse and W. C. 
Kruse, U. S. P. 1,464,944, Aug. 14, 1923; Chem. Aba., 1923, 17, 3261; U. S. P. 1.381,648, June 14, 1921; 
Chem. Aba., 1921, 1^ 3560; and U. S. P. 1,309,292, July 8, 1919; Chem. Abs., 1919, 13, 2292. 

i»»R. W. Hilton, U.S. P. 1,499.943, March 27, 1923; Chem. Abs., 1923, 17, 1896. 
R. Hochstetter, U. S. P. 928,450, July 20, 1909, to Ault and Wiborg Co.; Chem. Abs., 1909 , 3, 

2389; Gennan P. 226,003, 1909; Chem. Abs., 1911, $, 1195. Cf. U. S. P. 1,158,131, Oct. 26, 1915; Chem. 
Abs., 1915, 9, 3370; U. S. P. 1,226,884, May 22, 1917; Chem. Abs., 1917, 11, 2157. 

i»<J. Stevenson, British P. 104,429, 1916, to Roneo, Ltd.; Chem. Abs., 1917, 11, 1894. 
w»A. B. Dick and E. W. Hill, U. S. P. 1,439,356, Dec. 19, 1923; Chem. Abs., 1923, 17. 888. A. B. 

Dick, Canadian P. 236,471, 1923; Chem. Aba., 1924, 18, 477. E. W. Hill, U. S. P. 1,824,995, Sept. 29. 
1932, to A. B. Dick Co.; Chem. Abs., 1932 , 26, 323. 

^S. Horii, Japanese P. 99,266, 1933; Rev. Paint, Colour, Varnish, 1935, 8, 402; Chem. Abs., 1934, 
28, 2553. Japanese P. 91,209, 1931; Chem. Abs., 1932, 2^ 1459. Japanese P. 109,804, 1935; Rev. Paint, 
Colour, Varnish, 1935, 8, 403; Chem. Aba., 1935, 29, 4958. 

W. Ernest and R. H. Baer, U.S. P. 2^002,939, May 28, 1935; Am. Ink Maker, 1935, 13 (7), 35; 
Rev. Paint, Colour, Varnish, 1935, 8, 837; Chem. Abs., 1935, 29, 4958. 

“*J. B. Hurwits, A. S. Hurwit*, and M. Qarfunkel, British. P. 264,712, 1926, to H. Hurwita and 
Co.; Chem. Abs., 1928, 22, 174. 
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formaldehyde, sodium chloride, glycerol and gum arabic or gum traga- 
canth, is suggested for stenciling compositions.^^® Dextrin and acetated 
glycerin dissolved in blown rapeseed oil form the vehicle for an emulsion 
ink, the body of which consists of blanc fixe and a pigment.^”*® 

A non-cracking, non-chipping, flexible slow-drying stencil ink is said 
to be made from 5 parts glue, 1 part glycerin and 1 to 4 parts water-color 
paint.^^^ 

Ribbon Inks. Inks used for ribbons of various machines are very 
closely allied to stamp-pad inks in their qualities and characteristics. 
They must be non-drying and very diffusable into the paper fibers when 
they are printed. There are several types of ribbon-employing machines, 
among which are the typewriter, multigraph machine, time clocks, and 
telegraph machines of the type that automatically register the signals 
received. The ribbons are usually of a tightly woven, highly flexible 
fabric which is cut into strips of the width required for the machine. 
They are inked by passing them on rollers through a vessel of the ink 
solution and removing the excess ink by squeegee rollers. The edges of 
the ribbon are kept from fraying by the impregnation of a binding agent, 
such as glue and glycerol.^^- 

Various methods serve to inhibit both evaporation of the solvent on 
the ribbon and the loss of too much ink to the paper when printing. 
These include the coating of each face of the ribbon with aluminum 
powder,the imposition of a Pyroxylin layer on the ribbon,^^^ and the 
addition of a very small proportion of oil in relation to the amount of 
pigment present so the particles of pigment will stay near one side of 
the ribbon and not go through to the type side.^^^ 

An ink for ribbons is prepared by mixing an ammonium salt, such as 
the chloride or carbonate, with wax, oleomargarine, or stearin, and a 
coloring material, such as carmine or cochineal.An ink not influenced 
by temperature or humidity and containing palm oil and aniline is 
reported by Bailey 

In another procedure a salt of copper, iron, manganese, or aluminum 
is added to a solution of an aniline dye in a resin soap and the mixture 
dissolved or suspended in turpentine. Castor oil or whale oil is added to 
inhibit drying and spreading of the pigment.^^® 

«»G. S. Whitty, U. S. P. 953,110, March 29, 1910; Chem, Aba., 1910, 4, 1530. J. T. Humes, 
U. S- P. 2,163,601, Oct. 21, 1937. 

i«»W. Q. Fuerth, U. S. P. 1,013,544, Jan. 2, 1912; Chem. Aba., 1912 , 6, 688. 
G. R. Stocker, U. S. P. 2,136,985, Nov. 15, 1938; Am. I*hvto-Enyruver, 1939, 31, 33; Rev. Paint, 

Colour, Vamiah, 1939, 12, 20; Chem. Aha., 1939, 33. 1421. 
Walther, Chem.-Ztg., 1921, 45, 169; Chem. Aba., 1921, 15, 1630. C. Becher, Seifenaieder-Ztg., 

1928, 55; Der. Chem.-techn. Fabr., 1928, 25 (9), 25; (10), 29; (11), 31; (12), 33; Rev. Paint, Colour, 
Vamiah, 1928, 1, 20. P. J. Hassett, Am. Dyeatuff Reptr., 1922, 10, 403; Chem. Aba., 1922, 16, 2611. 

L. C. Antrim, Canadian P. 354,228, 1935, to Autographic Register Co.; Chem. Aba., 1936, 
30 1908. 

**** 8. E. Miller, U. S. P. 1,962,082, June 5, 1934, to L. C. Smith and Corona Typewriters, Inc.; 
Rev. Paint, Colour, Vamiafu 1934, 7, 377; Chem. Aba,, 1934, 28, 4923. 

W. Shaefer, U.S.P. 2,103,275, Dec. 28, 1937; Am, Ink Maker, 1938, 16 (2), 37; Rev, Paint, 
Colour, Vamiah, 1938, 11, 111. 

^A. F. O. Nardi, French P. 665,319, 1928; Chem. Aha., 1930, 24, 979. 
L. Bailey, U. 8. P. 224,477, Jan. 3, 1888. 
I. A. M. Korolev and 1. P. Bocharov. Russian P. 23,508, 1931; Chem. Aba., 1932, 26, 2070. Rus¬ 

sian P. 22,596, 1931; Chim, et Ind., 1932, 28 (3), 659; Rev. Paint, Colour, Vamiah, 1982, 5, 276. 
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Ultramarine, the presence of which, it is said, enables the vehicle to 
absorb a larger amount of the readily printing dye, often is included in 
ribbon ink, along with waxy or oleaginous materials, used to lessen the 
likelihood of smearing or smudging of the composition.^'*** 

Both tricresyl phosphate and higher molecular alcohols having at 
least 12 carbon atoms *'** are used as plasticizers for ink compositions. 
The proportion of tricresyl phosphate may be sufficient for it to serve as 
a vehicle in which the pigment is dispersed, while the higher aliphatic 
alcohols permit a high proportion of color value. 

Typewriter ribbons may be rejuvenated by subjecting the old ribbon 
to the action of hydrocarbon vapors.*®** 

Hectograph Inks. In the hectograph process of duplication, a master 
sheet is printed with a highly tinctorial ink containing a dye such as 
Methyl Violet. This sheet is then laid face down on a layer of tough 
gelatin which may be cast in a trough or impregnated on a roll of fabric. 
Methyl Violet is readily absorbed by the gelatin and from 50 to 100 
printed pages may be made by laying and pressing sheets of paper suc¬ 
cessively upon the gelatin and removing them. The master sheet may 
be typewritten in a machine fitted with a special ribbon, or may be pre¬ 
pared by writing upon it with a fluid hectograph ink. Although the ink 
usually contains Methyl Violet, other dyes may be employed when other 
colors are desired, such as Malachite Green, IMethylene Blue, Magenta 
(for red) and nigrosine black.*®* The dye can be incorporated with such 
modifying agents as water, alcohol, glycerol, hydrochloric, oxalic, or 
lactic acid, tannic acid, and o-dihydroxybenzene. 

Gum arabic is used to make the ink more viscous. When this gum is 
mixed with an aniline pigment, alcohol, and water, the mixture should 
be strained through flannel or cotton; otherwise very small particles of 
undissolved dye make the copies appear smeary.*®* 

A pigment which is found applicable is the product resulting from the 
reaction of p-aminodimethylanilinethiosulphonic acid and methyl-o- 
toluidine. This dyestuff is converted to a water-soluble dye by hydroly¬ 
sis with an acid.*®® 

Sorbitol and acetyl sorbitol mixed with acetic acid, glycerol, water, 
and a dye furnish a hectograph ink.*®* 

'“•R. Jarinai and E. Lorand, French P. 642,349, 1927; Chem. Abs,^ 1929, 23, 1293. British P. 
279,403, 1926; Chcin. Aba., 1928, 22, 2819. German P. 523,226, 1926; Chem. Abs., 1931, 25, 3502. 

S. A. Neidich, U. S. P. 2,189,092, Dec. 6, 1938, to Underwood Elliott Fisher Co., Inc.; Chem. 
Abs., 1939, 33, 2354. 

E. Schwabe, U. S. P. 2,135,735, Nov. 8, 1938, to Am. Hyalsol Corp.; Chem. Abs., 1939, 33, 1525. 

Hugo Graf, U. S. P. 2,155,653, April 25, 1939. 
M. Shinozaki, Japanese P. 100,351, 1035, to Shiuozaki Ink Seizo K. K.; Rev. Paint, Colour, 

Varnish, 1935, 8, 307; Chem. Aba., 10m, 29, 3863. 

E. Stoimer, Pharm. Z.; Polyt. Notizbl., 35, 31; Chem. Zentr., 1880, 11 (3), 175. 

French P. 792,689, 1936, to I. G. Farbenind. A.-Q.; Rev. Paint, Colour, Varnish, 1936 , 9, 224; 
Chem. Abs., 1936, 30, 4335. 

K. H, Meyer, J. Muller and U. Hoffman, U. S, P. 1,756,051, May 6, 1930, to I. G. Farbenind. 
A.-G.; Chem. Abs., 1930, 24, 3387. British P. 202,655, 1027; Chem. Abs., 1929, 23, 1517. 



Chapter 16 

Printing Ink Problems 

Manufacturing, Storage and Shipping Problems 

Many difficulties and problems arise in connection with the manu¬ 
facture, storage, shipping and use of printing inks. A great number of 
troublesome features have been mentioned in connection with the various 
types of ink; others, more universal in nature, will be discussed in rela¬ 
tion to the general field of inks and printing. Some of these problems are 
chemical in nature, others physical, and still others mechanical. 

The difficulties attendant upon the manufacture of inks are neither as 
numerous nor as important as those connected with printing, but a 
knowledge and understanding of the problems is essential in order that 
the processes involved in the manufacture of inks be comprehended. 

Two methods of grinding and mixing pigments are in common use, 
the roll mill and the pebble mill. The roll mill usually comprises from 
two to nine steel rollers which turn upon each other to grind and disperse 
the pigments. The several rollers do not revolve at the same rate; the 
first drum usually has a speed of about 300 r.p.m. and the ratio of the 
others is 1:3:9 in a 3-roll mill, and 1:3:6:12 in a 4-roll type. A 9-roll 
mill is really a series of three separate 3-roll machines arranged so that 
the product of each mill successively is treated by the next until disper¬ 
sion is complete. The advantages of this type of mill are its efficiency 
and speed, which are relatively higher than those of the pebble or ball 
mill. The main disadvantage of the roll mill is the heat created because 
of friction. For this reason the steel rolls must be hollow to allow for con¬ 
stant water cooling. The rolls may be set at a desired distance apart and 
the magnitude of the particles produced so regulated.^ 

In pebble or ball mills, pigments are ground by rolling balls over each 
other as the drum, in which they are encased, revolves. The “pebbles” 
are usually made of flint, Belgian buhrstone, silex or steel, and are about 
1 to 1^ inches in diameter. The barrel of the drum is lined with soft 
rubber or some other material to protect it and to subdue the noise. Most 
of the grinding is done between the balls rather than against the side of 
the drum. Eccentric balls have been utilized to make the work more 
efficient, and the walls of the drum have been fitted with water coils for 

^R. Berger, Farbe u. Lack, IMO, 18; Rev. Paint, Colour, Vamiah, 1980, 3, 44. J. M. Sander¬ 
son, Paint, Oil, Chem. Rev., 1931, 91 (22), 8; Rev. Paint, Colour, Vamiah, Iwl, 4, 210; Chem. Aba., 
1931, 25, 4416. F. de M. Tubman, /. 5. C. I., 1932, 51, 830; Rev. Paint, Colour, Vamiah, 1932, 5, 176; 
Cham. Aba., 1982, 26, 3311. H. J. Wolfe, Am, Ink Maker, 1984, 12 (12), 18; Rev. Paint, Colour, 
Vamiah, 1986, 8, 62. 
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cooling. Although the process is slower than the roll mill, it is said to be 
cheaper because less power is needed to run the apparatus. One of the 
disadvantages encountered is the chipping of the surfaces of the balls 
and the resulting discoloration of the pigments, especially those light in 
color, such as whites and yellows.^ 

Special difficulty arises when colors must be matched to correspond 
to those used by an artist in a water color or an oil painting. The ink 
manufacturer is required to duplicate, or match as closely as possible, the 
colors of the painting and at the same time to produce an ink that has 
good printing qualities. If necessary, special characteristics for a desired 
paper surface, or unusual permeability and resistance must be held to in 
case the printed material is to be varnished or shellacked over. When a 
I)reviously compounded ink is to be matched, the difficulties increase 
because the exact (lualities of the original ink, such as tack, length, gloss, 
and drier content, in addition to color, must be met.^ 

Inks that are improperly manufactured tend to cause difficulties when 
stored. When in the store-room for a length of time, some inks exhibit 
a thickening effect (“livering,” to be discussed later) because of saponifi¬ 
cation of the fatty acids jiresent in the vehicle, and other chemical action 
within the material. A high drier content catalyzes the oxidation of the 
drying oil and tends to thicken the ink. Other inks with pigments 
improperly dispersed become thinner upon storage because the vehicle 
and the jiigment tend to separate into two layers.^ 

Without the observance of special precautions, there is a frequent 
danger of spontaneous ignition or combustion occurring in linseed oil var- 
ni.shes, jiaints and inks. There are numerous causes for the occurrence 
of fire, among which are tlie presence of excess drier, and of extremely 
fine pigments which tend to act as catalyzers for the oxidation of the 
varnish, a low relative humidity of the atmosphere, and temporary stop¬ 
page and inefficient cooling of the grinding mills. Slight traces of impuri¬ 
ties in an ink, such as sulphur and potassium chlorate, act as very potent 
catalysts in the oxidation of the linseed oil. Zinc white has been found 

* P. O. Abb6, Drugs, Oils Pamts, 1933 , 48 (1), 16; Rev. Paint, Colour, Varnish, 1933, 6, 27. 
Official Digest Federation Paint and Varnish Production Clubs, 1932 (120), 1047; Rev. Paint, Colour, 
Varnish, 1933, 6, 27. F. Hebler, Chem. Fabr., 1928 (47), 665; Rev. Paint, Colour, Varnish, 1928, 1, 
219; Chem. Abs., 1929, 23, 2047. S. W. Kendall, Chem. Trade J., 1932 , 90 (2235), 191; /. Oil Colour 
Chem. Assoc., 1932, 15, 66; Rev. Paint, Colour, Varnish, 1932, 5, 93; Chem. Abs., 1932, 26, 3145. 

® R. Fanelli, Am. Pressman, 1937, 48 (1), 25; Rev. Paint, Colour, Varnish, i938, 11, 108. For a 
general treatment of the manufacture of inks, see H. Hadert, “Handbuch uber die Herstellung und 
Verwendung der Druckfarben," 2nd E<1., Verlag von Otto Eisner, Berlin, 1931; Rev. Paint, Colour, 
Varnish, 1931, 4, 169; Chem. Abs., 1931, 25, 2864. Mod. Lith. and Offset Printer, 1932. 27 (3), 50; 
Rev. Paint, Colour, Varnish, 1932, 5, 90. II. Hadert, Paint Manuf., 1933, 3 (1), 5; (2), 37; Rev. 
Paint, Colour, Varnish, 1933, 6, 25; Chem. Abs., 1933, 27, 1526. O. Prager, Scifensieder-Ztg., 1930, 
57, 551; Rev. Paint, Colour, Varnish, 1930 , 3, 177. O. Preiszer, Farben-Ztg., 1924, 29, 1841; 1925 . 30, 
453; Chem. Abs., 1925. 19, 408, 901. H. E. Rice, Paint, Oil Chem. Rev., 1935, 97 (11), 16; Chem. 
Abs., 1935 , 29, 4W6. <J. K. Sloan, Am. Ink Maker, 1937, 15 (2), 16; Rev. Paint, Colour, Varnish, 
i937, 10, 132. H. J. Wolfe, Paint Manuf., 1934, 4 (10), 321; Rev. Paint, Colour, Varnish, 1934, 7, 
456. French P. 42,820, .1933, to Anciens ^tablissements le Clezio (S. a. r. 1.); Chem. Abs., 1934, 28, 
1555. H. P. Benner and J. C. Morrell, U. S. P. 1,848,100, March 8, 1932, to Universal Oil Products 
Co.; Chem. Abs., 1932, 26, 2879. R. L. Cawood. U. S. P. 1.992,290, Feb. 26, 1935; Rev. Paint, Colour, 
Varnish, 1935, 8, 253; Chem. Abs., 1935, 29, 2406. P. Mitchell, British P. 409,752, 1934; Chem. Abs,, 
1934, 28, 6327. B. C. J. Selier, British P. 426,621, 1935; Chem. Abs., 1935, 29, 6445. British P. 410,427. 
1934, to Franz Zimmers Erben A.-G.; Chem. Abs., 1934, 28, 6351. H. Zimmer, German P. 602,593, 
1935, to Paul Buschmann; Chem. Abs., 1936, 30, 632. 

^ R. F. Bowles, Penrose*s Annual, London, 1935, 111; Am. Ink Maker, 1935, 13 (4), 13; Rev. 
Paint, Colour, Varnish, 1935, 8, 207. 
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to cause a considerable amount of heating of linseed oil over a period 
of 9 or 10 hours. One of the most dangerous pigments is said to be 
Prussian Blue, which is the cause of much fire hazard in inks.® 

Livering. One of the more troublesome phenomena which occur in 
inks is what is known as “livering,or flocculation of the vehicle, which 
causes the ink to coagulate and become in some cases very hard and non¬ 
liquid. It usually occurs while the ink is in the warehouse and not being 
moved. It is possible both to prevent and to remedy livering of ink by 
various methods, many of which are preventive rather than corrective.® 

Pigment Flotation. Pigment flotation occurs when a material some¬ 
what soluble in the vehicle is used as the pigment. When there is an 
excess of colloidally dispersed particles of one color, or when the dyestuff 
has not been sufficiently ground, the phenomenon will appear. The elimi¬ 
nation of floating may be effected by a thorough grinding and dispersion, 
by the use of insoluble dyestuffs, and by the selection of compatible 
materials for the pigment, in that they have the same dispersion quali¬ 
ties.*^ The mottling and powdering of inks may be obviated by the addi¬ 
tion of a greater amount of vehicle.® 

“Doping'' or “doctoring" inks in the pressroom to change their prop¬ 
erties should be resorted to only in case of absolute necessity, and, if 
possible, the ink should be sent back to the ink maker for correction. 
Changes often are made when the humidity is high, the temperature low, 
and the paper not of workable quality. These are all objectionable. 
Certain substances, such as driers, mineral oil, beeswax, kerosene (for 
thinning gloss inks), and varnish, may be added to overcome difficulties 
in the pressroom.® 

Pressroom Problems. Having discussed some of the problems con¬ 
nected with the ink itself, we now turn to the questions of pressroom 
technique, that is, the cleaning of type, presses and other machinery, and 
the use of various appliances (such as ink fountains) in the print shop. 

Of the solvents used for cleaning type, the organic liquids, such as 
gasoline, benzene, toluene, xylene, kerosene, and alcohol are most com¬ 
monly used. Emulsion-type cleaners, however, also find application, 
mostly because they are non-inflammable and do not cause a swelling 
of rubber surfaces as the organic solvents do. Tests were made by the 
Japanese Government Printing Bureau at Tokyo to determine the 
swelling effect on rubber and the solvent power of a number of solvents. 
Strips of rubber 1x4.5 cm. were used and their elongation was measured 
when treated with various solvents. Liquids of high volatility, such as 

*Farbe u. Lack, 1933, 38 (11), 129; Chem, Trade 1933, 92 (2394), 278; Rev. Paint, Colour, 
Vamiih, 1933, 6, 91, 111. 

*See Chapter 5. 
’ Am. Paint J. Conv. Daily, 1930, M (52D), 27; Rev. Paint, Colour, Varniah, 1930, 3, 229. 
* Am. Preasman, 1937, 47 (2), 30; Rev. Paint, Colour, Varnish, 1937, 10, 95. 
•W. Foxglove, Mod. lAth. and Offset Printer, 1929, 25, 78; Rev. Paint, Colour, Varnish, 1929, 2, 

150. E. A. Kilheffer, Am. Pressman, 1938, 48 (2), 19; Rev. Paint, Colour, Varnish, 1938, 11, 109. 
^ M. Ogura and K. Nakazima, Res. Bull. Govt, Printing Bur., Tokyo, 1937 (3), 7, 21; Rev. 

Paint, Colour, Varnish, 1938, 11, 193; Brit. Chem. Abs. B, 1938, 407; Chem. Abn., 1938, 32, 3988. 
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gasoline and petroleum ether, were best because they did not remain on 
the rubber long enough to be absorbed, while of the materials of low vola¬ 
tility, dichlorocthane caused least swelling, whereas xylene and toluene 
were not considered satisfactory. 

Other experiments showed the desirability of using gasoline with a 
specific gravity of .72 for cleaning forms; petroleum naphtha with 10 per 
cent petroleum for rollers, and 80 per cent petroleum naphtha, 15 per 
cent xylene, and 5 per cent petroleum as a general cleaner. Light gaso¬ 
line is also recommended for offset work, and a mixture of 80 per cent 
naphtha and 20 per cent tetralin for cleaning intaglio plates.^^ 

When benzene, gasoline, and other organic solvents are used to clean 
the press, they dissolve some of the substance out of the rollers and 
thereby roughen the surface and reduce the life of the material; therefore 
the use of water emulsion cleaners has been advised. 

Kerosene is emulsified with water by the agency of ammonium lino- 
leate and a stable mixture produced which cleans the type and also tends 
to prolong the life of the rollers. The slight amount of ammonia gas 
given off by the linoleate is said to be of value because the gas, when dis¬ 
solved in water, is a good emulsifying agent and tarnish remover. The 
water in the emulsion does not swell the glue constituent of the rollers 
because it evaporates before any appreciable degree of absorption can 
take place.^2 Sodium or ammonium hydroxide may be employed as 
emulsifying agents in the preparation of a type cleaner containing a 
water-insoluble detergent. Among the solvents used are p-cresol, p-oxy- 
toluene, p-mcthylphenol and phenol. The rollers arc soaked with the 
solution, after wliieh they are %vashed with water.'® 

The application of collodion as an ink remover has been suggested. 
Chalk is suspended in the solution and the whole is spread on the surface 
to be cleaned, allowed to dry and harden, and then stripped off, removing 
with it the ink layer.'^ 

When only a portion of the ink is to be removed, as when there is an 
excess, a roller made of a composition of whiting, wax, glycerol, gelatin 
and water is employed to collect some of the ink from the plate.'**^ If a 
certain area of a plate is to be freed of ink, a shield is used to enclose 
that portion and an atomized spray of a solvent is applied to the plate 
(Figure 70) 

A composition added to drying inks and reported to inhibit drying on 

J. Albr('clit, W. Abitr, nnd W. Schuhbanlt, Z. drut. Rurhdrvckcr venoandte (Icwrrbe, ltW4. 46, 
229; Chem. Zentr., 1934, 105 ( 2), 517; Rev. Paint, Colour, Vomish, 1934, 7, 305; Chem. Aba., 1935, 
29, 6667. Dutch P. 36,673, 1936, to American Petroleum Co.; Chem. Zentr., 1936, 107 (1), 900; Rev. 
Paint, Colour, Varnish, 1936. 9, 22. H. G. Ghegan, XT. S. P. 1,406,183, Feb. 14, 1922 ; Chem. Abs., 
1922, 16, 1328. 

«H. Bennett, Am. Ink Maker, 1931, 9 (6), 21; Rev. Paint, Colour, Varnish, 1931, 4, 216. 
«L. Minton, British P. 429,377, 1935: Rev. Paint, Colour, Varnish, 1935, 8, 403. 
i<G. K. H. Am6en and C. E. V. Dnhlquist, Swedish P. 91,936, 1938; Chem. Abs., 1938, 32, 6779. 

IB ,9. Beaune, U. S. P. 2,043,604, June 9, 1936, to Soc. des Proc6d68 Serge Beaune; Chcvi. Abs., 
1936, 30, 5334. 

Henderson, U. S. P. 996.642, July 4, 1911; Chem. Abs., 1911, 5, 2744. 
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the press while it is idle is made up of 1 part of turpentine, 2 parts of 
castor oil, and 5 grams of oil of cloves.*’ 

The level of ink in the fountain may be kept constant by the use of 
an electrically operated shut-off system which regulates the flow of ink 
from a storage tank into the ink fountain on the press (Figure 71). When 
the height of the ink in the fountain exceeds a set level, thereby contact¬ 
ing two electric terminals, a shut-off is effected in the pipe from the 
reservoir. When the ink level lowers, the tap is turned on to allow more 
of the ink to flow into the press fountain. In this way the ink pressure 
is kept constant and an even flow of liquid is assured.’® 

The printing process might be called the least scientific of all the 
phases connected with ink. It is almost purely an art, and consequently 

'’L. Dejardinp Belgian P. 355J23, 1928; Chem. Aba., 1929, 23, 4356. 

“W. Thomns, U. S. P. 1,981,530, Nov. 13, 1934, to Pneumcrcator Co. ; Chem. Abs., 1935, 29, 384 



PRINTING INK PROBLEMS 423 

INK REGULATOR 

Fujure 71. Sketch of Apparatus for Maintaining Constant Ink-Level 
in Fountain (W. Thomas). 

little in the way of rules or laws can be formulated for practice, although 
some of the more specific problems have been investigated and are easily 
avoidable if general precautions arc followed. On the problem of offset, 
for instance, extensive work has been done, and numerous processes and 
treatments have been devised to minimize the difficulty or to remove 
it entirely. 

Humidity and Temperature Control. The scientific control of atmos¬ 
pheric humidity and temperature has been practiced as a means of secur¬ 
ing the most advantageous conditions of printing. The relative humidity 
controls the rate of drying of inks and also the tendency for adhesion to 
the surface of material ujion which printing is to be done. The viscosity 
of inks is a function of the temperature, so a control of the latter regu- 
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lates their tackiness and printability. A different temperature has been 
found to be the optimum in each of the various operations connected with 
printing, such as etching, retouching, etc. Jacobsen has prepared a 
table (Table 38) of the best temperature and humidity conditions for the 
various departments of a photogravure plant. 

Many problems arise with colored inks. Care must be taken with a 
double-toned ink to see that cobalt and lead driers are not used, as oil- 
soluble pigments tend to react with them and produce colored compounds. 
Color printing in newspapers was long a source of trouble, mainly because 
colored inks are not as durable or as covering as black. Also, the speed 
for printing with such inks must be much slower than with carbon pig¬ 
ment inks. When natural or inorganic pigments are used, the inks pro¬ 
duced are more durable and are resistant to many reagents, but a smaller 
variety of shades is available than when synthetic organic dyestuffs are 
employed. 

Numerous difficulties arise in the drying of inks. When drying is 
delayed, a greater amount of absorption of the vehicle takes place, leav¬ 
ing the pigments of the ink more or less unprotected on the surface, and 
causing a chalking effect. IMoreover, certain papers contain ingredients 

which may accelerate or retard the drying rate of the inks used on them. 
Therefore it is essential that, in manufacturing inks, the type of paper to 
be printed be taken into account in order to determine the proportions of 
drier, drying oil and fillers. The oils used should be bodied, either by 
blowing or by heating processes. 

Various specific troubles in connection with inks may arise, such as 
the abrasion of copper plates and cylinders by coarse pigments, the filling 
in of half-tone blocks, which causes a spoilage of the impression, and 
other problems which arise from time to time.^® 

H. E. Jacobson. Heating, Piping, Air Conditioning, 1935 , 7, 423; Chem. Abs., 1936, 30, 126S. 
2® For general disrus.sjon of printing inks and their problems, see the following: J.S. C. /., 1928. 47, 

1147; Rev. Paint, Colour, Varnish, 1928. 1, 216, Chronique Oraphique, 1938, 13, 3993; Rev. Paint, Col¬ 
our, Varnish, 1938, 11, 107. Am. Ink Maker, 1932, 10 (3). 17; Rev. Paint, Colour, Varnish, 1932. 5, 89. 
F. F. Barmeier, Share Your Knowledge Rev., 1937, Nov. 28; Rev. Paint, Colour, Varnish, 1938, 11, 24. 
J. Bekk, Angew. Chem , 1933, 46, 125; Chem. Ahs., 1933, 27, 1960. R. F. Rowlea, Rr,t. Printer, 1931. 44 
(259), 9; Rev. Paint, Colour, Varnish, 1931, 4, 207. Penrose*s Annual, 1937. TiOndon; Am. Ink Maker, 
1937, 15 ( 4), 25; Rev. Paint, Colour, Varnish, 1937, 10, 174. Mod. Lith. and Offset Printer, 1930. 26, 
288; 1931, 27, 16; Rev. Paint, Colour, Varnish, 1931, 4, 35. Coates, Indian Print and Paper, 1937, 3 
(2), 40; Bull. Inst. Paper Chem., 1938, 8 (8), 306; Rev. Paint, Colour, Varnish, 1938, 11, 192. A. ,1. 
England, Oil Colour Trades J., 1930, 78, 1679; Rev. Paint, Colour, Varnish, 1930, 3, 262. H. A. Idle, 
Oil Colour Trades J., 1937, 91, 197; Chem. Ahs., 1937, 31, 2026. C. F. Jones, J. Oil Colour Chern. Assoe., 
1933, 16 (155), 149; Rev. Paint, Colour, Varnish, 1933, 6, 135; Chem. Ahs., 1933, 27, 3625; ihid., 1935, 18 
(182), 269; Rev. Paint, Colour, Varnish, 1935 , 8, 401; Chem. Ahs., 1935, 29, 7675. G. L. Riddell, Oil 
Colour Trades J., 1937, 91 (2001), 602; Paint Manuf., 1937. 7 (4), 110; Chem. Age, 1937, 36 (921), 169; 
Rev. Paint, Colour, Varnish, 1037, 10, 96; Chem. Ahs., 1937 , 31, 3308. J. Oil Colour Chern. Assoc., 1937, 
20, 220; Brit. Chem. Ahs. B, 1937, 945; Chem. Ahs., 1937, 31, 7268. R. Sanderson, Brit. Printer, 1935, 
48 (284), 100; Rev. Paint, Colour, Varnish, 1935 , 8, 402; Chem. Ahs., 1936. 30, 4342. A. de Waele, J. Son. 
Dyers Colourists, 1927, 43, 42; Chem. Abs., 1927, 21, 1362; Am. Ink Maker, 1939, 17 (5), 31. L. Coates, 
Paper Market Printing Terh., 1939, 95, 87, 123; Rev. Paint, Colour, Varnish, 1939, 12, 180. Am. Ink 
Maker, 1939, 17 ( 5), 37. K. Stephan, Canadian P. 276,638. 1927; Chem. Ahs., 1928, 22, 2071; Rev. 
Paint, Colour, Varnish, 1928, 1, 136. Brit. Printer, 1937, 49, 251; Rev. Paint, Colour, Varnish, 1937, 
10, 95. L. Auer, Paint, Varnish Production Mgr., 1937, 17, 12; Chem. Ahs., 1938, 32, 8168. G. F. 
Jone«, Oil Colour Trades J., 1935, 87, 1073; Chem. Aha., 1935, 29, 3859. L. Coates, Paper, Market d- 
Printing Tech., 1938, 104, 191; Rev. Paint, Colour, Varnish, 1939, 12, 19; Chem. Abs., 1939, 33, 4441. 
R. F. Bowles, Penrose Ann., 1939, 41, 162; Rev. Paint, Colour, Varnish, 1939, 12, 19; Chem. Ahs., 
1939, 33, 4442. 
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Tabic 38.—Optimum Temperature for Printing Operations. 

DopartnKMit 
Temporal urc 

C F.) 
Humidity 

(%) 
bitching 72 50 
Photo gallery 74 50 
Retouching 75 .50 
Sensitizing of carbon printing 72 .50 
Dark rooms 74 .50 
Drying rooms 75 .50 

Offset. With the speeding up of printing processes, especially in 
newspaper work, the problems of ink drying and offset have become 
increasingly difficult. Offsetting is described as the tendency of an undried 
ink to be transferred from the printed sheet to any other surface with 
which it comes in contact. The ink may offset to the back of the adja¬ 
cent sheet of paper, to a roll over which the paper passes, or to any 
object touching the paper. A printer often wears a small piece of sand¬ 
paper folded over the tip of his finger and held on with a rubber band 
when manually retrieving the sheets from the press, to prevent the off¬ 
setting of inks to his skin. In news printing, where the paper is to be 
printed on both sides in fast succession, and then folded, precautions 
must be taken, although the ink may be absorbed at a high rate, to pre¬ 
vent the ink from smudging and offsetting. As the speedup of printing 
goes on, the ink has less time to reach a state of dryness wherein the sur¬ 
face is tacky l)efore the sheets are either stacked or rolled. The simple 
expedient has been tried of having the web of paper travel along for a 
distance before it is rolled on the drum, in order to allow more time for 
drying. No sacrifice in speed is made by this procedure, but considerable 
space is taken up, so it proves to be an unsatisfactory arrangement. 

Many methods have been devised to eliminate offset, among which are 
spraying a liquid on the sheet of paper, the use of a powder to cover the 
ink film, the inclusion of a special substance in the ink itself, the appli- 

Fk-'ube 72. Diagrammatic Sketch of Apparatus for Removing Solvent from 
Inks by Burning. 
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cation of a gas to dry the ink (Figure 72), the use of rough rollers, and 
the reduction of the static electricity in the vicinity of the paper.^^ 

Materials that cause a skin to form rapidly on the surface of the wet 
ink also eliminate offset. Milk when incorporated into the ink helps it to 
form a skin.^^* 

Various materials are used to spray or cover the sheet in order to 
cover the ink film and inhibit the tendency of the ink to smudge. Gum 
arabic and gum tragacanth, glucose, paraffin, and cellulose esters and 
ethers often are dissolved in quick-drying solvents, and applied to the 

^ See also Chapter 8. 
M. E. McMaster, U. S. P. 877,212, Jan. 21, 1908; Chem. Abs., 1908, 2, 1502. 

Figure 73. Sketch of Apparatus for Waxing Printed Webs to Prevent Offset 
(E. C. Francoisc). 

Delivery end of press 

Figure 74. Apparatus for Preventing Offset by Spraying Printed Sheets 
with Powder (R. Blow). 
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sheet after printing. Some of the solvents used are methyl or ethyl alco¬ 
hol, carbon tetrachloride, organic esters, or water. 

The liquid may be sprayed from an atomizer, either from above or 
below the paper. Sometimes the substance which sets upon the paper 
does not completely cover the sheet, but forms small knobs which keep 
the sheets apart when they are stacked or rolled. Liquids containing the 
protective substance may be applied to the web by means of a roller 
over which the paper passes (Figure 73), the roller being fed by means 
of a hopper or fountain placed above it.^- 

Powder often is aj)plie(l to the web of a paper as it passes along, so as 
to have a layer of material between the ink surface and the back of the 
paper as it is rolled upon itself. Powdered talc, soapstone, aluminum 
hydroxide, magnesia, starch, chalk, kaolin, and several other substances 
arc employed. The material may be kept in a hopper above the web and 
sifted out upon a rotating drum which distributes it upon the paper sur> 
face. Occasionally the powder may be blown against the paper by air 
l)ressiire and in this manner be distributed over the surface (Figure 74) 

Elimination of offset is sought by causing the ink to dry quickly. 
Different means of accelerating the drying or oxidation reaction have 
been devised, including exposure of the printed paper to ozone and heat¬ 
ing. Ozone may be passed over the sheets or web, or may be produced 
in situ by means of an electric discharge near the web. An arrangement 
of condensers or the use of vacuum tubes has been suggested to produce 
nascent oxygen and ozone, both of which serve to increase the rate of 
oxidation of the drying oil.-^ By substituting a mixture of nitrogen 
j)eroxidc and nitric oxide mixed with air for the ozone, the oxidation of 
the drying oil is catalyzed and offset is said to be prevented. The gases 

VMrious nipthods of <•o^'c^i^K the ink film are discussetl in the following: H. M. Barber. U. S. P. 
1,470,344 and U. 8. P. 1,470.345, Oct. 9. 1923: and V. 8. P. 1,524,163. Jan. 27, 1925, to C. B. 
Cottrell and Sons. E. 11. Buev, U. S. P. 2,078,790, April 27. 1937; Rev. Paint, Colour, Vamtsh, 
1937, 10, 261; Chem. Abs., 1937, 31, 4416; U. S. P. 2,142,667 and 2,142,668, Jan. 3, 1939; Chern. Abs., 
1939, 33. 3039; all to Atla.s Powd.-r Cn. A. 8. Duncan, French P. 361.444, 1905: Clu^i. Abs., 1908. 2, 
1359. E. C. Francoise, British P. 380.244, 1931; Brit. Chem. Abs. B, 1932, 978. U. S. P. 1.831.624. 
Nov. 10, 1931; U. S. P. 1.845.260. Feb. 16, 1932; U. S. P. 1,921.313, Aug. 8, 1933; Chem. Abs., 1933 . 27, 
5189; all to Kalamazoo Paper Parchment Co. A. L. Crammer, TJ. 8. P. 1,445,273. Feb. 13, 1923. 
V. G. Green and E. Gustafsson, U. S. P. 2,110,218 and 2,110,219, March 8, 1938, to Binks Mfg. Co. ; 
Chevi. Abs., 1938, 32, 3525. R. A. Habermaier, U. S. P. 2,101,999, Dec. 14, 1937; Chem. Abs.. 
1938 , 32, 1023; Canadian P. 367,983, 1937; Chevi. Abs., 1937, 31, 7152: both to De Vilbiss Co. J. A. 
Paaache, British P. 439,078, 1936; Rev. Paint, Colour, Varnish, 1936 , 9, 93. Canadian P. 373.457 
and 373.458, 1938; Am. Ink Maker, 1938, 16 (9), 71; Chem. Abs., 1938, 32, 5237. French P. 784.826. 
1935; Rev. Pnnit. Colour. Vnrni.>fh. 1936. 9, 93: Chem. Ab.o., 1936. 30, 632. A. K. Taylor. F. 8 P. 
2,078,742, April 27, 1937, to U. 8. Printing and Lithograph Co. B. A. Young, V. 8. P. 2,114,792, 
April i9. 1938, to R. R. Donnellev Sons; Chem. Abs.. 1938. 32, 4697. German P. 699.386; Rev. 
Paint, Colour, Varnish, 1939, 12, 181. L. Lemaire, Bull. soc. franc, phot., (3), 5, 39; Chem. Abs., 
1914, 8, 1244. E. A. Albrecht, Swiss P. 167,823, 1934; Chem. Zentr., 1934, 105 ( 2), 3851; Rev. Paint, 
Colour, Varnish, 1935 , 8, 26. 

2«H. M. Barber, U. S. P. 1,428,931. Sept. 12. 1922, to C. B. Cottrell A Sons. R. Blow, V.S.V. 
2,093,995, Sept. 28, 1937. to W. F. Hall Printing Co. R. J. Greonwav, U. S. P. 1,638,572, Aug. 9, 
1927; and U. S. P. 1,949,102, Feb. 27. 1934, to C. B. Cottrell & Sons. C. J. MacArthur, U. S. P. 
1,566,800, Dec. 22, 1925. to Charles Eneu Johnson and Co. Am. Ink Maker, 1939, 17 (3), 29; Rev. 
Paint, Colour, Varnish, 1939, 12, 179. 

2<W. W. Allen and A. L. Gramrner, British P. 415.885. 1934. U. S. P. 2,000.684. May 7. 1935; 
Chem. Abs., 1935, 29, 948. J. R. Blaine, U. 8. P. 1,503,224, July 29, 1924, to Miehle Printing Press A 
Mfg. Co. R. L. Fearn. Jr., U. S. P, 1.388,418, Aug. 23. 1921; Chem. Abs., 1921, 15, 4058. T. F. 
Pinder, TT. 8. P. 1.842.195. Jan. 19, 1932: Chem. Abs., 1932, 26, 1810. E. 8. P. 2 017.257. Oct. 15. 1935. 
F. E. Hartman, H. 8. P. 1.993,404, 1935. to W. R. and F. H. Montgomery; Chem. .4b.s., 1935, 29, 
2763; Rev. Paint, Colour, Varnish, 1935, 8, 208. 
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Fig'Uue 75. Sketch of Apparatus for Pn'vontinp Offset l)y Corona Discharge 
(J, R. Blaine). 

are passed over the web in a confined space and come into contact with 
the undried ink film. Also, the gloss of the ink is said to be increased by 
the use of the nitrogen oxides.^*^ 

As an alternative method of causing the ink to dry faster, a com¬ 
pound such as “rubrene peroxide^^ may be incorporated into the ink 
before printing. When the paper is heated afterwards, the peroxide 
decomposes, releasing nascent oxygen, which accelerates the drying of 
the varnish vehicle.^® 

The smudging of paper and offsetting of the ink may be minimized or 
eliminated by the use of tympans covered with sandpaper or thin metal 
sheets. The tyrapan is the roller opposite the printing roller on a rotary 
press. When such work as newspapers must be printed in quick succes¬ 
sion on both sides, the tympan of the second type roller often causes 
trouble because it comes into contact with the freshly printed first side 
of the sheet as the second impression is being made. Sandpaper offers a 
rough surface to the paper which prevents any slipping and also keeps 

»W. W. Allen and A. L. Grainrncr, U. 8. P. 2.077,624, April 20, 1937, in Curtis Pub. Co.; Chem. 
Abs., mi, 31, 4022. 

. “T. F. Finder, U. S. P. 1.842,196, Jan. 19, 1932; Chem. Abs., 1932, 26, 1810. “Rubrene peroxi<lo” 
u also discussed in Chapter 8. 
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Figure 76. 

Diagrammatic View of Ozo¬ 

nator for Effecting Rapid Dry¬ 

ing of Prints (T. F. Finder). 

a great proportion of the sheet out of contact with the surface of the roller 
(Figure 77).-" 

By removing tlic static electricity from the surface of a printed sheet, 
thus allowing the air to come into contact with the paper and dry the ink, 
the tendency to offset is decreased. Tlie use of a row of gas flames just 

-•^T. E. Knowlton, U. S. P. 1,731,467, Oct. 15, 1929. U. S. P. 1,922,372, Aug. 15, 1933. R. L. Melton, 
II. C. Benner and H. F. Kirchner, U. S, P. 2,011,181, Aug. 13, 1935, to Caiborundum Co. 

Figure 77. Diagrammatic Sketch of Printing Apparatus with Grained Tympan to 
Prevent Offset of Printed MaU'rial (R. L. Melton, R. C. Benner and H. P. Kirchner). 
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Courtesy Paasche Airbrush 

FiauBE 78, Installation of Paasche No-Offset Equipment. 

above the web or sheet as it passes out of the press serves this purpose 
as well as heating the ink to some degree. By impregnating a felt- 
covered impression roll or tympan with an oily medium such as glycerin, 
the static charge on the surface of the paper is removed, thus allowing 
contact of air with the sheet.^® 

By adding a compound composed of mutton fat, varnish, cornstarch, 
paraffin oil, and citronella oil to the ink, smudging of the printed sheet 
is reported to be materially lessened.^® 

The ink film on a web of paper may be set very quickly by the inclu¬ 
sion of an inflammable vehicle in the ink. “Butyl Carbitol,^^ a volatile, 

» A. B. Beck, U. S. P. 1,336,995, April 13, 1920. 
»C. H. Rackle, U. 8. P. 1,272,092, July 9, 1918; Chem. Abt., 1918, 12, 2066. 
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Courtesy Paasche Airbrush 

Figure 79. Paasche No-Offset Equipment. 

liighly inflammable solvent, may be used. The web, after being printed, 
is heated to volatilize and ignite the vehicle, which burns, thereby setting 
the ink. The flame is extinguished by the winding of the paper on a 
roll.^® There is an appreciable volatilization of lead from the molten type 
metal. Eighty per cent of the lead in the air of printing plants is due to 
volatilization, according to Hepler and others.^®® 

Light-fastness of Pigments. A problematical feature of inks is the 
light-fastness of the pigments contained in them. Any printed material, 

F. J. Jeuck, U. S. P. 2,042,432, May 26, 1936, to International PrintinR Ink Corp.; Rev. Paint, 
Colour, Varnish, 1936, 9, 316; Chem. Abs., 1936, 30, 5062. For general discussions of drying, offset, and 
problems concerned with them, see: Paint Manuf., 1934, 4 (7), 203; Rev. Paint, Colour, Varnish, 1934, 
7, 293. J. D. Cohen, Paint ManuJ., 1937, 7 (8), 246; Rev. Paint, Colour, Varnish, 1937, 10, 341: 
Chem. Abs., 1937, 31, 7673. Paint Manuf., 1938, 8 (3), 82: Rev. Paint, Colour, Varnish, 1938, 11, 
108, C. R. Conquergood, Printing, July, 1934; Am. Ink Maker, 1934, 12 (8), 15; Rev. Paint, Colour, 
Varnish, 1934, 7, 376. M. Hartmann, Klimschs Druckerei-Ameiger, 1936, Nos. 9, 10; Farben-Ztg., 
1936, 41, 1168; Rev. Paint, Colour, Varnish, 1937, 10, 24. C. MacArthur, Paper Trade J., 1937, 105, 
TAPPI Sect.. 219; Rev. Paint, Colour, Varnish, 1938, 11, 109; Brit. Chem. Abs. B, 1938 , 83; Chem. 
Abs., 1937, 31, 8956. F. W. Stoyle, Brit. Color Printer, Dec. 2, 1937, 550; Rev. Paint, Colour, Var¬ 
nish, 1938, 11, 25. a. L. Riddell, OU Colour Trades J., 1937, 91, 602; Chem. Abs., 1937 , 31, 3308. 
British P. 427,028, 1935, to Maschinenfabrik Augsburg-Nilmberg A.-Q.; Chem. Abs., 1935, 29, 6428, 

J. M. Hepler. P. F. Regin and R. W. Colina, J. Ind. Hyg., 1938, 20, 641; Brit. Chem. Abs. B, 
1939, 330. 
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especially that which is subjected to the action of sunlight and artificial 
light, such as outdoor posters, depends for its value upon its resistance 
to fading. Ink containing a mineral pigment such as chrome yellow or 
Milori Blue, or carbon black, is by its nature light-fast because these 
pigments cannot be oxidized or reduced easily by external influences. 
Organic pigments, on the other hand, are susceptible on the whole to 
rather easy fading because very little alteration in their molecular con¬ 
figuration is necessary to produce a colorless compound. However, min¬ 
eral or inorganic pigments do cause trouble in fading when two com¬ 
pounds are present in the pigment, because of the double decomposition 
which may take place through the agency of water and sunlight. Zinc 
oxide, when present as a filler in ink, accelerates double decomposition 
because of its action as a sensitizer in molecular electrolysis. A protec¬ 
tive film that is wetted easily prevents the action of zinc oxide when the 
ink is stored. The coating is said to envelop the particles of the pig¬ 
ment and to isolate them from the oxide present.^^ 

Other atmospheric factors, such as gas, smoke and heat, exert an influ¬ 
ence on the light-fastness of ink, and their presence must be taken into 
account when ink is prepared. The character of the residue content of 
paper which is to be printed is of importance. Many impurities show a 
tendency to react with the ink pigments. Paper prepared from textile 
fibers protects the ink to a greater degree than material composed of 
wood or grass fibers. The choice of vehicle is also of considerable import 
when considering the light-fastness of the ink.*^- 

.—Light-Fastness of Pigments. 

Good 

Permanent Rod R 

Toluidine Red 

Pigment Scarlet 3B (barium lake) 

Lithol Rubine B (calcium lake) 

Ultramarine blue 

Table 39 

Excellent 

Chrome yellows 

Chrome orange 

English vermilion 

Milori blues 

Bronze blue 

Carbon black 

Chrome green 

Madder lake 

Fair 

Tartrazine (barium lake) 

Lake Red C 

Lithol Red 

Para Reds 

Methyl Violet (tungstic toner) 

Alkaline Blue 

Fugitive 

Naphthol Yellow S 

Auraminc (barium lake) 

Acid Orange II (tin lake) 

Acid Orange II (barium lake) 

Methyl Violet (tannin toner) 

Peacock Blue (erioglaucine) 

« H. J. Wolfe, Am. Ink Maker, 1934, 12 (1), 13; Rev. Paint, Colour, Varnish, 1934, 7, 22. A. Han¬ 
cock, J. Oil Colour Chem. Assoc., 1932, 15 (146), ^7; Hev. Paint, Colour, Varnish, 1932, 5, 245; 
Chem. Aba., 1932, 26, 5761. 

•*J. Stark, Mod, lAth, and Offset Printer, 1930, 26, 78; Rev, Paint, Colour, Varnish, 1930, 3, 119. 
For relation of paper to ink, see Chapter 18. 
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A table of the relative light-fastness of pigments, based upon research 
of the Lithographic Technical Foundation,divides the colors into four 
classifications: ‘'excellent, light-fast even when in reduced form’'; “good, 
light-fast when full strength”; “fair, moderately light-fast”; and “fugi¬ 
tive.” The pigments were tested by being exposed to sunlight and arti¬ 
ficial light for six-hour periods. At the end of each period the inks were 
examined and then re-exposed for another six hours. Allowances were 
made for the bleaching of the varnish and the darkening of the paper 
upon exposure to light, both daylight and artificial. The results are indi¬ 
cated in Table 39. 

Fogging of Ink. The j)henomenon of ink clouding or misting is 
another problem resulting from high-speed i)rinting. The misting is a 
consequence of the accumulation of a charge of static electricity on the 
press and paper, and consists of the formation of a fog or mist of ink 
droplets in the vicinity of the press. The individual drops of ink become 
similarly charged and repel one another, being caused to remain suspended 
in the air. The trouble may be overcome by electrically grounding the 
press and by having charged screens of wire mesh near the press to offset 
the accumulation of a static charge (Figure 80). The control of the 

“Afod. Lith, and Offset Printer, 1932, 28 (1), 8; Rev. Paint, Colour, Varttish, 1932, 5, 25. A 
table containing the results of tests upon forty-two German inks can be found in an article by 
K. Valenta, Brit, J, Phot., 1910, 56, Suppl. 92; Chem. Aba., 1910, 4, 1138. 
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humidity of the cloth or paper to be printed upon is another means of 
overcoming the difficulty 

Miscellaneous Problems. The detrimental effect of an ink vehicle 
upon a lacquered surface has been noted. Fosters were printed and 
allowed to dry for five hours. Subsequently they were glued (printed 
side up) to doors coated with a nitrocellulose lacquer varnish. Three 
months after their application the posters were removed and the printed 
portions of the paper were very adherent to the lacquer beneath. The 
lacquer surface on the doors, which was damaged with respect to its 
strength and adherence, was about 2^ years old.^^ 

To inhibit the mixing of ink with water, the addition of substances 
such as magnesia, starch, machine oil, paraffin, beeswax, or a mixture of 
linseed oil and paraffin wax is advised.^*^ 

Toxicity of Solvents and Pigments 

One of the more important problems in both the ink manufacturing 
plant and in the print shop is the question of toxicity of pigments and 
solvents. Such substances as lead, chromium, arsenic, mercuryand 
some organic pigments are toxic to varying degrees and care must be 
exerted when their handling is necessary. Since the introduction of 
high-speed rotary printing processes, the wide use of highly volatile and 
toxic solvents has become prevalent. Benzene, toluene, xylene, trichlor- 
ethylene, and other common solvents are poisonous both in the liquid 
and vapor phase. When liquid they may be absorbed through the skin, 
and when in the vapor state they may be inhaled. Many organic sol¬ 
vents, as well as being toxic, are highly inflammable, and have been the 
cause of disastrous explosions and fires when precautions as to storage 
and handling were not observed. 

Certain laws require the proper ventilation of plants employing dan¬ 
gerous volatile materials, and prescribe the maximum percentage of 
vapors allowed for safety. The ventilation system used depends upon 
the density of the vapors present: an up-draft system for lighter-than- 
air fumes, and a down-draft type for those heavier than air.'^^ 

Benzene and its homologs, xylene and toluene, and derivatives of 
these, are especially volatile and toxic. Nitrobenzene and aniline, both 
derivatives of benzene, have been known to be the cause of poisoning 
when these substances were i>resent in stamping inks.'*-^ 

« W. T. Diefenbacli, Am. Ink Maker, 1935, 13 (9), 21; Rev. Paint, Colour, Vamiah, 1935, 8, 401. 
F. Fritz, Paint, VamUh Production Mur-, 1931, 6 (2), 12; Rev. Paint, Colour, Varnish, 1931. 4. 
250. W. T. Diefenbach, U. S. P. 2,096,164, Oct. 19, 1937 ; Chem. Abs., 1938, 32, 60. » * » 

Ink.-Lack-Betricb.. 1934 ( 9/10), 71; Rev. Paint, Colour, Varnish, 1934 , 7, 194. 
^ Mod. Lith. and Ofjset Print! r, 1937, 33 (7), 140; Rev. Paint, Colour, Varnish, 1937, 10, 341. 

For discaM.si(nj of moicury inks, see Chapter 15. 

“II. N. Morris, Brit. Printer, 1935, 48 ( 285), 125; Rev. Paint, Colour, Varnish, 1935, 8, 585; 
Brit. Printer, 1936, 48 ( 286), 193: Rev. Paint, Colour, Varnish, 1936, 9, 65. P. W. (^uinaer, Trans. 
Nat. Safety Council (Advance Printing); A. P. V.M. Abs., No. 14, 361; Rev. Paint, Colour, Var- 
nish, 1931, 4, 165. A. P. Stanaina, Ind. chim. beige, 1937 , 8, 383; 1938, 9, 3; Chem. Abs., 1938, 32, 
4244; Usseltew, Ifnne Congr. chim. ind., 1936, 1040; Chem. Abs., 1936, 30, 6817. 

“ H. Temniing, Deut. mcd. Wochschr., 1928, 54, 105; Chem. Abs., 1928, 22, 1200. 
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Benzene is one of the most toxic of usual organic solvents, especially 
as a vapor. Its inhalation results in two types of poisoning, acute and 
chronic. In acute poisoning, this aromatic acts as a convulsive neuro¬ 
toxin and later as an asphyxiant narcotic. When benzene is inhaled by 
workers over a considerable period of time, chronic symptoms make their 
appearance. A feeling of lassitude and the occurrence of headaches and 
nausea, among other symptoms, usually are the result of continual expo¬ 
sure to the vapors.^^ 

The toxic effects of various concentrations of benzene vapor are listed 
in Table 40. 

Tabic 40.—Toxic Effects of Benzene. 

Concentration of Benzene 
Effects Vapor in Air (p.p.m.) 

Fatal in a sliort tiaie. 19,000 
Dangerous in i to 1 hour. 3,000 
Slight symptoms in several hours. 1,570-3,130 
Maximum concentration allowabh'. 100 

Many cases of poisoning have been reported concerning workers in the 
printing industries as a result of the use of benzene as a solvent. Four 
instances of aplastic anemia were observed in intaglio printers by Ger- 
bis.'*^ The chief solvent employed was benzene, although from 10 to 30 
per cent of toluene and xylene were occasionally mixed with the benzene 
which, alone, was considered the most dangerous. Mass poisoning of 
workers was reported by Ehrhardt where 48 per cent of benzene and 
50 per cent of xylene and toluene were used as a washing solution in 
printing. 

Toluene is not as toxic as benzene, although the symptoms produced 
in both the acute and chronic conditions are practically identical with 
the latter. Instances of unconsciousness are comparatively rare, mostly 
because of the lower volatility of toluene. Moreover, the oxidation prod¬ 
ucts (chiefly benzoic acid), which are formed very readily in the body, 
are comparatively non-toxic and arc eliminated with ease, thereby 
removing the cause of the discomfort.^*^ 

Cases of toluene poisoning have been observed by Litzner and 
Edlich.^"^ Hypersensitivity to alcohol was noted, as well as the usual 
headache, indigestion and other symptoms after the worker had been 
exposed to toluene vapors anywhere from a month to 2^ years. 

<®J. J. Bnlcholor, Am. J. Ilyq., 1027, 7, 276; Chrm. Abs., 1928, 22, 273. Mechanical Engineering, 
1935, 57, 232. Soc nl.so E. Browning, ‘'Toxicity of In(lu>trml Organic Solvents,” lleport No. 80, 
Medical Research Council, Indusinul Health Research Board, London, His Majesty’s Stationery 
Office, 1937. 

H. Qerbis. Arbeitsftchutz, 1935, 279; J. Ind. Jlyg. Abs., 1936, 18 (3), 38; Rev. Paint. Colour. 
Varnish. 1936, 9, 142. 

W. Ehrhardt, Zentr. (itiverbchyg., 1936, 23, 10; J. Ind. Hyg. Abs., 1936, 18 (5), 65; Rev. Paint, 
Colour, Vamiah, 1936, 9, 287. 

E. Wiirm, Arch, Cewerbepath. Gewerbehyg., 1931, 2, 766. W. E. Engelhard! and W. Estler, 
Arch. J/yg. Bakt., 1935, 114, 249. .1. Brachinann, Arch. Hyg. Bakt., 1937, 118, 329; Chem. Abs., 
1938, 32, 673. 

‘‘8. Litzner and W. Edlich, Farben-Chem., 1934 , 5, 473; Rev. Paint, Colour, Varnish, 1935, 8, 78; 
Sammlg. v. Vergiftungsfalien, 1934, Abt. A, 5, 9; Chem. Zentr., 1934, 105 (1), 3631; Rev. Paint, 
Colour, Varnish, 1934, 7, 350. 
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Xylene is lower than benzene in toxicity; but its exact degree is not 
definitely known. No fatal cases as a result of its inhalation have been 
reported. It produces similar results to toluene with the addition of 
circulatory and cardiac injury, such as palpitation.^® 

A mixture of xylene and toluene seems to produce altogether different 
symptoms than either solvent alone. Panse and Bender report cases 
of endogenous psychosis in intaglio process workers. Physic disturbance 
was exhibited, including such symptoms as restlessness, disorientation, 
loss of memory, auditory hallucinations, and irritability. Recovery fol¬ 
lowed a change of occupation. 

Trichloroethylene is not quite as toxic as are the aromatic solvents, 
but its danger is enough to warrant special precautions. A concentration 
of 10,000 parts per million is considered narcotic, and 2^ times this 
amount is fatal in its results. It is especially dangerous since one cubic 
centimeter of liquid equals 271 cc. of vapor. Chronic eczema is produced 
by continued exposure to the material, as well as gastric disturbances 
and anemia. The plant where trichloroethylene is employed should be 
ventilated by introducing pure air near the floor and exhausting the old 
air near the top.^^ 

Two cases of poisoning by this solvent are reported by Persson,^” in 
which symptoms of a neuromyelitic complex were exhibited. The 
patients became giddy while working, had a feeling of intoxication, and 
their gait became staggering. The symptoms passed off as soon as the 
period of exposure ended, but gradually the effects began to last for a 
longer time after their work ended, and they had a feeling of being 
exhausted. Headache, loss of appetite and nausea were complained of. 
After a cessation of work for about six months, a sufficient improvement 
was shown so that work could be resumed under more hygienic conditions. 

The presence of arsenic in ink for bread wrappers has been noted. 
Out of 51 samples of wrappers and labels examined by Eldson,^" nine 
contained appreciable quantities of the metal. Eight out of nine inks 
used in printing were practically free of the poison, but as much as 10 
per cent of arsenic was reported to be incorporated in one ink. An arsenic 
lake was employed in the preparation of violet pigments. 

Kappeller made tests on fourteen violet carbon papers, two English 
typewriter ribbons, four pencils, and two aniline ink powders. Five of 
the carbon papers contained arsenic; the two ribbons showed the presence 
of from 5 to 15 mg. of arsenic per meter of ribbon length, and the pencils 

See, however, W. Keticr, Arch. Hya. Bakt., 1935, 114, 249. 
** F. PanHe and W. Bender, Monatschr. Psychiat. u. Neurol., 1934 , 99, 249; J. Ind, Hyg., 1935, 

17 (2), 24; Rev. Paint, Colour, Varnish, 1^, 8, 276. 
E. Browning, “Toxicity of Industrial Organic Solvents,” Industrial Health Research Board, 

Report No. 80, 176, H. M. Stationery Office, London, 1937. L. G^n^vois, Tech, iniprim., 1936, 4, 842; 
Chim. et ind., 1936, 36, 64; Chem. Abs., 1936 , 30, 6843. 

^ H. Persflon, Acta. Med. 8cand., 1934, Suppl. 59, 410; Bull. Hyg., 1035, 10, 364; J. Ind. Uyg. 
Abs., 1935, 17 (5), 97 ; Chem. Abs., 1935, 29, 3041. 

D. Eladon, Analyst, 1924, 49, 336; Chem. Abs., 1024, 18, 2969. 

Q. Q. Kappeller, Z. Untersuch. Lebensm., 1930, 60, 213; Chem. Abs., 1031, 25, 1105. 
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and ink powders were practically free from the substance. In this case, 
as above, the metal was used in dyestuff lakes. 

Several instances of lead poisoning of printers have been reported. 
This seems only natural since all alloys used for type metal contain lead. 
The rarity of the cases is surprising, however; in one report, out of 4000 
printers in Copenhagen, only two cases of definite poisoning occurred 
in a ten-year period (1925-1935).®' Chromium poisoning has been 
prevalent in printing, especially in lithography, where chromium-plated 
printing surfaces often arc employed.®^ 

Two cases of dermatitis as a consequence of the action of ingredients 
of ink have been observed. Tulipan cites an example where cardin, 
or cardol, the principal constituent of cashew shell oil, caused skin 
eruptions on four men who were exposed to an ink containing the oil 
as the vehicle. Para Red, used in rotogravure ink, was the irritating 
agent in another instance. Fifteen cases of dermatitis were reported.®^ 

Problems of Odor 

Tlie odor of printing inks is unpleasant, particularly that of news¬ 
paper, aniline and gravure inks. They dry by evaporation or by absorp¬ 
tion, so the vehicle either is volatilized into the air or remains unaffected 
upon the paper. In the case of drying-oil inks the situation is usually 
not so undesirable, because after a short time a ])rotective coating has 
formed upon the ink film retaining the odor in the ink and preventing 
its escape into the atmosphere. Two expedients are used to rid the air 
of the odor: first, to ventilate the plant to such a degree that the vapors 
are dispelled, and second, to include a material which covers or perfumes 
the ink odor. Paradichlorobenzenc, as well as about two per cent of a 
synthetic ])erfume, fre(|uently is added to the ink as a deodorant or odor 
suppressor.®® 

Any odor in drying-oil inks is caused by the presence of intermediate 
products of oxidation, such as hydroxy- acids and aldehydes. When inks 
containing vehicles which dry by polymerization rather than by oxidation 
are used, however, this condition is obviated. Vanillin may be added to 
disguise the odor.®® The elimination of pungent-smelling lead driers does 
away with much of the odor in inks. The problem may also be solved 
by the use of a pale varnish and natural resins, which are reported to act 

G. Lind, JIof^vitalRtidrnde, 1935, 78, 769; BuU, Jlyg., 1935, 10, 697; J. Ind. Uyn. Ahs., 1936, 18 
(2). 22; Rev. Paint, Colour, Varnish, 1936, 9, 142. E. Lcderer, Arch. Gewerbepath. Gewerbehyo., 
1936, 7, 331; Chem. Abs., 1938, 32, 3507. 

“C. P. McCord nnd R. F. Reed, Mod. LUh. and Offset Printer, 1930 , 26, 238; Rev. Paint, Colour, 
Vaniish, 1930, 3, 262. 

r-T I.. Tnlipan, Ind. Med., 1936, 5, 626; Rev. Paint, Colour, Varnish, 1937, 10, 232; Chem. Abs., 
1937, 31, 2455. 

K. A. Oliver, J. Am. Med. Assoc., 1928, 91, 870; Chem. Abs., 1929, 23^ 906. For a disru.ssion of 
eashew shell oil, see Carleton F.llis, “The Chemist,rv of Synthetic Resins," Ueinhold Puhlishinp 
(^»rp., New York, 1935, 1229. 

Paint, Varnish Produet on M(/r., 1935 , 47 ( 281), 221; Rew Ihvnf, Co’our, \nrnish, 1935, 8, 108. 
Bark, Farbe u. Park, 1930. 35, 447; Rev. Paint, Colour, Varnish, 1930. 3, 219; Am. Ink Maker, 1932, 
iO (1), 17; Rev. Paint, Colour, Varnish, 1932, 5, 90. 

Cf. Z. Deutschlands Dntckgewerbe, 1939, 51 (42), 448. 
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as fixing agents which appear to cover up and conceal the odoriferous 
material.®'^ The inclusion of esters of 9,11-octadecadiene-l-carboxylic 
acid (dehydrated castor oil) and polyhydric alcohols with an odorless 
natural resin, such as ester gum and purified rosin, makes for a more 
pleasing odor in inks.®® 

Roller and Blanket Problems 

The printing-ink roller invariably presents problems to the printer. 
The material used for the roller must be resistant to all ingredients of the 
ink with which it comes into contact, resilient enough to conform to the 
type face or plate, and tough and lasting. When employing a regular 
drying-oil ink, the usual roller composition is made up of gelatin or glue, 
water, and a plasticizer. Rubber would be dissolved or decomposed or 
caused to swell by the oil vehicle present in the ink. Frequently the 
plasticizer is glycerol, but it has many disadvantages; mainly its sensi¬ 
tivity to changes in humidity and temperature. For this reason, rollers 
must be designated for use in summer or in winter, those for cold weather 
containing more plasticizer than ones suited for warm weather. 

Instead of incorporating glycerol as the softening agent for the glue 
composition, substitutes obviating the defects caused by glycerol have 
been suggested. Sorbitol dissolved in diethylene glycol in the proportion 
of 65 to 85 per cent sorbitol, the remainder being the solvent, has been 
added to the glue base. Ingredients consisting of about 30 per cent glue, 
50 per cent sorbitol solution and 20 per cent water make up the compo¬ 
sition for the roller. The glycol, water and sorbitol arc placed in a hot- 
water jacketed kettle and heated to 70"^ C., the amount of water being 
held constant. The glue is added and the mixture heated for about two 
hours at 70 to 80"^ C., at the end of which time the mass is ready for 
casting.®® Sorbitol may replace only part of the glycerol as a plasticizer, 
thus minimizing, although not actually eliminating, all the objectionable 
properties of the latter. The range of sorbitol content of the plasticizer 
is from 30 to 75 per cent, the remainder being glycerol, although the usual 
amount is about 55 per cent. The roll composition consists of 25 per cent 
glue, 25 per cent water and 50 per cent sorbitol-glycerol plasticizer.®® 

A mixture of chloroprene,®^ a synthetic rubber, with alkyd resins forms 
a composition which is used for rollers or offset blankets. The resin is 
synthesized by the reaction of glycerol phthalate with the ethylene glycol 
ester of adipic acid. The roller is composed of polychloroprene, sulphur, 

P. J. '^riiomn, Am. PrcsHninn, 1037, 48 (1), 30; Rev. Pmvt, Colour, Vnrtiish, 1938, 11, 110. Ser 
uhn Am. Ink Maker, 1938, 16 (10). 41. 

“ J. Schiebrr, Gorrnnn P. 522,486, 1930; Rev. Paint, Colour, Vnrni.sli, 1931, 4, 288. The rosin is 
purified bv vactium di.stillation. 

“L. H. Harrison, U. S. P. 2,121,126, .Tune 21, 1938, to Atln.s Powder Co.; Chew. Ahs., 1938, 32, 6362. 
«oj. T. Power, U. S. P. 2.121.131. .Tune 21, 1938 to Atlu.s Powder Co. ; C/o ;//. Ahs., 1938, 32, 6362. 

British P. 477,903, 1938; Cliern. Ahn., 1938 , 32, 5118. 
Also calle<l “Neoprene” and “Duprene.” See Carleton Ellis. “The Cln*inistry of Synthetic 

Resins.” New York, Reinhold Publishing Corp., 1935, and Carleton Ellis, “The Chemistry of Petro¬ 
leum Derivatives,” Vol. II, New York, Reinhold Publishing Corp., 1937, Chapter 27. 
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the above resin, and fillers, such as zinc oxide. An antioxidant for the 
ohloroprene may be incliided.®^ Another ingredient for rollers said to be 
resistant to oil and acids is a non-benzenoid polymer of acetylene of the 
empirical formula CsHg. The resin is dissolved in benzene and coated on 
the roller.®*^ A felt material which has been impregnated with a cellulose 
derivative, such as cellulose acetate or nitrate, forms a coating for another 
variety of roller.®^ 

Offset blankets must have the same qualities as do inking rollers, 
for they are also subjected to the action of the oil vehicles of ink. Rubber 
may be used in instances where the ink contains no solvent or vehicle 
which causes deterioration of rubber. One or more layers of cloth may 
be employed, between which rubber may be deposited to produce a cush¬ 
ioning effect.®® A coating of rubber hydrochloride is said to make the 
blanket impermeable to the effects of the varnish in the ink. A layer of 
felt is coated with rubber cement and pressed together with a similarly 
treated layer of cloth. Over this a coating of rubber hydrochloride is 
applied by means of successive applications of a solution of the material 
in benzene or chloroform. 

The rubber hydrochloride' is produced by dissolving 20 lbs. of plasti¬ 
cized crepe rubber in 313 lbs. of benzene and passing hydrogen chloride 
gas into the solution for about six hours at 10® C. Addition of the gas 
is stopped when the increase in weight of the solution reaches 11.6 lbs. 
The cement then is allowed to warm to room temperature and to react 
until a washed and dried sample is of the required tackiness, showing the 
chlorination has taken place. The usual time required is approximately 
20 hours. This procedure yields a rubber compound about 30 per cent 
saturated, which is about the desired amount. Fully saturated rubber 
hydrochloride is too brittle for use as a roller; that chlorinated to an 
amount less than 27 per cent is reported to be too tacky to be of value. 
Steam distillation removes the excess hydrogen chloride and solvent. The 
purified rubber hydrochloride is dissolved in benzene or chloroform and 
applied to the roller. Hexamethylenetetramine to the extent of \ per 
cent of the halogenatcd rubber may be added as an age resister for the 
rubber derivative.®'^ 

An alkyd resin, prepared from glycerol, phthalic anhydride, ethylene 
glycol, and succinic acid, in a ratio of glycol succinate to glycerol phtha- 
late of about 4:1 by weight, finds application as a roller-forming material. 
The ingredients are heated in an aluminum vessel at 180 to 200® C. until 
there is evidence of gelation. The prepared resin is poured into shallow 

Uritish P. 479,625, 1938. to Brit. Thomson-IIouston Co.. Lttl.; Rev. Paint, Colour, Varnish, 
1938. 11, 194; Bnt. Chem. Abs. B, 1938, 1330; Chem. Abs., 1938, 32, 5115. 

"•’’A. L. Freofilnndor, Canadian P. 372,423, 1938, to Dayton Rubber Mfg. Co.; Rev. Pamt, Colour, 
Varnish, 1038, 11, 280; Chem. Ab.s.. 1938, 32, 3523. 

«*F. Tut7,sehke. GiMiiian P. 603,5:)0, 1935; Chem. Zentr., 1935, 106 (1), 1131; Rev. Paint, Colour, 
Varnish, 1935, 8, 109. 

For a iliscu.ssioM of offset iirinting, see Chapter 9. 
"‘'British P. 481,587, 1938, to Dewey and Almv Chem. Co.; ('hnn. Abs., 1938, 32, 6906. 

W. C. Calvert, C. S. P. 2,064.780, Dee. 15, 1936, to Wingfoot Corp.; Rnt. Chem. Abs. B, 1938. 
1198; Chem. Abs., 1937, 31, 907. 
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amalgamated tins and cured at about 150"^ C. for three to five weeks. 
The resin sheet then is rolled on metal cones and wrapped with paper and 
wire to maintain its shape while it is baked to harden it to a sufficient 
tackiness. When at the right thickness the roll is cooled and machined 
to the required size on a lathe.®® 

Special Printing Surfaces 

Three or four unusual varieties of printing surfaces may be noted. 
The usual composition, type metal, is composed of lead, tin, antimony 
and bismuth, although other materials have been used, such as thermo¬ 
setting, synthetic resins. The face of the type is covered with a layer of 
rubber 0.5 mm. thick to equalize the pressure when printing.®® Thermo- 

M. M. Safford, U. S. P. 2,073,528, April 9, 1937, to General Ekxjtric Co.; Hrit. Chcm. Aba. B, 
1938, 1329; Chtm. Abs., 1937, 31, 3180. 

« British P. 482,016, 1938, to E. Gimdluch A.-G. ; Chem. 1938, 32, 6774. P. A Fiu/ut 
U. S. P. 2,133,981, Oct. 25, 1938, to Frazier Piocesseh Inc.; Chem. Abs., 1939 , 33, 787. 

Design offset frorn 
drawing or sketch / Routed out areas 

Figure 81. Method of Preparing Printing Block from Linoleum (C. E. Gray). 
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plastics may be used in making type or in the linotype process, where the 
characters may be cast and then melted after printing for re-use. Cellu- 
losic materials combined with a plasticizer produce one species of type 
surface. A mixture of nitrocelluloses of different viscosities with sufficient 
triphenyl phosphate or some other plasticizer, to impart to the compound 
a viscosity of more than 10 seconds as tested in the falling-ball treat¬ 
ment, may be cast into type."^^ Linoleum, a frequently used substance 
for making plates of drawings, is employed as a base for the production 
of a printing block. It is buffed down with pumice and dried. Next, a 
coat of an oil-base enamel is sprayed on it and allowed from one to two 
weeks to set. It is then wiped over with alcohol to soften the extreme 
outer surface to permit transference of designs to the plate by pressing 
the drawing on paper against the surface of the block. The non-printing 
areas of the linoleum are then cut away to produce a relief printing block 
(Figure 81).'^^ 

Ink Removal 

Another common problem connected with ink is that of its removal 
from cleaning cloths and tlie skin of pressroom workers. The usual 
method of removal from hands is by the use of a soap containing pumice 
or fine sand in its body. 

However, the problem of ink removal from textiles is more complex, 
because the fibers absorb tlie vehicles and sometimes the pigments of ink. 
More involved methods, therefore, must be resorted to in the cleaning of 
cloth. A solvent such as toluene, aniline, or benzene often is used as a 
detergent. A mixture of 65 parts of toluene, 31 parts of anisole, 1.5 parts 
of aniline and 0.5 part of sassafras oil is re]iorted to serve as an ink 
remover,'^- Often in the r(‘cov(‘ry of oily inks from cloths, the vehicle of 
the ink is a valuable by-product and is separated for re-use. The textile 
material is treated with various solvents, such as acetone, turpentine, 
carbon tetrachloride, etlier, chloroform, or carbon disulphide, to dissolve 
the ink. The resulting liquor is passed through infusorial earth, clay, or 
activated carbon to remove the pigment, and the oil filtrate is freed of 
impurities by distillation when possible.^'*^ 

Another preparation for the removal of ink from textiles, glass and 
other materials consists of soft soa]), quartz sand, borax, and oil of bitter 
almonds (bcnzaldehyde) 

R. H. McKoo, II. S. P. 2.116.:)36, Mny 10. 1938, to Celhi-T\pp Plate Co.; C/irm. .!/».<.. 1938, 32, 
5209. See al.so W. B. Wescott, S. P. Il34,165, Oct. 25, 1938, to Addressogiaph-Multi^raph Corp. 

C. E. Gray. U. S. P. 2,124,294, July 19, 1938, to M, Hurt and McLaughlin and Wallenstein Co. ; 
Chem. Abf^., 1938, 32, 7171. 

P. A. Oeller, Canadian P. 354,185, 1936; Rev. Paint, Colour, Varnish, 1936, 9, 170; C/irm. Abs., 
1936, 30, 1908. 

Ta M. S. Hopkins, U. S. P. 1.021.737 and U. S. P. 1.021.7,38. Marrh 26. 1912. to the Separate Recov¬ 
ery Co. of America; Chem. Abs., 1912. 6, 1370. M. S. Hopkins and C. R. Barnett. U. S. P. 932.470; 
932,548; and 932,.549, Auk. 31, 1909; T/irm. Abs., 1909, 3, 2632. F(»r a discussirm of ink removal see 
W. Wilhurn. Natl. Clramr d* Dyer, 1936. 27 (8), 36; Chem. Abs., 1937. 31, 6893. 

E. Frier, Swiss P. 161,520, 1934 ; Chem. Zentr., 1934, 105 (1), 150; Rev. Paint, Colour, Vanush, 
1934, 7, 102. 



Chapter 17 

The Testing of Printing Inks 

Testing of both raw materials and finished inks is of importance in 
order to secure uniformity and standard quality. For this purpose a large 
number of physical and chemical tests are available. Not only have the 
properties of the vehicles, pigments and the inks to be investigated, but 
the knowledge of all factors is essential; relations of paper and tempera¬ 
ture, press speed, adhesive power and other properties are necessary for 
correct judgments of printing inks.^* - 

Specific Gravity. Specific gravity is the comparison of the weight of 
a given volume of material with the weight of an equal volume of water 
under given conditions, the latter liquid having the specific gravity of 1. 
This test is of value for the estimation of covering power of an ink;*'' for 
calculation of ink losses while grinding, since the loss of weight is pro¬ 
portional to the density of an ink;^ and for the consumption of pigments, 
because their specific weight and oil absorption are closely related,'^ heavy 
pigments having lower oil absorption.® 

The specific gravity of a liquid is ordinarily determined by means of 
such common devices as the Westphal balance and the pycnometer. 
Usually the measurements are made at a temperature of 15.5® C. or 
60® F. If, as is often the case, an accuracy of only 2 to 3 per cent is all 
that is required the following method may be used:’^ a piece of clean 
glass tubing of about 4 mm. bore and 4 cm. in length is weighed and the 
internal radius of the tube accurately measured. Ink is then forced into 
the tube by vertically submerging the end slowly beneath the surface of 
the ink. It is not difficult with a little care to exclude air bubbles. When 
the tube is nearly full it is withdrawn from the ink, carefully wiped, 
reweighed, and the length of the ink column measured. P>om the length 
of the ink column (L) radius of bore (R) and the weights of the tube 

»R. Bcucrle, Chrm.~Zt(j.. 1932 , 56, 669; Chrm. Abs., 1932, 26, 5438; lirit. Chun. Abs. B, 1932, 1040. 
2 For reviews on testing of printing inks, dyes nnd pigments see: Ajh. Ink Makrr, 1936, 14 (12) 

23; 1937, 15 (1), 21. W. Kiihn, Farben-Chem., 1936 , 7, 219; Chem. Abs., 1936 , 30, 8425. B. Kvton 
Oil Col. Trades J., 1935, 87, 1605; Chem. Abs.. 1935, 29, .5289; Brit. Chem. Abs. B, 1935, 684. R. F 
Reed, Off. Diqest. 1934, 138, 245; Chem. Abs., 1934. 28. 75,58: Brit. Chem. Abs. B, 1934, 1069. Farbe u.- 
Lark, 1931 (11). 125; (12). 137; (14), 161; (17), 196; (18), 209. S. T.evin.son, Ind. Eng. Chem., 1912. 4, 
661; Chem. Abs., 1913, 7, 1621. B. Walthcr, Chcm.-Ztg., 1921, 45, 430; Chem. Abs., 1921, 15, 2988 

a S. T. Kantor, Am. Ink Maker, 1936, 14 (2), 19. 

< K. H. Bettner, Am. Ink Maker, 1936, 14 (3), 23; Chem. Abs., 1937, 31, 6035 , Brit. Chem. Abs. B, 
1938, 1217. 

E, Stock, Farben-Ztg., 1936, 41, 959; Chem. Abs.. 1937, 31, 4512: Bnt. Chem. :\l>s. B, 1936, 1108. 
" II. Ilehbcrling, Farbe u.- Lack, 1935, 435; Chtm. Abs., 19.35, 29, 8364. 

J, A. V. Fairbrother ami R. G. W. Cionev, Vatra J., 1937, 1 (3), 104; Am. Ink Maker, 1938, 
16 (1), 18; Chem. Abs., 1938, 32, 2375. 
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empty {Wi) and full {W^) the density (D) may be calculated from the 
formula 

W,~Wr 

R^L 

Viscosity. This is the internal friction of the material under investi¬ 
gation and depends upon the temperature and pressure. Hence, viscosity 
measurements should be made at a specified temperature. Regulation 
of viscosity permits adjustment of distribution, penetration, tack and 
other properties of the ink to suit the particular pigment, paper and 
process used.® There are many kinds of viscosimeters available ^ which 
can be divided into three classes: falling weight, efflux (capillary tube) 
and torsion.^® A very good method for varnishes is that of the falling 
ball, giving absolute values. The unit for viscosity is the “poise.A 
substance is said to have the viscosity of 1 poise when a force of 1 dyne 
is required to move a plane surface of 1 sq. cm. at the speed of 1 cm. per 
second relative to another plane surface, when these two surfaces are 
separated from one another by a layer 1 cm. thick of the substance 
under investigation. 

Actually, the measurement of vi.^^cosity by the falling ball method is 
made by allowing a metal ball to, fall down a cylinder filled with the 
material. The time recpiired to fall down a definite length is observed 
by means of a stopwatch. Stokes^ law, 

2 

■ n 9 

does not take into account two factors, wall effect and end effect, which 
arc encountered when rather narrow cylinders are employed. For this 
reason Gibson and Jacobs sugge.st that the narrowness of the cylinder 
and the end effect (at the bottom of the vessel) be corrected by extend¬ 
ing the original formula to: 

2 r;r-(d.-rb)T 

'^“9 (\+2Ax){l-^3.3r/hs) 

F = Velocity of sphere 
(7 = Acceleration of gravity 
r = Radius of sphere 

Density of sphere 
= Density of liquid 

n — Viscosity of liquid 

T — Time in seconds for sphere to 
fall through distance 

.r— Ratio of radius of s])here to 
that of cylinder 

= Height of liquid 

*11. F. Bowles, Penrose's Ann., 1937; Atn. Ink Maker, 1937, 15 (4), 25. 
O/tm. Ink Maker, 1936, 14 (II). 22, 41. W. Florus, Farhe v. Lark, 1932, 31S. J. U. Sfeujvit and 

G. G. Sward, A. P. V. M. Circ„ 393, 283; Cfiem. Abs., 1931, 25, 5065. Rev. Ctcn. Mat. Pla.st., 1930, 
6, 333. 

>«C. J. Opp, Am. Ink Maker, 19.34, 12 (6), 13; Chem. Abs., 1934, 28, 4613; lint. C/um. Abs. B, 
1934, 726. 

W. n. Gibson and L. N. Jacobs, J. C. S., 1920, 117, 473; Chem. Abs., 1920, 14, 2431; Brit. Chem. 
Abs. A, 1920, 558. 
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Tentative standards, issued by the Standards Committee of Graphic 
Arts, called for a falling aluminum or brass ball in connection with a 
Fischer instrument.^- Very convenient and sufficient for most purposes is 
the Gardner-Holdt Bubble Viscosimeter.^^ It consists of a set of tubes 
each of which is filled with an oil of standard viscosity. The oil to be 
tested is placed in an empty tube of the same caliber. All tubes are not 
entirely filled, but have an air bubble at the top. By turning the tubes 
upside down and by comparing the speeds of the ascending bubbles in the 
oils the viscosity of the sample can be estimated. Viscosimeters designed 
by Stormer and MacMichael also are suitable for varnishes,^** although 
more complicated to handle. 

An international comparison has been made of Redwood, Engler and 
Saybolt viscosimeters, used in England, Germany and the United States, 
respectively, and it has been suggested that these three countries agree 
to conversion tables for the apparatus mentioned.'® 

Viscosities of pigmented vehicles and finished inks are determined 
the same way as those of varnishes. The consistency of an ink naturally 
is influenced by the pigment and its dispersion in the vehicle. Pigments 
which have not been ground into the vehicle with the necessary care give 
misleading results.'® Flow,'^ tack,'® stickiness and thixotropy arc 
dependent upon viscosity. Thixotropy can be measured in absolute 
units by means of a special device constructed by Goodeve and Whit- 
field.2i 

A simple type of thixotrometer (Figure 82) was described by Gam¬ 
ble.^- This instrument is essentially a torsion pendulum. It consists of a 
hollow metal cylinder coaxially suspended from a steel wire of known 
rigidity and partially immersed in the liquid under examination. The 
other end of the wire is attached to a torsion head. The angular rotation 
is measured by a mirror and light beam. In the case of a sol possessing 
yield value the cylinder will rotate through an angle smaller than the 
angular displacement of the torsion head. From the difference of these 
two angles the torque remaining in the wire may be calculated and the 
yield value of the sol ink or paint) determined from the dimensions 
of the cylinder. In operating the instrument the torsion head is displaced 

Farhen-Ztg., 1922, 27, 2491; Chem. Ahs^., 1922, 16, 3404. 
J. R. Stewart, A. P. V.M. Cirr., 434, 219; Chem, Ahn., 1933, 27, 4426; Brit, Chem. Abs. B, 

1933, 1068. Innt. Paint, Vamiah FtrHrarrh. Sri. Circ. No. 325. 
J<S. N. Glarum, Am. Dyestuff Rep.. 1934, 23, 17.5; Chem. Zentr., 1934, 105 (2), 517; Chem. Abs., 

1934, 28, 4911; Brit. Chem. Ahs. B, 1934. 49.5. 
iBR. Erk, J. Rheol.. 1931, 2, 163; Rev. Paint, Colour, Varnish, 1931, 4, 15.5. 
i«H. Wolff, Farben-Ztfj.. 1929, 34, 2990; Chem. Abs., 1929, 23, 5598; Brit. Chem. Abs. B, 1929 , 947. 

Farhe u. Lack. 1931, 36, 501. 
«R. Biilklev & F. G. Bitnrr, J. Rheol., 1930, 1, 269; Chem. Aba., 1930, 24, 5183; Brit. Chem. 

Abs. B, 1930, 674, 844. 

‘"A. V. Painfilov an<I K. N. Roslv.'ikova, Zh. Prikl. Khim., 1936, 9, 1057; Brit. Chem. Abs. B, 
1936. 911. 

-® Tliix<iti(»pv' is the i.HotlHTiiial iI'v risihli. ilcrtc.'iHc of v'iscoHity with shear. (C. F. GtKMieve nn<l 
G. W. Whitfield, Trans. Faraday Soc., 1938, 34, 511.) 

^ C. F. Goodeve and Q. W. Whitfield, lor. cit. G. W. Whitfield, Paint Manuf.. 1939, 9 (3), 80; 
Rev. Paint, Colour, Varnish, 1939, 12, 181; Chem. Abs., 1939, 33, 4442. 

'•«D. L. Gamble, Ind. Eng. Chem., 1936 , 28, 1205; Chem. Abs., 1936, 30, 8649. 
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Figure 82. 

Diagram of Torsion Pendu¬ 
lum (D. L. Gamble). 

Courtesy Industrial and Engineering 
Chemistry 

through a given angle and the rate of relaxation and its ultimate position 
of equilibrium are determined by recording the position of the light beam 
on the scale at definite time intervals. If displacement is plotted against 
time, curves of the type shown in Figure 83 are obtained. The curve 
flattens out and becomes es.'^entially horizontal. The point at which the 
curve becomes api)arently horizontal is taken as a measure of the rigidity 
of the sol. By decreasing the initial displacement of the torsion head the 
approach to equilibrium may be made so slow as to leave the ink vir¬ 
tually undisturbed and thus obtain a measure of its consistency, suffi¬ 
ciently accurate for most purposes. Flow is measured by comparing the 
time required for the liquid to travel a specified distance down a smooth 
surface inclined at 45*^ and comparing it with the time needed for the 
same quantity of oil of known flow to cover the same distance. 

Figure 83. Relaxation Curvo.s Obtained with Torsion P('ndulnm 
(D. L. Gamble). 
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A special apparatus for indicating the consistency in terms of the 
frictional torque of inks between rollers wet with ink is illustrated in 
Figures 84 and 85. This device is called an “Inkometer.” It provides the 
inkmaker with a quick and accurate method of evaluating tack and 
mobility according to the temperature and film thickness, and is of 
especial importance because it most nearly duplicates actual operating 
conditions. The instrument consists of a metal roller, X, and a compo¬ 
sition roller, Y. The latter is supported by and permitted to swing freely 
on the shaft of the lower roller. All bearings are practically frictionless. 
The lower roller is driven by an electric motor capable of three different 
speeds, 200, 400 and 600 r.p.m. The upper roller is driven only by con¬ 
tact with the lower roller against which it rests. The upper roller thus 
functions as a brake on the lower. A graduated balance arm (L) with 
a sliding weight (W) is attached to the frame in such a way that the 
torque acting on the steel frame may be balanced by moving the weight 
along the balance arm. The frame and the rollers are so balanced that 
the center of gravity of the steel frame and upper roller is a little below 
the axis of the lower roller. This arrangement forms a dynamometer 
capable of indicating the frictional torque between the rollers at their 
point of contact. The friction, it may be noted, is found to be virtually 
independent of the speed when no ink is present on the rollers. This 
frictional force is overcome by the side-arm (Z) which carries a counter¬ 
weight (C) The torque produced by an ink film does change with speed 
of the rollers, and this force is balanced by weight (W), thus permitting 
measurement of tack of the ink under actual operating conditions. 

Consistency, plasticity and viscosity can also be observed, in a general 
way, with the aid of a microscope.-'^ 

Penetration. The rate of penetration of an ink into the paper is 
interesting particularly for news inks, since they dry by absorption. 
Other inks, however, are also absorbed by the paper to a certain extent. 
This depends in the first place upon the paper itself and its finish. 
Unsized papers allow the ink to penetrate better than sized; papers which 
have been sized by various methods behave differently, too.-^ Smoothness 
of the paper and viscosity of the ink are the important properties. An 
arrangement for detecting the absorption power of the paper and for 
following the course of the imi)ression has been made by Bekk and is 
known as the “smoothness tester.” Viscosity of the ink and penetration 
into the paper are, of course, very closely related,-^ and upon these proper- 

«J. Opp, Am. Ink Maker, 1934, 12 ( 2). 9, 12, (3), 9; C/irw. 1934 , 28, 4919. Am. Ink Maker, 
1935, 13 (3), 17; Chem. Abs., 1935, 29, 4607: Hnt. Chem. Ahs. B, 1935, 287. 370. R. F. Reefl. U. S. P. 
2,101,322, Dec. 7, 1937, to LiilioRraphic Technical Foundation. Inc.; Am. Ink Maker, 1938, 16 (2), 37. 
Lithographic Technical Foundation, Inc., Technical Bulletin No. 2, Research Series No. 4, 1939. 

2<J. R. Stewart, Paint Yarn. Prod. Mgr., 1936, 15, 32; Chem. Ab«.. 1936 , 30, 6218. 
»«J. Strachan, Paper Mill, 1929, 52 (3), 24; Chem. Abs., 1929, 23, 3095; Brit. Chem. Abs. B, 

1930, 97. 
^3. Bekk, Papicr-Fabr., 31, Tech.^wiss. Ted, 1933, 485; Chem. Abs., 1934 , 28, 1530. 
^ I. H. Andrews, Paper Trade J., 1930, 90 (16), 59; Chem. Ahs., 1930 , 24, 4154. 
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C. Fixed counterweight 
I. Ink pipette 
L. Scale beam (side arm) 
V. Composition-covered vibrating roller to provide lateral ink distribution 
W. Sliding weight 
X. Metal roller 
Y. Composition-covered roller 
Z. Side members (swinging frame) 

ties opacity of the ink or its transparency will depend.'-'^ Unsized white 

paper should be used for penetration tests. The rate of penetration is 

proportional to the quotient of surface tension to viscosity and follows 

known laws governing capillary flow of liquids through porous bodies. 

Standard temperatures (preferably 21.1° C.) and a relative humidity of 

50 per cent should be chosen.^^ 

Several methods for estimating penetration arc used. The ‘^oil-flota¬ 

tion method’’ consists in dropping a two-inch square of paper on the sur¬ 

face of highly refined castor oil and noting the time required for complete 

absorption or saturation. The “oil-drop method” is carried out by 

»W. M. Nash, Paper Mill, 1930 , 53 ( 22), 14; WoWei's Paper Trade Rev., 1930, 94, 149; Chem. 
Ahs., 1930, 24, 5494. J. Albrecht, Farben.-Ztg., 1938, 43, 1011; Brit. Chem. Aba. B, 1938, 1326. 

»G. L. Laroeque, Pulp Paper Mag. Can., 1937 , 38, 77; Tech. Sect. P. M. A., 1937, 14, 44; Chem. 
Aba., 1937, 31, 3268. Q. L. Laroeque, Paper Ind. and Paper World, 1938, 460. 
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placing one drop of a No. 0000 linseed varnish on paper and noting the 
time required for complete penetration, at which the oil spot assumes 
uniform translucency when observed against an illuminated ground 
glass.^^ The latter test is considered very sensitive for indicating varia¬ 
tions due to calendering and to papers of different fiber composition. The 
castor oil test is not capable of indicating these variations, and with 
regard to the fiber compositions gives contradictory results.*'^- The photo¬ 
electric cell has been used to measure the time for a definite degree of 
penetration to take place.A diagram of one such instrument is shown in 
Figure 86. Typical results of the penetration tests are shown in Figure 

Tlie niiiitber desinnato.s tiu' consistency of the linseed oil. Ff)r llu* viscosities corre.s{)onding 
fo the.se nuinbera see (.-luipter 7. 

E. O. Reed, Painr Trade J., 1928, 86 (12), 54; Chem. Abs., 1928, 22, 1853. 

H. H. CJlranthain and W. I’rc, Paptr Trade J., 1935, 101, T. A. P. P. I. Sect., 143; Bnt. Chem. 
Abu. B, 1935, 1039; Chem. Abs., 1935, 29, 7654. 

:«W. G. Dodge and C. E. Tarvin, Paper Trade J., 1935, 100 (5), 38; Chem. Abs., 1935, 29, 3834; 
lird. ('hem. Ab.s. B, 1935, 400, 

FuiimE 86. Diagrammatir Sketch of Photoelectric Penetration Tester 
(W. G. Dodge and C. E. Tarvin). 
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Fiourk S7. Ty[)i(*:il Results Si'eured with Photoelectric Pf'iietnilion '["(‘ster 
(W. G. Dodge and C. E. Tarvin). 

87. Wlien testing ne\vsj)aper inks for penetration, a scries of at least 
10, better 20, tests sliouhl be made in order to obtain a good average 
value, thus overcoming the lack in uniformity of these inks.’^^ Oil absorp¬ 
tion into paper is not related to water absorption.'^*'' While printing, the 
press accelerates penetration.'*® A special apparatus is available for test¬ 
ing properties of i)rinting ink films on different papers (Figure 88).'*^ 

“L. C. Anderson, Pulp Paper Maq. Can,, 1934, 35, 85; Chem, Abe., 1934, 28, 2901. 
••^G. A. Albert, Paper Trade J., 193.3, 101, T. A. P. P. I. Sect., 127; Brit. Chevi. Abu. B, 1935, 1040; 

Chem. Ahs., 19.3.5, 29, 76.54. 
P. H, Prior, Paper MakerH Atfnoc. (it. Brit. <t Ireland, 15, 335; World's Paper Trade Ttev., 

1934, 102, 1874; 193.5, 103, 60; Chem. Ah«., 1935, 29, 4579. 
»^F. W. IbKh, U.S. P. 1,939,814. Ufic. 18, 1933; Chem. Abs., 1934, 28, 1556; Brit. Chem. Ahs. B, 

1934, 7.35. 
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Figuuk 88. DijiKrainrnatic Sketch of Apparatus for Testing Printing Ink 
and Pai)er (F. W. H(x*h). 

With this apparatus, it was said to be possible to measure the thickness 

of the film of ink that is ajiplied to the paiK‘r. Also, the pressure neces¬ 
sary to transfer a good film of ink to any jiaper may be determined at 
the same time. The use of castor oil fatty acids instead of oleic acid as 

toner solvent is reported to reduce penetration.'^^ Relations between ink 

and pajier may lie obs(‘rved also with the aid of microscopy or microg¬ 
raphy Fluorescence microscoj^y is reported to be especially useful for 

this purpose.**^ 

Molecular Refraction. The total reflection of light going from one 
medium into another can be measured by means of a refractometer. The 

refractive index, a, is the ratio of the sines of the angles formed by the 

incident and the reflected beams with the ordinate. From the refractive 
index, ?i, the molecular refraction can be calculated according to the 

formula 
n--\ M 

'1 1 7 n- +1 (I 

M standing for the molecular weight and d for the density of the liquid. 
Since the molecular refraction (rij,) is proportional to the temperature, 
most of the data available refer to 20'^ C. and the D-line of a sodium 
light. Very convenient refractometers have been constructed, the better 

known being those designed by Pulfrich and Abbe. The molecular 

refraction is not simply the sum of the atomic refractions but is greatly 
influenced by the molecular arrangement, certain groups, double and 

triple bonds. Hence, the molecular refraction of a drying oil is a very 

B L Wehmhoff, D. P. Clark ond H. D. Boyce, U. S. Govt. Print. Office Tech. Bull., 1933, 
No. 18. 

** W. Ktihn, Farben.-Chem., 1936, 6, 417; Chem. Abs., 1936, 30, 2409. 
H. Kicnast, Bl. Unters.- A Forsch.-Instr., 1937, 11, 33; Chem. Zentr., 1937, 108 (2), 3534. 

J. Grant, Chem. A hid., 1937 , 56, 237. 
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well established value and in many instances may be used as a specific 
test for such an oil. For the exact determination of all properties of a 
drying oil, however, it is necessary to make several other tests as 
described in this chapter. 

Covering Power and Gloss. Covering power and spread of inks 
can be measured, the former by printing a known volume of ink on a 
paper and ascertaining the area which has been covered.'*'^ Prior and 
Bekk suggest applying the ink to the paper, determining the quantity 
applied and the degree of blackening with a Zeiss-Pulfrich step-photom¬ 
eter. Quantity of ink applied plotted against degree of blackening gives 
measure of the ‘‘coloring power.’" With colored filters this method can be 
employed for colored inks also. Closely connected with the covering 
and coloring power is the gloss of the print. The latter is caused by a 
high index of refraction and increases with the reflection of light. The 
specular reflection is measured from a certain angle, mostly between 55‘^ 
and 57°. Many devices have been constructed facilitating these measure¬ 
ments, using photoelectric cells and various other improvements. 
Pfund’s glossmeter and the Oxford glossmeter are widely in use, the 
latter having been modified to eliminate certain defects.'*^ A diagram of 
the Pfund glossmeter as modified by Haslam and Cirady is shown in 
Figure 89. 

The principle of its operation is briefly as follows: 

To a vertical post (A) of the apparatus arc attached a movable 
collar (E) and a fixed pivot (D) which supports two hollow arms (B and 
C) which make equal angles with the panel surface. The printed surface 
under test is placed upon the panel, which is rotated in order to integrate 
the gloss over a considerable area of the panel. By adjusting the collar 
the angle of the arms with the panel may be changed. A beam of light 
from a single filament lamp is directed down one arm onto the panel. All 
specularly reflected light passes up the second aim where it is focused 
onto the filament of an optical pyrometer. The current in the filament 
can be adjusted so that the filament in the brightest portion of the light 
will just disappear. 

Calibration of the milliammeter in terms of reflected light intensity 
may be accomplished by measuring the current as knotvn fractions of the 
full illumination are reflected from a surface which may be taken as 
having a 100 per cent gloss, e.g., glass. 

«M. O. Schur, U. S. P. 1,691,739, Nov. 13, 1928, to Brown Co.; Chem. Abs., 1929, 23, 532. 
" Atn. Ink Maker, 1933, 11 (8), 15. 

^P. H. Prior, World Paper Trade Rev., 1934, 102, 1874; 1935, 103, 60; Chem. Zentr., 1935, 106 (1), 
1623; Rev. Paint, Colour, Varnish, 1935 , 8, 109. J. Bekk, Am. Ink Maker, 1932, 10 (4), 25; Chem. 
i4b«., 1932, 26, 5438; Bnt. Chem. Aba. B, 1932, 1076. 

«R. F. Hanatock, J. Oil Col. Chem. Aaa., 1937, 20, 91; Chem. Aha., 1937, 31, 7271. 
R. C. Chandler, Am. Ink Maker, 1937, 15 (9), 39. 

O. Kress and H. W. Morgan, Paper Trade J., 1935, 100 (26), 41, Tech. Aaaoc. Papera, 18, 409 ; 
Brit. Chem. Aba. B, 1935, 753; Chem. Aba., 1935 , 29, 7126. 

Q. 8. Haslam and L. D. Grady, Jr., Ind. Eng. Chem., Anal. Ed., 1930 , 2, 346. 



TESTING 453 

Glossnieters in general follow the same principles as the Pfund gloss- 
meter.^® Filters give the possibility of measurements in different colors.*^® 
Slater*''^ built a photometer which is said to record the measurings 
graphically. 

Figure 89. Diagram of Pfund Glossmcter (G. S. Haslam and L. D. Grady, Jr.) 

Color. The color measurement of oils and varnishes is important 
especially for light inks. Dark vehicles naturally yield darker inks than 
light ones. The use of the common devices such as the Zeiss step-photom¬ 
eter or Lovibond tintometer is limited on account of their cost. Color 
values can be determined, according to Greitemann/"'- by comparison with 
a potassium iodide solution of iodine. The color value of the oil is given 
as the mg. of free iodine in 10 cc. of an aqueous iodine-potassium iodide 
solution viewed through a 25-mm. layer. Other workers state that a 
thickness of 10 mm. is most suitable and recommend the employment of 
potassium bichromate for clear pale oils.'''"*^ For use on tintometers color 
scales have been drawn containing 10 main and 10 intermediate steps 
resulting from trichromatic measurements on a large number of oils and 

R. S. Hunter, J. Opt. Soc. Am., 1935 , 25, 47. H, Wolff and G. Zeidler, Paint, Var. Prod. Afgr., 
1937, 17 (4), 7. R. Fritz, Chim. bid., 1935, 33, 541; Chem. Abs., 1935 , 29, 3859; Brit. Ghent. Abs. B, 
1935, 510. 

MJ. W. Ayere and D. H. Clewell, Paint, OU, Chem. Rev., 1938, 100 (3), 7; Am. Paint J., 1938, 
22 (21), 15. 

«‘J. M. Slater, J. Opt. Soc. Am., 1935, 25, 218. 
G. Greitenmnn, Chem. Umschau, 1929, 36, 167; Chem. Abs., 1929, 23, 4358; Brit. Chem. Abs. B, 

1929, 564. 
«F. Pallauf, Chem. Umschau. 1930, 37, 21; Chem. Abs., 1930, 24, 1531; Brit. Chem. Abs. B. 

1930, 466. 
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one varnish.®"* This method is considered applicable for absolute measure¬ 
ments despite some sources of error. The three-filter spectrophotometer 
is good for comparative measurements.®® Tentative standards for tintom¬ 
eters have been recommended by the American Oil Chemists^ Society.®® 

Odor. The odor of a varnish can be detected by warming a sample 
gently or rubbing a trace on the hand. Tung oil has a cluiracteristic odor 
and is sometimes rejected for food wrappers. There are no standards as 
to the determination of odors. Some modifiers are perfumed today in 
order to cover any disagreeable smell of inks. 

Evaporation Rate. Inks containing a thinner should be tested with 
regard to the evaporation of tlie solvent.®®*^ The evaporation rates of 
organic liquids are not always proportional to their boiling i)()ints. Com¬ 
pounds containing a hydroxyl group evaporate more slowly than those of 
the same boiling point without this group. The most practical method is 
to allow the solvent to evaporate under given conditions and determine 
loss of weight with time. The quantity of liquid evaporating in a given 
time is proportional to the product of vapor pressure and molecular 
weight. n-Butyl acetate is suggested as a standard.®^ Measuring devices 
based on the same principles have been constructed, in some cases with 
slight variations.®® 

Acid Number. The acid number is defined as the number of milli¬ 
grams of potassium hydroxide required to neutralize one gram of oil or 
varnish. Two or three grains of the oil to be tested are weighed and dis¬ 
solved in 40 cc. of a benzene-alcohol mixture (2:1) containing 1 per cent 
of phenolphthalein. If necessary, especially with heavy-bodied var¬ 
nishes, the mixture may be warmed, or ev(‘n heated under reflux, to secure 
dissolution of the acidic bodies. The solution is then titrated with O.LV 
potassium hydroxide. A blank test is made in the same manner to deter¬ 
mine the alkali consumption of the solvent mixture. The change in color 
of the indicator is sometimes very difficult to recognize when titrating 
dark oils. In this case the be.st method is electrometrical titration.®®" 

Saponification Number. The consumption of milligrams of ])otas- 
sium hydroxide for one gram of oil is defined as its saponification num¬ 
ber. Two to three grams of the oil are refluxed with 25 cc. of 0.5.V alco¬ 
holic potassium hydroxide for an hour. After this the excess of alkali 
is titrated with 0.5iV hydrochloric acid, using phenoliflithalein as indi¬ 
cator. A blank test is run in the same manner. The difference (expressed 

MD. I.. Tilloard, J. Oil Chvm. Ahi^., 1937, 20, 124; .Um., 1937. 31, 7269. 
»F. Lindmayer, Akad. Wif^^^cunrh., Wiev, Brr., 1936, 145, 2h, 611; Sci. Abu. A., 1938, 41, 150; 

Rev. Paint, Colour, Varnixh, 1938, 11, 1.52. 
w>W. D. Hutchina, J. Oil Fat Ind., 1931, 8 (8), 303; Chrm. Ahi^., 1931, 25, 5053. 

Am. Ink Maker, 1937, 15 (12), 23. 
H. E. Hofmann, Ind. Eng. Chem., 1932, 24, 135; ('hem. Abu., 1932, 26, 1490; Rrit. Chvm. Abn. B, 

1932, 331. 
“ L. A. Wotlaufer and .T. B. Gregor, Ind. Eny. Chvm., Anal. Ed., 1935, 7, 290; Chem, Ab(f., 1936, 

30, 52; Brit. Chem, Ahn. B, 1935, 1025. 
B®L. Ivanovsky, Farbe n. Lark, 1932 , 37, 231; Chem. .!/»«., 1932, 26, 3411; Brit. Chem. Ab». B, 

1932, .590. Gennan P. 615,333, 1935, to Mnseliinenfabrik AuKsbiirg-NurnherK A.-O.; Chem. Abs., 
1935, 29, 6112. 

»■ B. P. Caldwell, Ind. Eng. Chem. Anal Ed., 1932, 4, 52. 
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in milligrams per gram of oil) in alkali consumption represents the 
saponification value. By subtracting the acid number from the saponifi¬ 
cation number, one finds the “ester number.” A comparatively low 
saponification number indicates that the oil is blended with unsaponifi- 
able matter, e.g.^ mineral oil. 

The saponification velocity may be used to estimate the resin content 
of a varnish.®^ The velocity coefficient for the saponification of boiled 
linseed and a mixture of linseed and tung stand oils fO.0013/40"^ and 
0.03/80°) in benzene under specified conditions differs considerably from 
that for glyceryl resin esters {viz., 0.000045/40° and 0.00047/80° for rosin 
ester and 0.00007/40° for copal ester). The resin content of a varnish 
may be estimated from the determination of the partial saponification 
value and acid value in benzene. 

Iodine Number. This value is the number of centigrams of halogen, 
calculated as iodine, which react with 1 gram of the material. Under 
specified conditions, this value indicates the proportion of unsaturated 
linkages present in the material. There are three methods of determination 
according to Wijs, Hanus an{l Kaufmann, the two latter being practically 
alike, but the former rerpiires more* lime. If the duration of any method 
is unduly (‘xtended, gr(‘a( variations in results will be observed.^^ Inter¬ 
esting is the behavior of tung oil in this test. Normally only one of the 
three double bonds will be saturated. If the halogen is added in the 
form of a solution in carbon tetrachloride, two double bonds will react. 
If the latter method is applied in the i)resence of ultraviolet rays, all 
three double bonds will be halogenated.’’- Triple bonds, although consid¬ 
ered very reactive, normally add only one mole of halogen. 

The method of Hanus, which aj^parently is employed most fre(|uently, 
is as follows: The quantity of the material to be used depends upon the 
expected iodine number; if the latter is above 120, 0.1-0.2 g. should be 
employed; for an iodine numb(‘r of 60-120, 0.2-0.4 g. is required; and 
for a value below 60, a sam])le of 0.4-0.8 g. The substance is placed in a 
glass-sto])})ered bottle with 10 cc. of chloroform. Subsequently 25 cc. of a 
solution of 10 g. monobromide of iodine in 500 g. of glacial acetic acid are 
added and the mixture allowed to react in the closed bottle for 30 to 60 
minutes. After addition of 15 cc. of 10-per cent aqueous j^otassium iodide 
and 50 cc. of water, the excess of halogen is titrated with O.UV sodium 
thiosulphate, using starch as an indicator. A blank test (as a means of 
standardizing the iodine bromide solution) has to be made in exactly the 
same manner. From the difference in consumi)tion of thiosulphate, the 
iodine number can be calculated. 

If besides the iodine number the thiocyanate number is determined, 

n. Wolff nnd G. Zoidlrr. 6lr, Fvttc, Uar/i.sr, 1938, No. .V 1; Brd. Chem. B, 1938, 1329. 
"'von Reibnitz, Fnrhcv-Ztq., 1929, 34, 1782; Chitn. 1929, 23, 33,58. 

H. K. Mcatorn, hiauf/-Disk., Miin.stor, Gviinnnv, 1936. 

"•'This vivliu* is bnso<l oti tht' solovfiv** nddition of thuM'VjinoK«'n (S('N).-. whirh sj^turafos only a 
part of a)] (lonble boinis pro-sent in oils. II. P. Kaufmann and M. KHlor, Z. Avrj. ('hrm., 1929, 42, 20; 
rfwni. Ahs., 1929. 23. 2051; Brit. Ch<m. Ahs, B, 1929. m. 401. Soo also Carlet(.n Kills, ' Tho Chem 
islry of Petn>lcnni Derivatives," Vol. TI, New York, Reinhold Publishing Ci>rp.. 1937. 
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an almost complete quantitative analysis of the oil can be made by calcu¬ 
lation. The diene number®^ indicates the ])roportion of conjugated 
double linkages. The hexabromide value for the determination of lino- 
lenic acid gives but a partial result due to steric rearrangements.®*'^ How¬ 
ever, these tests are not of immediate importance to the printing ink 
chemist. 

Detection of Rosins and Resins. The presence of rosins is easily 
proved by the Storch-Morawsky-Tiiebermann method. A small sample 
is placed in a test tube and gently warmed with 1 ec. of acetic anhydride. 
After cooling, a drop of concentrated sulphuric acid is allowed to flow 
down the wall of the test tube. In the presence of rosins the mixture 
acquires a violet color which soon changes to brown. This test is not 
fully reliable as certain other substances, c.g., stearins, cause the same 
effect. However, absence of color indicates that the oil contains no 
rosins. 

Synthetic resins may be detected by various properties of their ingre¬ 
dients. Wagner and Schirmer®® devised procedures for the qualitative 
determination of synthetic resins in oils, including solubilities and com¬ 
patibilities. They recommend tests of fluorescence for molten or heated 
resins, the Storch-Morawsky-Liebermann test, and numerous individual 
reactions for each group of resins. A quantitative determination of 
phthalics has been worked out by other investigators®^ based on the 
substitution of one mole of phthalic acid by one mole of lead sulphate.®® 

Livering Tests. As previously mentioned, heavy-bodied varnishes 
tend to react with certain pigments, yielding a solid cake which cannot 
be converted into a useful ink. Tlxis reaction sometimes requires years 
to take place. An accelerated livering test consists in placing the ink in 
an oven and exposing it to a constant temperature of 150-180° F. An 
exposure of 72 hours is said to be equivalent to 1 year, and if the ink has 
not livered after 96 hours in the oven, it is unlikely ever to do so. 

Fluorescence Analyses. Ultraviolet light as dcveloi)ed by a mercury 
lamp is used for analyses of printing inks. The fluorescence of a known 
ink is compared with that of the test sample. Penetration of inks, as 
stated above, can be observed by this method; moreover, mineral oils, 
fluorescing brilliantly blue, can be detected. Linseed oil is easily distin¬ 
guished from other vegetable oils by its characteristic yellow color. Driers 
may be identified as well as resins, since different kinds of resins differ 
greatly in fluorescence. Most solvents, however, fluoresce blue; hence 
the use of the method is limited in this respect. Use of ultraviolet light. 

^ Quantitative addition of maleic anhydride to conjugated double bonds is the basis of this 
meth^. H. P. Kaufmann and J. Baltes, Frtte & Seifen, 1936, 43, 93; Chem. Ahn., 1936, 30, 7885; 
Brit. Chem. Abg. A, 1936, 966. See also Carleton Ellia, “The Chemistry of Synthetic Resina," New 
York, Rcinhold Publishing Corp., 1935. 

* H. E. Meatcm, Inaug. Digs., Munster, 1936. See also H. P. Kaufmann and H. E. Mestern, 
Ber., 1936, 69, 2684; Chem. Abg., 1937 , 31, 2033. 

Wagner and H. Schirmer, Farben-Ztg., 1938, 43, 131. 

E. Fonrobert and A. Muenchmeyer, Farbe u. Lack, 1938, 451; Am. Ink Maker, 1938, 16 (5), 35. 

* See Carleton Ellis, “The Chemistry of Synthetic Resins," New York, Reinhold Publishing 
Corp., 1935. 
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however, does not give reliable results in fading tests.®® Nevertheless, 
different kinds of inks can be recognized, and it is maintained that even 
the age of an ink may be determined.'^® Small amounts of oils, inks or 
resins can be found by fluorescence, even if present only in traces.'^^ 
Invisible or sympathetic inks and those obliterated by coats of other inks 
may be discovered,also forgeries, such as counterfeits.'^'^ Trapp as 
early as 1870 described tlic discrimination of charred banknotes and 
detection of fake documents, also removal of ink stains in order to recover 
letters under them. Modern science, naturally, takes advantage of 
microscope and ultraviolet light for these purposes in connection with 
these improved methods and devices and special treatment for the mate¬ 
rial to be investigated.^^ Infrared rays also have been applied to these 
cases. 

Miscellaneous Tests. A large number of devices and methods have 
been developed to test properties of varnishes and inks.'^’^ One procedure 
for estimating the drying time of an oil involves applying the liquid to a 
strip of metal, glass, wood or })aper onto which a band of corrugated 
material is applied at regular intervals of time, thus producing markings 
on the layer under test until it dries.*^^ Drying of oils has been investi¬ 
gated by determining increases in the weights of samples exposed to pure 
oxygen.’^® A measurement of oxidation is accomplished by following 
photochemical changes that occur in methylene blue admixed with the 
oil. When illuminated by a constant source of light the admixture will 
bleach due to reduction. This is taken as a degree of susceptibility of 
the fat to oxidation and is measured by the decrease of optical density 
observed with tlie aid of a i)()tassium hydride photoelectric cell.^® The 
mechanism of drying on paper has been studied, using micrographs of 
various kinds of ])rinted papers.^' Antioxidants may be tested by means 
of exi)osure to oxygcai of linse(‘d oil in various substrates and measuring 
tlie rate of disaj)p(‘arance of the gas. The efficiency of the antioxidant is 
determined by the speed with which absorption of oxygen occurs.^- Resis¬ 
tance of printing inks to soa]),''^’^ cheese or other substances of alkaline 

^May\uf. Chem., Doc.. 1937; Am. Ink Maker, 1938, 16 (1). 19; Oil Col. Trades J.. 1932 . 82, 230. 
A. Mitcholl, Annh/st. 1930 , 55, 736; Chem. Ahs.. 1931, 25, 3851; Brit. Chern. Ab.<y. B, 1931, 212. 

TiStocki.s, Bull. Acnd. 'lio]/. Med. Belq., 1922. 2 (5). 513; Chem. Ah.s., 1923, 17, 1256. 
7^W. Urbiin, Jahrh. Photo., 1906, 650; Chem. .Ahs., 1907. 1, 19. 
7a J. Grunt, Analyst, 1933 , 58, 603; Chem. Ahs., 1934 , 28, 73 ; Brit. Chern. Abs. B, 1933, 1050. 
7M. Traj)p, Pharm. Zeitschr. Russl., IX, 77; Chern. Zentr., 1870, 1, 244. 
75 L. Arnv and J. Molissino.s, Ann. med. leqale, criminol., pohee sci., 1936, 16, 14; Chern. Abs., 

1936, 30, 5905. 
7"C. A. Mitcholl, Analyst, 1935, 60, 454; ('hern. Abs., 1935. 29, 6533; Brit. Chem. Abs. B, 1935. 774. 
77 Some methods are <loscnho<l bv P. H. Walker (U. S. Dept. .\Qr., Bur. Chem.. 1908, 109; Chem. 

Abs., 1908, 2, 1943; 109 Rev.. 1910; Chem. Ab.s.. 1910. 4, 1144; J.S.C.I., 1910 , 29, 460) and 
J. U. Tuttle and W. H. Smith {Bur. Standards, Tech. Paper, 1914, 39; Ind. Enq. Chem., 1914, 6, 
659; Chem. Abs., 1914. 8, 3632; Bur. Standards, Cir., 1914, 4o; Chem. .\bs., 1914. 8, 556; Bur. Stand¬ 
ards, Circ., 1915, 53; Chem. Abs., 1915, 9, 2155). Bur. Standards J. Research, 1931, 7, 73. 

78 A. M. Park.s, IJ. S. P. 1.938,975, Doc. 12, 1933; Chem. Abs., 1934, 28, 1557; Brit. Chem. Abs. B, 
1934, 736. 

78 D. G. Nicholson and C. E. llolloy. Ind. Eng. Chem., 1938, 30, 114. 
8® O. R. Greenbank and Q. K. Holm, Ind. Eng. Chem., Anal. Ed., 1930, 2, 9; Chern. Abs., 1930, 

24, 1237; Brit. Chem. Ahs. B, 1930, 248. 
81 R. Rau, Papier, 1934 , 27, 903; Chem. Abs., 1935 , 29, 340. J. D. Ci.hon, Paint Marxuf., 1939, 9, 

73; Chem. Abs., 1939, 33, 4442. 
88 H. J. Stern and W. Puffclt, Inst. Rubber Ind. Trans., 1932, 8, 216; Chern. Abs., 1933, 27, 2060; 

Brit. Chem. Abs, B, 1933 . 79. 
88 L. F. Hoyt, 0»7 and Soap, 1935, 12. 48; Chem. .\hs., 1935 . 29, 2768. 
8< W. KUhn, Farben-Chem., 1934, 5, 205; Chem. Abs., 1934, 28, 5258; Brit. Chem. Abs. B, 1934 , 636. 
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reaction is essentially a test of alkali-fastness. Soap contains but little 
free alkali, unlike cheese which with increasing age and ripening develops 
substantial quantities of ammonia. But hydrogen sulphide, volatile fatty 
acids, amino-acids, lactic acid, butter fat and other materials present in 
cheese also may affect the ink. For testing, the ink is printed on paper 
and the latter is wrapped around the cheese or soap so that the ink comes 
into close contact with the alkaline material and reaction allowed to con¬ 
tinue for one to two weeks. Accelerated tests are reported as not reliable. 
Detection of arsenic in printing ink is important because of restrictions 
on its use by the Public Health authorities. Many pigments contain 
appreciable amounts of this element and should not be used for printing 
on food wrappers. Some investigators state, however, that very small 
quantities of arsenic are harmless.^^' Aluminum and magnesium can be 
identified by printing on aluminum-free paper; after drying, the paper is 
cut into strips, and the strips are boiled with hydrochloric acid (2.V). 
Afterwards the extracts are treated with aluminon for aluminum and with 
Benzopurpurine 4B for magnesium. A colored ])recii)itate in either case 
indicates the presence of the corresponding metal. 

A qualitative test for the presence of fish oil in linseed oil may be 
carried out as followsdissolve 3 drops of sample in 5 cc. of acetone, 
add 0.05 g. lithium carbonate, shake and add 10 cc. distilled water. Then 
remove any insoluble material by filtration and dilute the filtrate with 
distilled water to a volume of 100 cc. If the solution is so ck'ar that one 
can read letters through it, then the oil contains less than 20 per cent fish 
oil. The lithium soap of linolic acid formed produces a slight opales¬ 
cence which must not be confused with the insoluble suspension formed 
in the presence of fish oil. 

Testing of Pig.ments 

Earlier methods, mostly comparisons with arbitrarily chosen stand¬ 
ards, are still used. However, these procedures have been improved and 
now include the use of the Fade-Ometer, microscope and many other 
instruments. 

If pigments dispersed in a vehicle are to be investigated, they have 
to be isolated first. This may be done by treating the dispersion with a 
mixture of benzene and alcohol or other solv(‘nts and centrifuging or 
filtering. A very convenient mcdhod is extraction by means of a Soxhlet 
apparatus. After removal of the solvent these pigments can be investi¬ 
gated in the same manner as unused ones. 

«T. H. Barry, Analyst, 1927, 52, 217; Chem. Abu.. 1027, 21, 2i:i6; Brit. (lum. Ahs. B, 1027. 371. 
»«R. 8. Morrell and C. I. Smith, Analyst, 1927, 52, 339; Chrm. Abs., 1927, 21, 2747; Jirlt. Chrm. 

Abs. B, 1927, 971. 

«L. M. Larson, Inti. Eny. Chem., Anal. Ed., 1930, 2, 416; Chem. Abs., 19.30, 24, 6038; Brit. Cheni. 
Abu. B. 1931, 260. 

^ Emd Perr.s, Ber. utiqnr, pharm. Cten., 1938, 14, 183; (’hern. Abs., 1938, 32, 5645. 

.1. Wolfe, Ain. Ink .Maker, 1933. 11 (6), 9; Chem. Abs., 1933 , 27, 3625; 1934, 12 (5), 19; 
Chem. Abs., 1934, 28, 4920; Bnt. Chem. Abs. B, 1934, 589. 
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Strength. To determine the coloring strength of a pigment, it is 
usually compared with a standard pigment of the same kind. Comparison 
may be effected in the following manner: A mixing stone consisting of a 
lithographic stone or a marble or glass plate is covered with linseed oil 
and the excess then wiped off. This is done to prevent the stone from 
absorbing oil from the test sample. One-half of a gram of the pigment 
is weighed and put on the stone together with three-fourths of a gram of 
a No. 0 linseed varnish containing an appropriate amount of drier. How¬ 
ever, some pigments have a very high oil-absorption power and hence 
require a larger quantity of vehicle. Varnish and pigment are then mixed 
thoroughly by means of a inuller which is conducted over the mixture in 
long, even strokes. This is continued until the pigment is very finely 
dispersed in the vehicle. The strokes are counted, and the standard sam¬ 
ple receives as many strokes as the test sample. The ground ink must 
not contain particles large enough to be visible to the eye. Samples of 
the ink thus prei)ared are put on unsized white paj^er, and a “pulldown’^ 
is inade.®^ This pulldown is compared in appearance to one of the stand¬ 
ard sample. Of equal value is the observation on glass slides; the 
unevenness of the surface is thus avoided by looking at the back side of 
the slide. If the degree of dispersion is to be investigated more correctly, 
a sample of the ink is diluted and examined under a microscope. 

Tinctorial strength can be measured in the same manner. For this 
])urp()se the pigment is reduced in strength by mixing it with zinc oxide 
in the proportion of 1 part to 50 of the oxide. Proportions of 1:100 are 
sometimes used for testing the tinctorial strength of black pigments. 
After ineor])oration witli linseed oil, as described above, pulldowns will 
show clearly the difference in tinctorial strength between the standard 
and the test sample,^^ Other methods have been suggested, c.g., to pre¬ 
pare a standard sample of 1 g. standard white and 0.78 g. standard tint¬ 
ing material (Foam barytes 6 pts. and ultramarine 1 pt.) with 
0.50 cc. light-bodied linseed oil (acid number 1-3). This operation is 
repeated with the test sainj)le and, if necessary, oil is added to the result¬ 
ing comj)osition until the color of the latter matches that of the stand¬ 
ard.^- The Hunter reflectometer may be used to advantage in making 
these measurements.^''^ It has been recommended that as a tentative 
standard for white pigments there be used the finest grade of lampblack 
ground with (i parts of precipitated calcium carbonate and bleached lin¬ 
seed oil to produce jiastes of about 20 i>er cent light reflection.®^ Munk ® * 

A pulldown is nuulo in tlu- following; nianiior: A .small amount of the ink is placed on paper 
and is spread over it with a fa.st stroke of a .special knife. The thickness of the film thus formed 
flependa on the stress applied. 

See al.so Am. Ink Maker, 1938, 16 ( 9), 55. 
»‘’C. E. Reynolds, Am. Ink Maker, 1936, 14 (11). 21: Chem. Abu., 1937, 31, 7266. 

F. Scofield and 1^. P. Hart, Sei. Sect. Nat. Patnt, Varnish Assor., Mar. 1938. Cire. 549, 17; 
R. S. Hunter, Tech. Assoc. Papers, 1935, 18, 405; Paper Trade 1935. 100 (26), 37; Chem. Ahs., 
1935, 29, 7642. Nat. Paint, Varnish d* Lacquer Assoc. C^rc., 1935, 480, 268. V. S. P. 1,988,556, Jan. 22, 
1935. to H. A. Gardner; Chem. Ahs., 1935 , 29, 1294. 

Cf*mmittee on Preservative Coatings, Brooklyn, N. Y., British Ind. Fin., 1932, 3 (26), 41; Chem. 
Ahs., 1932. 26, 4391. 

»»F. Munk, Z. ang. Chem., 1929, 42, 737; Chem. .\bs., 1929, 23, 4833; Brit. Chem. .Abs. B, 1929, 690. 
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states that much time and care are required to determine coloring power 
and tinting strength with adequate accuracy. Skilled operators can come 
as close as =^2 per cent, although errors up to 30 per cent are not uncom¬ 
mon. However, coloring power is not proportional to tinting strength, 
and it is doubtful if the former case be taken as even an approximate 
value for the latter. According to Bruce tinting strength can be deter¬ 
mined by drawing spectral reflection curves and by calculating the bright¬ 
ness. Logarithmic relationship is indicated (for mixtures of low pigment 
content) between pigment concentration and both purity and brightness. 
Easier is the determination of tinting strength by means of the trichro¬ 
matic system of color analysis using the Guild Colorimeter, as described 
by Allen.®^ “Printing strength’’ is defined as a relative value indicating 
how much ink is required to give an e(jual depth of tint to a definite 
amount of white ink as compared with the same amount of a standard 
ink of the same consistenc}''; ?.c., printing strength is deduced from the 
relative tinting strength of the ink when mixed with a standard white 
ink. 

Carbon blacks and lampblacks are tested similarly by mixing them 
with white pigments and comparing the resulting gray shade with 
standards.^^ 

Tinctorial strength and color intensity of Prussian Blue are not easily 
determined by the usual methods. As one method, it has been suggested 
to dilute the blue with aqueous oxalic acid and to shake the mixture with 
a determined amount of white pigment until the blue is completely hidden 
by the white pigment. After filtering and drying, the paste is ground 
into a varnish and the tinctorial strength determined as mentioned 
above.^®^ 

All these comparisons, as discussed here, are subject, of course, to the 
human eye, and different observers will often find different results. 
Many a method and apparatus have been invented for exact color mea¬ 
surements, and these are able to distinguish the finest shades and hues. 
Tinting strength of carbon blacks appears to be lower than the respective 
color strength, according to observations made with the nigrometer.^®- 

Color Measurement. The desire to have correct measurements for 
colors, hues and sliades is an old one. Standardization is necessary for 
this purpose. Each industry usually has some specific method of color 

H. D. Bruce, Bur. of Standar(l,s, lies. Paper, 1928, 7; Chem. Abs., 1929, 23, 291; Bnt. Chem. 
.t/M. B, 1929, 64. 

^ K. R. Allen, Off. Dip.. 1931, 104, 409. 
««S. L. Karpeles, Am. Ink Maker, 1936, 14 (3), 15; Chem. Abt^.. 1937, 31, 6035; Bnt. Chem. 

Abs. B, 1938, 1217. 
» Am. Ink Maker. 1932, 10 (5), 11. T. Hamburner. Chem.-Ztg., 1931, 55, 962; Chem. Abs.. 1932, 

26, 1457; Brit. Chem. Abs. B, 1932, 271. For coloring Btrenpeth of carbon blacks see also Carleton 
Ellin, "The Chemistry of Petroleum Derivatives," Vol, 1, New York, The Chemical Catalog Co. 
(ReinhoUl Publishing Corp.), 1934, 250, 252. G. L. Roberts, Am. Ink Maker, 1938, 16 (3), 18; Rev. 
Pamt, Colour. Varnish, 1938, 11, 172. 

»«>G. Zerr. Farbe u. Lack, 1932 , 53, 640; Chem. Abs.. 1933. 27, 1525; Bnt. Chem. Abs. B, 1933, 157. 
»oiW. O’D. Pierce, J. OU Col. Chem. Assoc.. 1931, 14, 90; Chem. Abs., 1931, 25, 3179. 

W. B. Wiegand and J. W. Snyder, Ind. Eng. Chem., 1934 , 26, 413; also Paint ManuJ., 1934, 4, 
156; Chem. Abs., 1934, 28, 3531; Brit. Chem. Abs. B, 1934, 485. 
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measurement, conditions varyiog with the material employed. For 
instance, in the petroleum industry color of lubricating oil is frequently 
given in terms of Robinson units and that of gasoline or kerosene in 
Saybolt units. 

As early as 1886 Lovibond had developed means for measuring 
intensity of colors in transparent bodies, and soon afterwards his well 
known ‘Tintometer” became available.The latter is a color-measuring 
device by means of which the depth of colors may be investigated in 
degrees, consisting of a standard scale made of numbered colored glasses. 
Tliese tintometers are still in use, although a large number of newer 
methods and apparatus have been invented. Many of them are of groat 
value to the printing ink chemist. 

FifiURE 89A. 

Sphere Reflectometer. 

Courtesy (\trl Zeiss, Inr. 

Ostwald’s well-known color system lias been thoroughly investigated, 
and its validity and application to the industry have been described 
extensively by Kruger and by Cunliffe and Lambert.^®^ This color 
system is subdivided into twenty-four chief members differing in hue, and 
these are arranged in a circle that constitutes the common base of two 
cones representing mixtures of the pure hue with black and white, respec¬ 
tively.^®^ All colors have a black content which for blue, green, yellow 
and other hues is reported to be about half the Ostwald color circle.^®® 
Klughardt and Richter^'® stress the limits of validity, particularly psy- 

TnR Manual, C. J. Tanliabue Mfn. Co., Ilrooklyn, New York, 1930. 
W. Lovibond, British P. 12,867. 1886; J.S.C.l., 1887, 6, 522. 

lO'J. W. Lovibond, J, Dyers & CoL, 1887, 186; J.S.C.I., 1887, 6, 628. 
F. A. O. Kruger, Paint, Var. Prod. Mqr., 1934. 11 (5), 10; Rev. Paint, Colour. Varnis/i, 1934 , 7, 

495; Farben-Ztg., 1927, 32, 682; Chein. Abs., 1927, 21, 1034; Z. Ver. deut. Ing., 1929, 73, 465; Chem. 
Abs., 1929, 23, 3609. 

107 p. VV". Cunliffe and P. N. Lambert, J. Soc. Dyers Col., 1930, 46, 297; Chem. Abs., 1930, 24, 
6024; Brit. Chem. Abs. B, 1931, 670. 

F. Scholefield, J. Soc. Dyers Col., 1930, 46, 5; Chem. Abs., 1930, 24, 3408; Brit. Chem. Abs. B, 
1930 222. 

iwp. J. M. Preston, OU Col. Trades J., 1933 , 83, 101. R. Fischer, Z. Angew. Chem., 1920 , 33, 
299; Chem. Abs., 1921, 15, 1080. 

A. Klughardt and M, Richter, Farben-Chem., 1932, 3, 205; Chem. Abs., 1933 , 27, 638. 
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Courtesy General Electric Co. 

Figukp: 89B. Gonoral IClectric Rc'coriliiiK Pholoelociric Spc'ctrophotoineter. 

chological effects involved in color perception. The Ostwald color scheme 
was accepted by the German Committee on Standardization for color 
tones in printing inks as early as 1922.'^^ Baker and others have estab¬ 
lished a set of standards for the Netherlands.^Other supporters of 
color standardization recommend Munsell’s Book of Color.’’- Although 
some investigators consider color standardization highly problematical,”’’ 
they recommend it nevertheless. Standardization of [)rinting inks means 
really standardization of their pigments, according to Anstead.’” How¬ 
ever, in order to obtain standards for printing inks, not only their color is 
to be borne in mind, but also the relation to paper,”*'’ and also light¬ 
fastness, water resistance, acid and alkali resistance, heat,”® hiding 
power,overtone and undertone,”^ which properties will bo discussed 
later in this chapter. 

In addition to the two prevailing methods of color determination, 
namely, by dominant wave-length and by the percentage of the red, green 
and blue components in the matching mixture, Rosch describes a third 
method based upon the i)rinciplc that every light may be matched in 
color and intensity by a continuous i)art of the spectrum of equal intensity 

in Co/or Trade J., 1922, 11, 114; Chevi. Ahs., 1923, 17, 476. 
ni* G. I. Baker, ct al., Verfkroniek, 1936 , 9, 256; Chem. Abs., 1936, 30, 7851. 
nap. B. Millar, Ind. Fin., 1931, 7 (4), 18. E. W. Melson, Paint, Oil, Chem. Rev., 1934, 96 (20), 12. 
nap. A. Wertz, /. Oil Col. Chem. Ass., 1928, 11, 180; also Am. Paint Var. Mfgs. Circ., 1928, 

341, 874; Chem. Ahs., 1929, 23, 1290. 
n4T. W. Anstead, Print. Industries (A. S. M. E. Trans.), 1928, 50, 1; Chem. Abs., 1929, 23, 4087; 

also Modem Lithographer Offs. Printer, 1929, 25, 70. 
1“* G. Rubencamp, Farben-Ztg., 1929, 34, 2883. 
^**0. Sanberlich, Farben-Ztg., 1922, 27, 2624; Chem. Abs., 1922, 16, 3403. 
m H. Hadert, Farben-Chem., 1932, 3, 248; Chem. Abs., 1932, 26, 5438. 
n»A. B. Portman, Am. Ink Maker, 1931, 9 (5), 35; Chem. Abs., 1931, 25, 3851. Am. Ink Maker, 

1932, 10 (6), 11; 10 (7), 17; Chem. Ahs., 1932 , 26, 4483. 
n»S. Rosch, Physikal Z., 1928, 29, 83; Sr/. Abs., 1928, 31, 1219. 



TESTING 463 

throughout, or by an equal intensity spectrum from which a continuous 
part has been removed. In the latter case, the wave-lengths of the ends 
of the removed parts give two parameters for the determination of the 
color. These two parameters furnish a complete description of color 
and intensity together with the value of the spectral intensity. Rosch 
describes the practical application of this method and also an instrument 
which may be employed. 

A great many optical measurements for color and tinting strength 
have been suggested. The Zeiss-Pulfrich step-photometer, used for 
finished inks, as described by Bekk,^-^ is also advocated for color match¬ 
ing.The T. C. B. photo-colorimeter uses the light reflection measured 
by means of a photoelectric cell and recorded by a galvanometer.^-- The 
“colorscope’' acts in a similar way in recording the radiation of 
pigments.Also several other automatic color analyzers have been 
])roposed for this purpose.One of these devices is portable and is 
reported to record automatically.^-'’* Another records photographically.^-^ 
Slight modifications, e.g., special filters, are necessary for the determina¬ 
tion of white colors in order to obviate difficulties in obtaining standard 
scales of whiteness. B’itli these pigments, too, the Pulfrich photometer 
is useful.The l)lancometer measures nearly white colors, employing 
a photoelectric cell the response of which is measured by an electrom¬ 
eter.^-^ Munk and WeigP-^ suggest their method of testing white pig¬ 
ments as standard. They measure brightness, color, tone and covering 
power by trichromatic photometry and employ a calibrated ^diollow cone 
multiplicator” in order to overcome errors in comparing the standard 
surface with that of a powdered pigment. 

For the measurement of ‘‘blackness,” the nigrometer is recommended, 
being based on the principle of the photometer.General outlines on 
the application of tricliromatic colorimetry for pigments are given bv 
Tilleard. 

X-ray examinations of pigments have been made for the purpose of 
investigating coloring and covering power, and also light-fastness. 

Bekk, Am. Ink Maker, 1932, 10 (4). 31; Rev. Paint, Colour, Varnish, 1932, 5, 177; Chem. 
Ahs., 1932, 26, 5438. 

W. Van Wiillon-Scliolten, Farhen-Ztq., 1930, 35, 1824; Chem, Ahs., 1931, 25, 2579; Brit. Chem. 
Ahs. B, 1930, 827. 

'-JJ. Pinto, Itev. (icn. Mat. Plast., 1928. 4, 323; also Tihn, 1927, 5, 955; Clam. Ah.s., 1927, 21, 3492. 
H. n. Sliohlon, Paint, Var. Prod. Mijr., 1930. 36 (7), 18; Chem. Ahs., 1930, 24, 5596. 
rV/rm. Aoc, 1932 . 27, 365. So<> .al.-^o I). K. Donovan, Paper hid., 1936, 17, 663. Carl E. Fos.s, 

y. Opt. Sor. Am., 1938, 28, 386; A. C. Hardy, J. Opt. Soc. Am., 1935, 25, 305. 
Ilazok and P. .J. Miildor, J. Opt. Soc. Am., 1930, 20, 155; akso U. S. P. 1,964.365, June 26, 

1934; Chem. Ahs., 1934, 28, 4947. Bnti.sh P. 349,565, 1929; Brit. Chem. .\hs. B, 1931, 726. 

Paint Col. Record, 1931, 1 (1), 17. 
F. A. O. Kruger, Farhen-Chem., 1931, 2, 559. E. Becker, Farhen-Chem., 1932, 2, 533 ; 3, 11; 

Chem. Ahs., 1932, 26, 2068. 
B. Charters, J. Soc. Dyers Col., 1932, 48 (6), 160; Chem. Ahs., 1932, 26, 2331; Brit. Chem. 

Ahs. B, 1932, 314, 713. 
Munk and A. Weigl, Z. any. Chem., 1931, 44, 941; Chcfn. Abs., 1932, 26, 1139; Brit. Chem. 

Ahs. B, 1932, 117. 
Lahorntory, 1929, 2, 21. 

n. L. Tilleard, J. Od Co/. Chem. Ass., 1937, 20, 151; Chem. Ahs., 1937, 31, 7267. 
A. Fonlon, Farbe u. Lack, 1932, 37 (3), 33. 
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Miiller-Skjold made an extensive study of numerous types of pigments 
with respect to their behavior toward x-rays in order to answer the ques¬ 
tion whether this method has any deleterious effects. They found that 
only pigments containing white lead are darkened to a very slight extent 
on prolonged exposure (48 hours) to the rays. 

Particle Size. Covering and coloring power, and also light-fastness 
(which property will be discussed later in this chapter) are closely 
related to the particle size of the pigment. In earlier years, printing ink 
makers simply rubbed the ink between the fingers to find out whether 
the pigment was ground finely enough. It is unnecessary to say that 
this crude method could not always give satisfactory results. To secure 
a good knowledge of particle fineness, the use of a microscope is compul- 
sory.^^^ One method consists in projection of the microscopic image on a 
screen where the particles can be measured and classified.^^® By means 
of an ultramicroscope the average particle size of different brands of 
carbon black has been found to be 0.061 to 2.22 /x and for zinc pigments 
to be 0.076 to 0.57 A Chinese black ink consisting of an aqueous 
suspension of sumi, which is a vegetable oil lampblack, is reported to 
have a particle size of less than 1 /x and to average 0.12 The results 
of the ultramicroscopic investigation have been used for calibrating a 
turbidimeter. Turbidities of suspensions of pigments vary with average 
particle size, concentration and wave-length of the light used and may be 
also employed for the measurement of particle fineness.^^® 

Particle size, structure and optical properties of zinc whites have been 
determined with the microscope and the polariscope.^^® A variety of black 
pigments also have been examined microscopically for their particle 
sizes.^^® By using microscopic photography for carbon blacks, Hadert 
found that addition of certain aniline dyes to black printing inks causes 
hazy reproductions.^^^ 

Light-Fastness. Many printing inks tend to fade in the course of 
time. This property depends on the pigment, the structure of which is 
largely responsible for its stability. While inorganic pigments, except 
Ultramarines, usually are resistant to light, dye pigments often do not 
stand prolonged exposure because of their tendency to turn into the more 

MUlIer-Skjold, Z. ang. Chem., 1939, 49, 161; 1937, 50, 321; Chcm. Abs., 1936, 30, 3665; 1937, 
31, 6033. 

^^Farbe u. Lack, 1933, 44, 527. 
1®® E. J. Dunn, Jr., Ind. Eng. Chem,, Anal. Ed., 1930, 2, 59; Chem. Abs., 1930 , 24, 1554; Brit. 

Chem. Abs. B, 1930. 613. 
S. D. Qehman and T. C. Morris, Ind. Eng. Chem., Anal. Ed., 1932, 4, 157; Chem, A6«., 

1932, 26, 3122; Brit. Chem. Abs. B, 1932, 613. 
137 1. T. Terada, R. Yamamoto and T. Watanabe, Sci. Papers Inst. Phys. and Chem. Res. (Tokyo), 

1934, 23, 173; Chem. Abs., 1934, 28, 2924; Brit. Chem. Abs. B, 1934, 370. 

^ S. D. Gehman and T. C. Morris, loc. cit. 

W. Taute, Farbe u. Lack, 1932, 37, 57; Chem. Abs., 1932, 26, 2331; Brit. Chem. Abs. B, 1932, 314. 
H. Wagner and Q. Hoffman, Farhen-Ztg., 1934, 39, 649; Brit. Chem. Abs. B« 1934, 636. 

1" H. Hadert, Farbe u. Lack, 1928, 33, 118. 
For additional discussions on measurements of particle size, see L. T. Work, New Intern. Ass. 

lor Testg. Materials, Zurich, 1931; BuUd. Sci. Abs., 1931, 4, 356; Chem. Abs., 1932, 26, 2629; Brit. 
Chem. Abs. B, 1931, 950. 
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stable leuco This may be influenced by the position of the lake- 
forming group within the molecule, the precipitating agent or the type 
of substrate used. Other factors influencing the stability are the atmos¬ 
pheric conditions, particularly humidity.Probably the first thorough 
investigations were made by Lovibond,^^® who exposed printing inks and 
other colored materials to different conditions, such as north and south 
daylight and north daylight in an artificial damp atmosphere. He classi¬ 
fies colors into (1) those which are stable, (2) those which increase in 
density after exposure, (3) those which fade partly while the density of 
the vehicle increases, and (4) those which fade entirely. A similar 
division for printing inks is given by Krais and has been extended by 
Hartmann.^^^ Standardization of samples of lakes exposed to sunlight 
by comparison with a lake of known fastness, e,g., eosin or Victoria Blue, 
is said to be unsuccessful. The same holds true for the use of photo¬ 
graphic actinometers or of chemical solutions susceptible to radiation, 
since none of these methods seems to measure the specific destructive 
action on any particular lake.^'*® However, other workers report satis¬ 
factory results with Victoria Blue B as the standard to be compared with 
other materials exposed to sunlight.^^® 

Fading occurs only after a long period of time, and tests are acceler¬ 
ated by using artificial light sources of several types. A 750-watt tung¬ 
sten lamp, the light of which is concentrated by use of a lens and several 
filters, is considered to have an action fifty times as fast as daylight.'®*^ 
Muller discusses lightproof inks. Testing by sunlight and ultraviolet are 
compared. Causes of fading of printed matter and the methods of pre¬ 
venting fading are given.Carbon arc lamps also serve as light sources 
for fading tests. Exposure of colors to them for 2^ hours is reported 
equivalent to 6 hours^ exposure to sunlight between 9 A.M. and 3 P.M. 
during summer and autumn at Washington, D. The time for these 
tests can be reduced, according to Arend,^®^ by thinning the ink with thin 
litho varnish. Apparatus have been constructed maintaining definite 
humidity and temperature,^®^ Ultraviolet light as provided by a mercury 
lamp is said to be inferior to the carbon arc lamp, although quicker in 
action, because of the decreasing activity of the former in the course of 
time.^®^ A convenient instrument, much used now, is the Fade-Ometer 

**»J. L. Deeney, Am. Ink Maker, 1933, 11 (2), 9; (3), 13; Chem. Aba., 1933 , 27, 6557. 
H. Rein, Z. ang. Chem., 1934, 47, 157; Chem. Aba., 1934, 28, 3235; Brit. Chem. Aba. B, 1934, 444. 

J. W. Lovibond, J. 8. C. I., 1905 , 24, 202. 
P. Krais, Z. ang. Chem., 1917, 30, 298. 

i«M. Hartmann, Farben-Ztg., 1923, 28, 558; Chem. Aba., 1923, 17, 1339. 

J. Stem, /. OU Col. Chem. Aaa., 1930, 13, 184; Chem. Aba., 1930, 24, 5170; Brit. Chem. 
Aba. B, 1930, 957. 

Krais, KoUoid-Z., 1930, 52, 173; Chem. Aba., 1930, 24, 5162; Brit. Chem. Aba. A, 1930, 1260. 

u«C. A. L. De Bruyn, Verfkraniek, 1934, 7, 309; Brit. Chem. Aba. B, 1935, 1. 

^K. A. Muller, Druek-u. Werbek, 1939, 2, 44; Rev. Paint, Colour, Vamiah, 1939, 12, 180. 
^W. D. Appel and R. F. Reed, Bureau of Standarda J. Reaearch, 1929, 3, 859; Chem. Aba., 1930, 

24, 1520; Brit. Chem. Aba. B, 1929, 1046. See also Lith. Tech. Foundation, Rea. Series 4. 
“>A. G. Arend, Proc. Bngr. Mthly., 1937, 44, 178; Chem. Aba., 1937, 31, 8221. 

British P. 890,731, 1933, to Ontario Research Found.; Chem. Aba., 1933, 27, 5552; Brit. Chem. 
Aha. B, 1933, i58. R. O. Hall, U. 8. P. 1,960,606, Aug. 7, 1934, to Ontario Res. Found.; Chem. Aba., 
1934, 28, 63^; Brit. Chem. Aba. B, 1935, 533. 

^H. Rein, Z. ang. Chem., 1934, 47, 157; Chem. Aba., 1934, 28, 3235; Brit. Chem. Aba. B, 1984, 444. 
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Figures 90 and 91. 

Fade-Oraeter, Showing Results Se¬ 

cured. At Top, a Very Fugitive Color. 

At Bottom, a Fairly Permanent Color. 

Courtesy Atlas Electric Devices Co, 
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(see Figure 90). It provides constant humidity and temperature and has 
an intensive action. Fifty hours of exposure to it are equivalent to 
thirty days of daylight.^®^ An example of a test secured with the Fade- 
Ometer is illustrated in Figure 91. It has been stated that light-fastness 
depends to a certain extent also upon the printing ink vehicle, and it is 
advisable to subject this, too, to fading tests.^®® 

Wettability and Absorption. In grinding pigments into vehicles one 
will observe that some pigments are easily dispersed while others show 
much resistance. This phenomenon is known as the wettability” of the 
pigment. According to De Waele the dispersion of one phase s in 
another I is dependent upon the interfacial tension. The relation between 
the surface tensions of the various phases and the change in free energy 
may be represented by the formula 

T,-Ti-Tu = E, 0 or -jB 

E is the change in energy per unit of surface and T the surface tension. 
If E is positive, the particles repel one another, being surrounded by a 
polymolecular layer of the dispersing agent. If £ = 0, the layer is only 
in loose contact with the particle, and if is negative, the particles 
attract one another, having no layer surrounding them. Usually the 
interfacial tension acts on the boundaries of the layer surrounding the 
particles, and the molecules of the free continuous phase are oriented to 
the interphase. However, on tangential shear, i.e., while grinding, this 
transverse orientation is changed to a direction tangential to the surface 
of the particles varying according to the applied stress. This is true 
physical wetting in contrast to some other phenomena to which this term 
sometimes is erroneously applied.*^® Aggregates of pigments are broken 
down during whetting, and each pigment molecule becomes surrounded 
with a layer of the liquid.^-'’® There is close relation between wettability 
of a pigment and its oil absorption. Wetting can be facilitated and oil 
absorption reduced by adding a small percentage of fatty acids, aluminum 
stearate or other modifying agents as outlined in Chapter 5. Heats of 
absorption and wetting of zinc oxide have been investigated by Ewing.^®^ 
He states that heat of absorption is directly proportional to the surface 
of the pigments and not related to their particle size.^^^ Oil absorp- 

W. Jameson, Am, Ink Maker, 1932, 10 (12), 13; Chem. Aba., 1933, 27, 2589. R. Lonchart, 
Papier, 1936, 39, 129; Chem, Abi., 1936, 30, 3642. Cf, Jnd. Eng, Chem., News Ed„ 1932, 10 (11), 
154; A. Grunder, Am. Preaaman, Dec., 1937, 35. 

^ M. Hartmann and R. Rau, Farben-Ztg., 1936, 41, 1010. For a review on testing methods of 
light-fastness, see.H. Sommer, Mitt, deutsch, Materialprujg$. anat., 1934, Sonderheft, 24, 11; VerJ- 
kroniek, 1934, 7, 309; Chem. Aba., 1934, 28, 5243. 

^ A. De Waele, J. A. C. 8., 1926, 48, 2760; Chem. Aba., 1927, 21, 845; Brit. Chem. Aba. A, 1927, 16. 

««L. W. Shuger, Nat, Paint BuU., 1937, 1 (11), 14; 1938, 2 (1), 19. 
«®J. C. Smith, Paint Man., 1935, 5 (2), 37 ; 5 (3), W. 
«0W. Van WQllen-Scholten, Farben-Chem., 1932, 3,(3), 91; 3 (i), 130; Chem. Aba., 1932, 26, 

3123; Brit. Chem. Aba. B, 1932, 618. 
iSiW. W. Ewing, Ind. Eng. Chem., 1931, 23, 427; Chem. Aha., 1931, 25, 2616; Brit. Chem. Aba. A, 

1931, 559. 
For discussions on methods of determining oil absorption see I. Tiaube, Z. ang. Chem., 1931, 

44, 7Z; Chem. Aba., 1931, 25, 2616; Brit. Chem. Aba. B, 1931, 277. G. Tioger, Farbc u. Lack, 1933, 40; 
Chem. Aba., 1933, 27, 1771. 
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tion of carbon black is particularly high. It can be determined by mea¬ 
suring the volume of vehicle absorbed by a known quantity of pigment 
and thereby giving a paste of a definite viscosity as compared with a 
standard sample.^®*"^ The ^^oil absorption” is expressed as the weight in 
grams of oil per 100 gm. of pigment required to secure such a paste. 

With fluffy pigments of high oil absorption value and heavier-bodied 
litho varnishes such as are used in the printing ink industry, another 
method is to grind a known weight of pigment into a known weight 
of varnish and compare the results with those obtained with the standard 
pigment which has received identical treatment. The influence of carbon 
black on the fluidity and viscosity of an ink has been the subject 
of investigations, and it lias been found that change in concentration of 
the pigment alters the viscosity widely, wdiile influence on the fluidity is 
somewhat smaller. 

Determination of Moisture. Moisture is determined quantitatively 
cither by drying the material in an oven or by refluxing it with xylol. In 
the latter instance it is desirable to use a special calibrated device which 
collects the water and facilitates direct determination of its amount. 
A special method for carbon black consists in heating it with xylol and 
mineral oil to 150-175° C. in a current of nitrogen. The distillate is then 
heated on a water bath and the vapor passed through vessels packed with 
calcium chloride. Finally nitrogen is passed through in order to remove 
xylol until constant weight is secured. This method is reported to indi¬ 
cate higher moisture contents than arc found by drying for five hours 
at 105° 

Miscellaneous Tests. Bleeding tests are made to determine the resis¬ 
tance of pigments to such materials as water,alcohol or other organic 
solvents, oil, and synthetic, natural or paraffin wax, depending on the 
purpose intended for the ink. To test an ink, unsized white paper is 
partly covered with it, and, after drying, a drop of the liquid is allowed 
to fall on the surface so that it (the liquid) partly covers the printed 
area. If the imprinted paper acquires the color of the pigment, the latter 
is soluble in the material. It is also possible to put strips of the printed 
paper in test tubes filled with the liquid. Wax and paraffin are heated 
to a liquid state for testing. 

F. Cranor nnrl T.. .T. Vonuto, Am. Ink Maker, 1932, 10 (12), 17; Chem. Ahs., 1933 , 27, 2589. 

A. S. T. M. Standards, D281-31, American Society for Testing Materials, Philadelphia, 1933, 
Part 11. 561. 

Am. Ink Maker, 1938, 16 (9), 55. 
i«i P. W. Kearslev and G. L. Roberts, Ind. Eng. Chem., Anal. Ed., 1931, 3, 310; Chem. Abs., 

1931, 25, 5302; Brit. Chem. B, 1931, 851. 
M. P. Volarovich and V. S. Borinevich, KoUoid-Z., 1936 , 77, 93; Chetn. Abfi., 1937, 31, 560; 

Brit. Chem. .Abn. B, 1936, 1217. 
M. Carson, Ind. Eng. Chem., .Anal. Ed., 1929, 1, 225; Chem. Abs.. 1929, 23, 5438; Brit. 

Chem. Abs. B, 1929, 1003. 
Methods of testing cjirbon black are also describe<l by Anchor Chem. Co., Ltd., Brochure No. 2, 

1933; Rubber. Res. Abs., 1935, 13, 79. 
Especially tine pigments tend to bleed as described by R. Schwarz, Farbc u. Lack, 1934 , 342. 
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Resistance of pigments to acids, alkalies and heat also are deter¬ 
mined; in the last-named instance a temperature of about 270° F. is 
recommended. 

Settling of pigments can be determined by accelerated tests.^'^^ These 
involve observing the rate of penetration through a body of ink by a steel 
ball attached to the end of a rod to which pressure is applied. The pres¬ 
sure is increased as the ball travels downward through the ink. Figure 
92 is a diagram of a recording penetrometer. In Figure 93 are repre¬ 
sented penetrometer graphs of equivalent mathematical value, each of 
which represents a different type of settling. 

Analyses of mineral pigments are accomplished by determination of 
their specific chemical properties.'^'' For instance, for the detection of 
white lead, employment of a 10-per cent solution of sodium sulphide is 
recommended by Schlegel.'"^ If lead is present, the pigment will turn 
black due to the formation of lead sulphide. 

Many procedures are available for indicating the presence of the 
various types of dyes. For example, a precipitating agent for acid dyes 

Ink Maker, 1938, 16 (9), 55. 
Werthan, R. H. Wien and E. A. Fatzinger, Ind. Eng. Chem., 1933 , 25, 1288; Chem. Abs., 

1934, 28, 347; Brit. Chem. Abs. B, 1934, 27. 
Wilson, Ind. Min. Rocks, 1937, 493; Chem. Zentr., 1938, 109 (I), 1465. 

iwO. H. Schlegel, Chem.-Ztg., 1908 , 32, 608; Chem. Abs., 1908, 2, 2630. 

Figure 92. Diagram of Recording Penetrometer (S. Werthan, 
R. H. Wien, and E. A. Fatzinger). 
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Courtesy Industrial and Engineering Chemistry 

Figure 93. Ponetromoter Graphs of Equivalent Mathematicftl 
Value, hut Representing Radically Different Types of Set¬ 
tling (S. Werthan, R. H. Wien, and E. A. Fatzinger). 

is a product known as ^'Solidogon,” which can be applied to the detection 
of such dyes in printing inks.*^^ Separation of substrate from dye is 
sometimes necessary in analyzing lakes.’^^'^ Sulphated oils employed for 
printing inks may contain free water, oil or sulphuric acid or other 
undesirable constituents. A qualitative test is accomplished by acidifi¬ 
cation of 4 g. of the oil with acetic acid, followed by addition of 40 cc. of 
absolute alcohol. After filtering, the filtrate is diluted with 50 cc. of 
water and refluxed with 50 cc. of concentrated hydrochloric acid until the 
mixture becomes clear. After cooling, the latter then separates into two 
layers, and the aqueous layer may be tested for sulphuric acid. The 
oil layer can be neutralized, treated with a fusion mixture and the result¬ 
ing mass tested for sulphates.^^^ 

Sulphonic acids may be detected by means of pyridine.^"^® These acids 
condense with pyridine to yield products which, on hydrolysis with alkah 
and condensation with an aromatic amine, give colored compounds. 
Chlorinated compounds interfere with this test, however. 

^'»E. Ullrich, Spinner tt- Weber, 1934, 52 (41), 8; Chrm. Abs., 1935, 29, 8337. 
'WA. G. Groen, /. Oil Col. Chem. Ass., 1928, 11, 38; Chetn. Abs.. 1928 , 22, 3539; Brit. Chew. 

Abs. B, 1928, 647. 
'T7 D. Burton and G. F. B<»l>erhshnw, J. Sof. Leather Chrm., 1931. 15, 308 ; Oil, C<>f- 7 rnde.< 

1931, 80, 88; Chem. Abs., 1931, 25, 5782; Brit. Chrm. .\bs. B, 1931, 935. 
‘78H. Ffcytnjr, Z. anal. Chem., 1938, 111, 385; Analyst, 1938, 63 (745), 290. 



Chapter 18 

Paper for Printing 

A consideration of the various properties of paper surfaces, hereto¬ 
fore mentioned only incidentally in connection with special types of inks 
and unusual surfaces, such as glassine, is necessary to comprehend com¬ 
pletely the action of inks when used in printing. Obviously, any ink 
cannot be used with all types of paper, whether it be soft and absorbent, 
such as blotting paper (to cite an example of one extreme), or hard and 
heavily coated, such as a super-sized bond or ledger paper (to illustrate 
the other extreme of absorptivity). Not only the type of paper, but also 
the speed of the printing operation must be taken into account. 

Many different varieties of paper arc available, such as newsprint, 
calendered, supercalendercd, sized, heavily loaded, and lithographic. 
Newsprint, for example, is very loosely and openly fibered, and an ink 
that is applicable on such paper may be very liquid because it can be 
absorbed readily and does not need to dry by the usual oxidation and 
polymerization reactions. It must be easily absorbed because of the speed 
at which newspapers are printed. An ink for calendered or super- 
calendered stock must be rather viscous and tacky, so it will not offset 
before it has had a chance to dry. It cannot penetrate to any great 
degree because of the compressed state in which the fibers lie. The 
calendering process consists of passing the still wet paper between hot 
rollers at great pressure to form a smooth, hard surface on the sheet. 
This pressure flattens out the fibers and fills up all the interstices which 
naturally occur as the paper is made. On the printing of such surfaces, 
and more especially when heavily-sized paper is used, a considerable 
amount of drier must be added to the ink to accelerate its oxidation. 
A more complete discussion of each type of paper will be found later in 
this chapter. 

Paper to be used in printing must be carefully freed of all injurious 
residues which might affect the color, durability and other qualities of 
the ink. Among the undesirable residues are sulphur and its compounds, 
acids, such as sulphuric, alkalies, bleach residues, such as hypochlorites, 
organic deposits from the wood pulp, and excess alum. 

Some of the physical properties of the paper are also important when 
they affect the printability and durability of the sheet. Its opacity must 
be considered when the material is to be printed on both sides; tensile 
strength and resistance to changes in size due to humidity are important 
when multicolor printing is to be done, to insure perfect register. The 

472 
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Courtesy Pfaltz <t Bauer, Inc. 
Courtesy Campbell -Lampee, Inc. 

Figure 94. Reflectometer. 

thickness variation and smoothness of the paper are important factors 
aiding in the production of a good-looking piece of work. If the paper 
were to be thinner in one place than in another, the type would not make 
the same impression in different parts, and the result would be a light 
register in one area and an over-heavy impression in another. In half¬ 
tone ^ printing especially, the smoothness of the surface determines the 
appearance of the finished product: whether it be clear and well printed, 
or mottled and cloudy in appearance. 

Much experimentation has been done in the field of paper-making 
with a view to the improvement of the paper so as to aid in the per¬ 
fection of printed matter, insofar as it can be affected by change in paper 
quality. Many instruments have been devised to test paper quantita¬ 
tively for such qualities as opacity, oil absorption, smoothness, folding 
resistance, dusting, picking and softness. Many of the tests and the 

’ Sec Chapter 1. 
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instruments for making them have been the result of the work of 
Julius Bekk, a prolific worker in this field of the relationships of paper 
and ink. He has also done much research on the improvement of the 
printing qualities of ink.^ 

The color of the paper has a pronounced effect upon the appearance 
of the ink when printed. A gray or muddy-colored stock will change the 
color of an ink, especially a light-colored one, and even an opaque ink. 
A neutral-colored paper should be used, therefore, as nearly as possible 
a pure white.® 

An excess of filler in paper, while serving the purpose of evening the 
texture, is objectionable for two reasons. First, it tends to weaken the 
structure of the paper, and, second, it decreases the absorptive power 
of the sheet for the vehicles used in printing inks. Another factor affect¬ 
ing the permeability of the paper is the composition and quality of the 
sizing used. The paper must contain some sizing, otherwise it would be 
soft and absorbent like filter or blotting paper, but when a heavy sizing 
is applied, especially a mineral size, the permeability is reduced almost 
to zero. A gelatin size is almost non-absorptive. A rosin coating 
increases the penetration of oil, which is one of the principal binder 
constituents of ink. As mentioned above, the degree of calendering has 
a strong influence upon the rate at which the ink will be absorbed into 
the texture of the paper. The complete absence of calendering would 
leave the paper too rough to effect a good printing, but the other extreme, 
that of a high calender, decreases the absorption to such a degree that 
a quick-drying ink must be used, such as the type required for ceramic 
and metallic surfaces. Therefore, the optimum amount of calendering 
seems to be somewhere in between, where the surface is sufficiently 
smooth for good impression and absorptive enough to insure good work¬ 
ing qualities. 

The presence of some interfibrous spaces is desirable in order to 
obtain more area upon which the ink can spread, and also to include some 
air in the paper to effect a quicker drying of the ink. Thus, when a 
paper has considerable filler included in it, the appearance and opacity 
are greatly improved, but the absorptivity and affinity for ink, as well 
as the drying rate of the ink used on it, are decreased. In a like manner, 
the surface of the paper has disadvantages when either completely 
uncalendered and unsized or when highly calendered and covered with 
a thick layer of sizing. As mentioned above, the surface when untreated 
is too uneven for register, but when highly finished, it tends to cause 
offset'^ to a higher degree as well as not being absorptive. A slight 

*J. Bekk, Papicr-Fahr., 1933, 31, Trch.^Winn. Tril, 485; Chrm.-Ztff., 1933, 57 (78), 756; RfV. 
Paintt Colour, Vanntth, 19M, 6, 265; 1934 , 7, 195; Chrm. Ahn., 1934, 28, 1530, Paper Maker, 1985, 
89 (5), T. 8. 71; (6), T. 8. 88; Proc. Tech, fleet. Paper Makers* An^oc. Gt. Brit, Ireland, 1936, 
16, 9; Chem. Ahn., 1936, 29, 7663; 1936, 30, 27.55. Paper Market A Printing Technique, 1937, 102 (New 
Serte«). (12), 227; 1938, 103 (2), 59; Rev. Paint, Colour, Varninh, 1938, 11, 107. fivennk PapnerMdn., 
1934, 37 (14), 442; Chim. et ind., 1935 , 33 (2). 433; Rev. Paint, Colour, Varnish, 1935, 8, 108. 

»H. J. Wolfe, Am. Ink Maker, 1933, 11 (4), 9; Rev. Paint, Colour, Varnish, 1933, 6, 136; Chem. 
Ab$., 1933, 27, 3092. 

* See Chapter 16. 



PAPER FOR PRINTING 475 

Figure 95. Diagrammatic Sketch of Apparatus for Drying Printed Sheets 
by Ozonation (P. Aitchison, F. T. Wood, and A. A. Wittnebel). 

amount of unevenness in the surface acts a:^ a cushion and separates 
the sheets so that air can circulate and dry the ink, and also so that the 
layers of ink on one sheet will not come into contact with the surface of 
the adjacent sheet of paper. This circulation of air is one of the most 
important aspects of the drying process, and methods have been devised 
to accelerate the latter operation, one of which is the use of ozone as an 
oxidizing agent. The sheets of printed paper are piled in an air-tight 
container and the air is evacuated and replaced by ozone, which will 
dry the ink overnight (Figure 95).® 

The low absorptivity of a paper surface, whether because of excess 
calendering or thick sizing, has another effect upon the appearance of 
the printed material. When the plate presses upon the paper, the ink 
must either be forced into the interstices of the fibers, or in their absence 
squeezed out around the raised portions of the plate, which results in 
what is known as the “halo” effect. The film of ink is too thin in the 
center of the character and the periphery has a heavy excess. The 
remedy for the “halo” is to use a more absorbent paper, a slightly less 
viscous ink, and less printing pressure. 

The temperature at which printing is done is one of the important 
factors in the production of a pleasing result. The viscosity of the vehicle 
in the ink becomes less as the temperature rises, and as a result an 
increased penetration of the fibers by the liquid is accomplished. When 
the temperature is too high the vehicle is absorbed to such a degree that 
the pigments and fillers are left unprotected on the surface and are easily 
rubbed off. Since the degree of humidity affects the hygroscopic fibers 
of the paper and a large proportion of moisture causes them to swell as 

8 A. Aitchoaon, F. T. Wood and A. A. Wittnebol, U. S. P. 1,925,429, Sept. 5, 1933, to Ameriran 
Banknote Co.; Rev. Paint, Colour, Varnioh, 1934 , 7, 293; Brit. Chem. Aba. B, 1934, 571. British 
P. 415,261, 1934; Chem. Aba., 1935, 29, 861. For further discussion of the use of o*one as a 
drying agent, see Chapters 8 and 16. 
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the percentage of moisture in the air increases, the control of the moisture 
content of the air is essential to the production of good printing. Many 
printing establishments, especially where multicolored work is done, 
use air-conditioning to maintain the size of the paper constant.® 

The mineral content of a paper, as before mentioned, greatly affects 
the printability because of its effect upon the absorptivity of the surface, 
upon the oils used for the ink vehicle, and upon the pigment in the ink. 
Sulphuric and other acids and excess alum in the paper are harmful 
because they destroy the color of basic dyes of inks and tend to saponify 
the oil vehicles. Hypochlorite bleach residues have a decolorizing effect 
upon some of the colored pigments of inks and also tend to weaken and 
blacken the paper. Any iron compounds in the paper react with colored 
pigments to cause black or brown spots to develop, especially in the 
lithographing*^ process. Sulphur and sulphur compounds are particu¬ 
larly harmful to lead pigments, as they tend to form black lead sulphide. 
Bronze powders are also attacked by sulphur compounds. The alkali 
residues present in some coated papers destroy acid pigments and react 
with Prussian Blue, changing its color. The color of inks is also affected 
by the presence of organic materials which are derived from mechanical 
wood pulp and glue.® 

The printing qualities of paper are equalled in importance by the 
characteristics of ink that make for its good adhesion, fast drying, suit¬ 
able stability and penetration. The ink must be fitted to the particular 
stock used and to the process employed in the operation. A good rule 
to follow is to use the most tacky ink which the paper will allow. 

The pigment content of the ink must be fixed in order to obtain the 
highest penetration and adhesion. When a loose-fibered paper is to be 
printed upon, the percentage of pigment may be higher than when glossy 
stock is used. A high proportion of pigment makes for less adhesion 
and consequently more of a tendency for offset and smudging. The 
dyestuff must be opaque and must have what is called good covering 
power, that is, its capacity for hiding the material beneath and produc¬ 
ing a uniform and opaque surface. The finer the particle size and the 
more complete the dispersion of the pigment, the greater will be its 
opacity and covering power. 

The vehicle of the ink is largely determined by the process of print¬ 
ing and by the stock used. In ordinary letterpress work, the ink may be 

•For general notes on paper in relation to printing, see the following; Mirhiyo Ynno, /. Chem. 
Ind. Tokyo, 1917, 20 (2M); Chem. Ahn., 1917, II. 2406. B. Thomas. Mod. Lith. and Ojfnet Printrr, 
1932, 28 (4), 74; Rev. Paint, Colour, Vamixh, 1W2, 5, 174, J. Strachan, Paper Maker, 1934, 88 (5), 
TS 193; Chem. Abi., 1935 , 29, 38M, Brit. Printer, 19^. 46 (273), 114; Rev. Paint, Colour, Vaminh, 
1^, 6, 336. V. 8. Smith, Paper Ind., 1934, 16, 626; Chem. Ahn., 1935, 29, 1633. Rdbencamp, 
Fnrben.-Ztn., 1923, 28, 1389; Chem. Ahn., 1923. 17. 3423. .T. G. Patrick. Am. Ink Maker, 1938. 16 
(2), 18; (3), W; Rev. Paint, Colour, Vaminh, 1938, 11, 109, .T. Niemcr.yk, Paper Trade /., 1936, 
102 (18). 31; Brit. Chem. Abe., B, 1936, 587; Ch*>m. Abe., 1936. 30, 50,34. P. Klemm, Woehhl. 
Papierfabr., 1914 , 45, 2306; Chem. Abe., 1914, 8, 3118. E. A. Dawe, WorhTe Paper Trade Rev., 
1929, 92, 1736, 1M2; Chem. Abe,, 1930, 24, 958. C. R. Conquergood. Am. Ink Maker, 1939, 17 (3h 27. 
H. H. T. Alway, WorWe Paper Trade Rev., 1936, 105, 1443, 1484; Chem. Abe., 1936, 30, 7337. 
W. T. Diefcnbach, Paper Mill, 1935, 58 (24). 13; Chem. Zentr., 1935, 106 (2) (15). 2455; Rev. 
Paint, Colottr, Vamieh, lff35, 8, 510; Brit. Chem. Abe. B, 1935, 798; Chem. Abe., 1935, 29, 7654. 

See Chapter 1. 
• H. A. Maddox, Pulp Paper Mag. Can., 1913, 11, 126; Chem. Abe., 1913, 7, 1415. 
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of the oxidation-drying type, capable of but little absorption and slight 
evaporation. Because of the speed maintained and because of the loose¬ 
ness of the fibers in the paper, as stated, newsprint printing requires a 
non-drying ink which will penetrate at the greatest speed into the paper. 
When printing glassine and other cellulosic material of this type, the 
vehicle usually contains a solvent for the surface to be printed, so as to 
obtain a better adhesion. A high proportion of volatile solvent must 
be added to the vehicle to make the drying time as short as possible. 
Aniline inks usually contain a vehicle which dries solely by evaporation, 
thus establishing the main advantage of this ink for high-speed carton 
work. The length of the ink must be controlled so as to produce the 
best results with particular surfaces. 

The drier content of inks is largely determined by the degree of finish 
possessed by the surface to be printed. When a highly absorbent mate¬ 
rial is used, little or no drier is needed in the ink, but a large proportion 
is required when hard and calendered stocks are to be printed.® 

Wolfe gives the following general formulas (Table 41) for inks 
to be used on the various types of stock. The proportions of oil in the 
vehicle as well as the inclusion of different quantities of other ingredients 
are given merely to point out that the several varieties of paper require a 
rather specialized type of ink. 

Table 41.—Inks for Various Paper Stocks. 

Weight 
(Iba.) Bond Bronze Blue 

16 No. 0 lithographic varnish 
24 No. 1 lithographic varnish 

4 No. 3 lithographic varnish 
1 melted beeswax 
3 paste drier 

44 Bronze blue, dry 
8 Alkaline Reflex Bhu\ red shade, 

ink 

100 

Weight 
(lbs.) Coated Paper Rtnl 

35 No. 1 lithographic varnish 
12 No. 00 lithographic varni.^h 
4 soft wax compound 
4 paste drier 

22 gloss white, dry 
23 barium Lake for Red C, dry 

Too 

Weight 
(lbs.) Bond Black 

25 No. 3 lithographic varnish 
10 No. 5 lithographic varnish 
5 boiled linseed oil 

10 long gum varnish 
10 cobalt drier, 3% 
18 Bronze blue, ink 
22 high-grade carbon black, dry 

100 

Weight 
(lbs.) Coated Paper Yellow Lake 

23 No. 00 lithographic varmsh 
6 No. 0 lithographic varnish 
6 No. 1 lithographic varnish 
5 paste drier 
5 soft wax compound 

50 Tartrazine Yellow Lake, dry 
5 alumina hydrate, dry 

m 
®J. Bekk, Pappen^tidn., 1934 , 37 (14), 422; Chim. et ind., 1935, 33 (2), 433; Rev. Paint, 

Colour, Vamifth, 1935, 8, 108. Chevi.-Ztq., 19^. 57 (76), 756; Rev, Paint, Colour, Varnish, 1933, 
6, 265. Papier-Fabr., 1933, 31, Tech.-Wiss TeU, 485; Chem, Aba,, 1934, 28, 1530. J. Strachan, 
Paper Maker, 1934, ^ (5), TS 97; Chem, Abs., 1934 , 28, 7011. J. Bekk, ZeJlstoff u. Papier, 1937, 
17, 294; Rev, Paint, Colour, Varmsh, 1937, 10, 260; BnL Chem, Abs, B, 1937, 1322; Chem, Abs., 
1937, 31, 6878. 

10 H. J. Wolfe, Am. Ink Maker, 1933, 11 (4), 9; Rev. Paint, Colour, Varnish, 1933, 6, 135; 
Chem, Abs., 1933, 27, 8092. 
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Tabic 41.—(contd.) 

Weight 
(lbs,) Supereulendeied Paper lle<l 

26 No. 1 lithographic varnish 
4 No. 33 mineral ink oil 
8 soft wax conipound 
4 paste drier 

14 gloss white, dry 
14 barium Lithol Toner, di*y 
30 AAA Orange mineral, dry 

1^ 

Weight 
(lbs.) Parchment Black 

12 No. 1 lithographic varnish 
25 No. 3 lithographic varnish 
12 hard-drying gum varnish 
12 cobalt drier 

1 melted beeswax 
15 Bronze blue, ink 
23 carbon black, dry 

100 

Weight 
(lbs.) Carton Yellow 

20 No, 0 lithographic varnish 
5 No. 3 lithographic varnish 
1 heavy gum varnish 
4 wax offset compound 
4 paste drier 

21 lemon chrome yellow, dry 
30 medium chrome yellow, dry 
15 gloss white, dry 

100 

Weight 
(lbs.) Machine-finished Red 

20 No. 33 mineral ink oil 
20 No. 1 lithographic varnish 

5 No. 3 lithographic varnish 
4 soft cup grease 
6 paste drier 

15 gloss white, diy 
30 barium Lithol Toner, dry 

100 

Weight 
(lbs.) Glassine Violet 

50 hard-drying gum varnish (litho¬ 
graphic varnish and Amberol) 

5 wax compound 
10 cobalt drier 
10 AAA Orange mineral, dry 
25 phosphotungstatod Methyl Violet 

Toner, dry 

Weight 
(lbs.) Supercalendered Paper Blue 

32 No. 0 lithographic varnish 
10 No. 1 lithographic varnish 
8 No. 33 mineral ink oil 
6 soft wax compound 
2 paste drier 
8 alumina hydrate, dry 

34 Bronze blue, dry 

100 

Weight 
(lbs.) Parchment Red 

10 No. 0 lithographic varnish 
12 No. 3 lithographic varnish 
8 dammar varnish 
3 paste drier 

15 gloss white 
25 English vermilion, dry 
22 AAA Orange mineral, dry 

5 Madder Lake, dry 

100 

Weight 
(lbs.) Carton Red 

28 No. 0 lithographic varnish 
8 No. 3 lithographic varnish 
3 wax offset compound 
4 paste drier 

12 alumina hydrate, dry 
36 blanc fixe, dry 

9 calcium Lithol Toner, dry 

100 

Weight 
(lbs.) Machine-finished Blue 

15 No. 33 mineral ink oil 
20 No. 0 lithographic varnish 

6 No. 3 lithographic varnish 
3 cobalt drier 
6 soft cup grease 

10 gloss white, dry 
40 Bronze blue, dry 

100 

Weight 
(lbs.) Glnssine Green 

35 hard-drying gum varnish 
4 wax compound 
4 paste drier 

46 lemon chrome yellow, dry 
11 green shade Milori Blue, dry 

Too 

100 
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The development of high-speed printing processes has necessitated 
the formulation of inks that are fast-drying and papers that can stand 
the mechanical strain of the i)rcsscs and that allow inks to be absorbed 
faster in order to inhibit smudging and offset.^^ John Walter in 1814 
proudly announced that he was able, by a faster method of printing, to 
produce 1,100 copies of the London Times per hour! That seems to 
be snail-paced printing compared with the thousands of copies printed 
hourly by modern presses. A different type of ink must be used on 
platen presses than on rotary machines, and the composition of the ink 
must be varied, as will be more fully discussed later, according to the 
method of printing employed, whether it be typographic, lithographic, 
or rotary photogravure.^^ 

Newsprint is a non-enduring type of paper which is lightly calen¬ 
dered to lower the penetration of the ink. Such paper is composed of 
groundwood and sulphite pulp, and about 60 per cent of its volume is 
composed of air spaces. Groundwood is mechanically macerated pulp 
which contains all the original impurities (e.g., calcium oxalate, lignin, 
rosin, etc.) that were present in the wood. Sulphite pulp is a material 
produced by the action of calcium bisulphite on wood and is freer of 
impurities than is groundwood. Alost newsprint in use is composed of 
from 75 to 82 per cent groundwood and the remainder sulphite pulp. 

Sulphite fibers are of uniform size and are not fibrillated, or broken 
into smaller bits of fibers, whereas groundwood, because of the abrasive 
process of manufacture, is of non-uniform size and is split or fibrillated. 
Therefore the latter make a stronger paper because of the enmeshing of 
these small fibrills. The rate of absorption of ink is dependent upon the 
capillary forces of the fibers and upon the area of fiber surfaces exposed 
to the oil vehicle of the ink. The amount of ‘^show-through,^' or trans¬ 
parency, caused by the action of the oil can be expected to be low in 
newspapers because of the high groundwood content. The calendering 
process, however, counterbalances the effect by decreasing the absorptive 
area and by decreasing the oil resistance of the fibers. Penetration would 
be least if the paper were composed of 100 per cent groundwood and 
would increase with an increase in sulphite content. Groundwood paper 
has higher opacity and less “strike-through," or running through, of the 
ink oil than sulphite paper. The gloss is also lower and the printing 
more uniform. 

The inclusion of sulphite pulp, however, increases the tensile strength 
of the paper, a factor very important in the high-speed printing processes. 
Sulphite pulp increases the gloss of the paper, increases the ink absorp- 

See Chapter 17. 
1* “Encyclopaedia Britannioa/' 1937, 16, 337. 
i»J. Bekk, Zellstoff u. Papier, 1937, 17, 294; Rev, Paint, Colour, Varnish, 1937, 10, 260; Brit. 

Chem. Abs. B, 1987, 1322; Chem. Abs., 1937, 31, 6878. J. Strachan, Paper Maker, 1934, 87 (5), 
TS 97; Chem, Aba,, 1934. 28, 7011. J. Bekk, Papier-Fnhr., 1933, 31, Tech.-Wisa TeU, 485; Rev. 
Paint, Colour, Varnish, 1934, 7, 195; Chem. Abs., 1934, 28, 1530. For description of these three 
processes, see Chapter 1. 
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tion, and decreases the opacity. Groundwood paper has the highest 
opacity, unbleached sulphite next, and bleached sulphite least of all. 

Spruce is considered to be one of the best woods for the production 
of newsprint because of its low rosin content. Pine is often used, although 
special alkali treatment must be followed to free it from the rosin, present 
in a large proportion, with the production of “tall oil” as a by-product. 

Because newsprint is so unenduring, most newspapers print a few 
copies of each issue on a better grade of paper for record purposes, or 
they employ photography (miniature films) to obtain copies of their 
paper for filing purposes.^** 

News ink is one of the most fluid of the printing inks. It is non- 
hardening and its drying, as stated above, depends upon absorption into 
the fibers of the paper. Carbon black is used as the pigment, and toners 
are added with the aid of rosin oil. The whole is ground into an oil which 
is chiefly or entirely mineral in character, and which varies from a light 
green to a very dark brown. The higher the proportion of pigment con¬ 
tent, the less ink can be used; consequently less strike-through and show- 
through will result. The temperature of the ink and the paper is an 
important factor in this printing as in others, because the viscosity of 
the oil is lowered with an increase in temperature.^® 

Because news ink is of the non-drying type, it is rather easy to 

remove from the paper when new pulp is to be made from the waste 
material. Drying inks form a hard film when they dry, but news ink 
remains as “wet” always as it was when printed; all that occurs is that 
the vehicle penetrates into the fibrous structure of the paper, leaving 
the pigment stranded, so to speak, on or among the surface fibers. 
Removal is effected, therefore, by employing some solvent for the vehicle, 
such as turpentine, with an alkali or soap, and a peptizing agent such as 
beidellite for the carbon black. The pulp is washed and the carbon 
black and vehicle are carried through the screen, leaving the fibers 

behind.^® 

In the removal of other types of ink from waste paper, however, 
more complicated procedures must be followed, the most important con¬ 

sideration of which is the cost of the process and the chemicals employed, 
since the products obtained are almost exclusively used for dark mate- 

L. Wehmhoff, Paver Trade J., 1932, 94 (13), 30; Chem, Abt., 1032, 26, 3100. O. Thompson, 
J. S. C. 1037, 1052. Official Notices, Liverpool Section. O. Ant-Wuorinen and A. Bacliman, 
Zellttoff u. Papier, 1038, 18, 470; Brit. Chem. Ab$. B, 1038, 1270. 

^See Chapter 0. 
Andrews, Can. Chem. Met., 1032, 16 (3) 64; Am. Ink Maker, 1932, 10 (4), 33; Rev. Paint, 

Colour, VamUh, 1032, 5, 00, 173. 

variety of bentonite with a 1:3 ratio of AI2O8 to SiOs, from Biedell, Col.; E. 8. Larsen 
and E. T. Whewy, /. Wash. Acad. Set., 1925, 15, 465; C. S. Ross and E. V. Shannon, J. Wash, 
Acad. 8ei., 1025, 15, 467; Chem. Abs, 1926, 20, 885. 

'•Forest Prod. Lab., Madison, Wis.; Chem. Ind., 1038, Jan., p. 47; N. Osawa, TJ. R. P. 
1,833,840 and 1,833,852, Nov. 24, 1031, to Ko Watanabe; Chem. Abs., 1932, 26, 1122. 
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rials such as pasteboard and wrapping paper. Three common methods 
of ink removal are the alkali, emulsion and beater processes.'® 

In the alkali treatments, soaps as well as alkalies, such as lye, lime, 
ammonia, sodium alkaline salts, e.p., sodium carbonate, silicate, and 
borate are employed. The paper is macerated and mixed with one or 
more of these materials, whereby the ink is dissolved leaving the pulp 
behind.^® The inclusion of bentonite, a colloidal clay material, with an 
alkali such as sodium carbonate is recommended.-' Kieselguhr, silica 
powder, fuller’s earth, kaolin, talc, soapstone, casein, gelatin, glue, albu¬ 
min, gum arabic or tragacanth, starch, or dextrin are sometimes substi¬ 
tuted for bentonite as a detergent along with the alkali material.^^ The 
use of tetralin with dilute sodium hydroxide has been suggested by Berl 
and Pfannmiiller.-^ The tetralin, in which is dissolved the removed ink 
and its binders, is separated from the cleaned pulp by flotation with 
water, in which the fibers remain in suspension. 

Frequently a bleaching agent, such as calcium hypochlorite, sul¬ 
phurous acid, or chlorine, is added to whiten the fibers while the ink is 
being removed, and to bleach any ink left in the pulp.-^ By the use of 
an alkaline bleach, such as sodium peroxide, barium peroxide, sodium 
orthoboratc, or sodium persulphate, the bleaching action and the alka¬ 
line detergent action are performed by the same substance, thus obviat- 

For a discussion of ink removal from waste paper, see T. R. Briggs and F. H. Rhodes, 
“Fourth Ck)lloid Symposium Monograph," 311, New York, Chemical Catalog Co. (Reinhold Pub¬ 
lishing Corp.). 1926; Chem. Abs,, 1927, 21, 3456. A. Bryant, Paper Mill, 1926, 49 (23), 56; Paper Trade 
J., 1926 , 82 ( 23), 63; Chem. Abs., 1926, 20. 3082. B. Haas, Chem.-Ztg., 1921, 45, 1187; Chem. Ahs., 
1922, 16, 829. P. li. limes and J. J. Bean, Paper Trade J., 1936, 103 (10), 37; Chem. Abs., 1936, 
30, 8612. C. M. Jojee, Chem. Met. Eng., 1921, 25, 242; Chem. Abs., 1921, 15, 3745. E. G. 
Milham, Paper Trade J., 1931, 93 (14), 40; Paper Mill, 1931, 54 ( 40), 18; Chem. Abs., 1931, 25, 5989. 
I. I. Kovalevskii, Buviazhnaya Prom., 1935, 14 (3), 16; Chem. Abs., 1935, 29, 5267. J. J. O’Connor, 
Paper Mill, 1926, 49 (10), 10; Chem. Abs., 1926, 20, 3812. W. Schrauth, Chem.-Ztg., 1921, 45, 
1090; Chem. Abs., 1922, 16, 645. 

^ As examples of this procedure, the following are cited: A. F. Allen, A. F. McCoy and R. O. 
Sternberger, U. S. P. 1,406,322, Feb. 14, 1922; Chem. Abs., 1922, 16, 1317. F. Brown, British P. 
375,978, 1932; Chem. Abs., 1933 , 27, 3610; Canadian P. 322,965, 1932; Chem. .Abs., 1932 , 26, 4176. 
N. Davi.s, Brit. Printer, 1934, 46 (276), 279; Hiv. Paint, Colour, Varnish, 1934, 7, 195. R. Edmunds, 
Papierfabr., 1927. 25, Tech.-Wiss Ted, 75; Chtm. .Abs., 1928, 22, 4814. G. Hammond, U. S. P. 1.572,479, 
Feb. 9, 1926; Chem. Abs.. 1926. 20, 1323. L. Her/., British P. 24,131, 1908; German P. 220,424, 1909; 
Chem. Abs., 1910, 4, 2203. P. R. Iliiie^s, U. S. P. 2,005,742, June 25, 1935; Chem. Abs., 1935, 29, 5657 ; 
r. S. P. 2,042,465, June 2, 1936; Chem. Ab.i., 1936. 30, 5040. T. Jo.sperson, U. S. P. 1,311.563. July 29. 
1919; Chem. Abs., 1919, 13, 2596; U. S. P. 1,424,411, Aug. 1, 1922; Chem. Abs., 1922, 16, 3394. M. E. 
and B. W. Kinyon, U. S. P. 1,826,179, Oct 6, 1932; Chem. Abs., 1932, 26, 600. J. Kircher and E. 
Ebner, D. Ing.-Ztg., 1870, 88; Chem. Zentr., 1870, 3 (1), 166. W. Lewis, British P. 321.826, 1928; 
Chem. Abs., 1930 , 24, 2885; Canadian P. 283,130, 1928; Chem. Ahs.. 1928, 22, 4248; U. S. P. 1,727,722, 
Sept. 10, 1929; Chem. Abs., 1929. 23, 5319. A. R. Lukens, U. S. P. 1,680,949, Aug. 14, 1928, to The 
Richardson Co.; Chem. Abs., 1928, 22, 3778. B. W. Petsche, German P. 233,665, 1910; Chem. Abs., 
1912, 6, 1851. F. IT. Snyder, U. S. P. 1,988,363, .Tan. 15, 1935; Chem. Abs., 1935, 29, 1637; British 
P. 441,363. 1936; Chem. Abs., 1936 , 30, 5672, both to Snyder Maclaren Processes, Inc. R. W. G. 
Stutzke, U.S. P. 1.545,707, Julv 14, 1925; Chem. Abs., 1925, 19, 2878. O. C. Winestock, U. S. P. 
1,138,596, May 4, 1915; Chem. 'Ahs., 1915. 9, 1691. S. D. Wells, U. S. P. 2,018,938, Oct. 29, 1935, to 
Lewis L. Alsted; Chem. Abs., 1936 , 30, 287. 

H. R. Eyrich and J. A. Schreiber, British P. 186,372, 1921; Chem. Abs., 1923, 17, 341; Cana<lian 
P. 222,060, 1922; Chem. Abs., 1922, 16. 3394; T. S. P. 1,421,195, June 27, 1922; Chem. Abs., 1922, 
16. 2990. 

2*M. Cline and C. F. Rhodes, U. S. P. 1,138.085, May 4, 1915; Chem. Abs., 1915, 9, 1691. L. E. 
Granton, British P. 222,160, 1923; Chem. Abs., 1925, 19, 1055. 

*»E. Berl and W. Pfannmiillcr, Z. angew. Chem., 1925, 39, 887; Chem. Abs., 1926, 20, 289. 
«♦£. Kellner, U. S. P. 1,555,674, vSept. 29. 1925; Chem. Abs., 1925, 19, 3594. W. M. Osborne, 

U. S. P. 1,298,779, April 1, 1019; Chem. Abs., 1919, 13, 1763. J. E. Plumstead, U. S. P. 1,576,994, 
March 16, 1926; Chem. Abs., 1926, 20, 1905. F. H. Snyder, U. S. P. 1,991,823, Feb. 19, 1935, to 
Snyder Maclaren Processes, Inc.; Chem. Abs., 1935, 29, 2357. D. Wells, U. S. P. 1,992,977, March 5, 
1935, to Lewis L. Alsted; Chem. Abs., 1935, 29, 2744. 
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Courtety Williami Patent Cnuher A Pulverizer Company 

Figure 96. Sectional View of Williams *‘No-Nife” Hog for Shredding Wood. 

ing the use of two ingredients.-^ An alkaline organic material is some¬ 
times used instead of lye or soap as a detergent. Water-soluble deriva¬ 
tives of sulphonic acids, such as the sodium, potassium, or ammonium 
salts, or those of an organic base, e.g., pyridine, cyclohexylamine or 
triethanolamine, are ink-removing agents which have been employed. 
They are used in conjunction with various organic solvents, e.g., chlori¬ 
nated or hydrogenated hydrocarbons, higher alcohols, or with bentonite or 
fuller^s earth, or such solvents as Turkey-red oil. After the paper has 
been treated, the solvents may be recovered and used again. 

In the emulsoid type of ink remover, the agent employed to emulsify 
the water-insoluble material with the aqueous phase may be soap, 
sodium carbonate, rubber, gutta-percha, Turkey-red oil, various gums, 
or an alkali. The solvents used are numerous; among them are pyridine, 
kerosene, turpentine, benzene, pine oil, rosin and rosin oil, various chlori- 

»H. Henkel and O. Qeasler, U. 8. P. 988.874, AprU 4. 1911; Chem. Abt., 1911, 5, 2170. C. Kurts* 
Hahnle. British P. 26.019, 1911; Chem. Abz., 1913, 7, 1009. 

, ^British P. 438,403, 1930, to Deutsche Hydrierwerke A.-Q.; Chem. Abt., 1930, 30, 3287. 
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iiated hydrocarbons and phenols, and organic acids. After being agitated 
with the paper, the solvents are separated from the aqueous pulp mixture 
and carry with them the decomposed and dissolved ink vehicles and 
pigments.^"^ 

The beater process, as used for the purpose of removing ink from 
paper, utilizes merely the mechanical action of shredders and abrasion 
wheels, together with the flushing action of water. The paper is macer¬ 
ated and agitated by any one of various types of toothed wheels and is 
washed with copious amounts of water to remove the ink. The process 
is of advantage where water is abundant and cheap, and is economical 
for the reason that no chemicals are needed for ink removal.^® 

Several processes not included in one of the three classifications given 
above have been used to remove ink from waste paper. The paper may 
be mixed with a weak aqueous solution of sodium chloride and the 
resulting mass, after having been macerated, is electrolyzed to remove 
the carbon black.^® As an alternative method, the paper is heated with 
a solid petroleum {e.g., paraffin wax or petrolatum) and the ink dissolved 
out and removed. The petroleum is then drained off and the pulp washed 
with water.-^® The use of two immiscible liquids, such as water and ben¬ 
zene, has been suggested as a solvent. The pulp collects in the water 
layer and the ink stock in the benzene portion, thus effecting an easy 
method of separating the two.**^^ 

A rather loosely constructed paper is needed for lithographic printing, 
in order to be non-sensitive to changes in temperature and relative 
humidity. In the preparation of lithographic paper, the pulp is sub¬ 
jected to a minimum of beating and refining, and a paper is produced 
which has a fairly large directional difference, that is, the properties 
which it possesses across the grain are not the same as those in the 
direction of the fibers. In other words, it will swell and expand to a 

27 F. W. Atack, British P. 299,817, 1927; Chem. Abs., 1929. 23, 3548. J. E. Bouser, U. S. P. 
1,008,779, Nov. 14, 1911; Chem. Abs., 1912. 6, 293. Gennan P. 369,468, 1921, to Chemotechnische Gesell- 
Bchaft; Chem. Abs., 1923, 17, 2362. W. S. Crisp, U. S. P. 1,993,362, March 5, 1935, to Wm. J. Weir; 
Chem. Abs., 1935, 29, 2744. H. C. Fisher, U. S. P. 1,707,604, April 2, 1929, to Richardson Co.; Chem. 
Abs., 1929, 23, 2571. H. B. Hass, U. S. P. 1,990,376, Feb. 6, 1935, to Purdue Research Foundation; 
Chem. Abs., 1935, 29, 1986. 11. Scheele, German P. 502,730, 1929; Chem. Abs,, 1930 , 24, 5497. C. G. 
Schwalbe, Z. angew. Chem., 1931, 44, 24 ; Chem. Abs., 1931, 25, 3480. O. Welsh, U. S. P. 1,601,193. 
Sept. 28, 1926; Chem. Abs., 1926, 20, 3814. I. J. Wright, U. S. P. 1,226,735, May 22, 1917; Chnn. 

Abs., 1917, 11, 2154. 
* Various mechanical de-inking treatments are described and discussed in the following: P. Bour- 

cet and H. Regnault, British P. 219,311, 1923 ; Chem. Abs., 1925, 19, 577. J. De Witt, U. S. P. 
1,705,907, March 19, 1929; Chem. Abs., 1929 , 23, 2294. T. Earle, U. S. P. 2,116,511, May 10, 1938; 
Chem. Abs., 1938, 32, 5213. G. Hammond. U, S. P. 1,846,683, Feb. 23, 1932, to the Reclamation C<>. 
of America; Chem, Abs., 1932, 26, 2594. P. R. Ilines, French P. 7M,990, 1936; Chem. Abs., 1936. 
30, 4672. B. I. Humble, Papfr Trade J., 1930, 91 (1), 49; C/jcm. Abs., 1930, 24, 5491. W. Lewis. 
U. S. P. 1,696,639, D«h5. 25, 1928; Chem. Abs., 1929, 23, 983. Q. G. McArthur. U. S. P. 1,904,066. 
AprU 18, 1933; Chem. Abs., 1933 , 27, 3333. W. B. Mcixel, U. S. P. 989,023, April 11, 1911, to James 
B. Stalnakcr and T. W. Jenkins; Chem. Abs., 1911, 5, 2178. H. A. Morrison. Paper Trade J., 1932, 
94 (18), 40; Chem. Abs., 1932 , 26. 4717. C. A. Shubert, Paper Trade J., 1931. 93 (13), 31; Chem. 
Abs., 1931. 25, 5089. B. M, Sorokin, Russian P. 35,550, 1934; Chem. Abs., 1935 . 29, 8332. O. C. Wein- 
stock, British P. 262,270, 1925; Chem. Abs., 1927, 21, 3744. S. D. Woll.s U. S. P. 1,962,164, June 12, 
1934; Chem. Abs., 1934, 28, 4908. 

»N. A. Kuzin, Russian P. 52,792, 1929; Chem. Abs., 1931, 25, 1085. 
•®A. L. De StUrler, German P. 263,220, 1912; Chem. Abs., 1913, 7, 4069. 

•U. J. Werst, P. Mar, H. L. Collie, and J. M. Egmond, German P. 265,488, 1911; Chem. Abs., 
1914, 8, 573; German P. 279.101, 1913; Chem. Abs., 1915, 9, 1246; U. S. P. 1,083,234, Doc. 30, 1913 ; 
Chem. Abs., 1914, 8, 1207; Dutch P. 726, 1912; Chem. Abs., 1913, 7, 3415. 
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greater degree across the grain than with it, and its tensile strength will 
be greater across the grain than in the direction of the fiber lengths. 
The ''grain’' of a paper is produced in mechanical processes of produc¬ 
tion on the Fourdrinier machine, and a greater proportion of the fibers 
tend to lie in the direction of motion of the paper through the machine, 
rather than across the path. In hand-made papers the properties the 
sheet possesses are exactly equal in both directions, and there is no 
"grain.” The paper should be surface sized for best results in litho¬ 
graphing, for the paper thus produced has the right amount of absorb¬ 
ency to prevent offset and at the same time to hold the ink near the 
surface. 

In the pressroom, as indicated, the control of humidity is important 
for attainment of the best results. The paper should be conditioned, 
that is, allowed to come to equilibrium w'ith the humidity and tempera¬ 
ture of the room. Most paper will retain, because of the hygroscopic 
nature of the cellulose fibers, from 0.5 to 1 per cent more moisture than 
that required for equilibrium. The heaviest paper, piled in sheets, 
becomes conditioned in less than 2 hours, while liglit papers reach a 
stable state in about 1 hour, when changing from 35 per cent to 65 per 
cent relative humidity. 

Below 80 per cent humidity the moisture content and the dimensions 
of the paper are directly proportional to the relative humidity, but above 
that degree, both the moisture content and the size of the paper increase 
to a greater degree than the humidity. Above 95 per cent, the fibers 
of the paper become pulpy and are rearranged, causing a slight perma¬ 
nent shrinkage. If the moisture content should rise above 95 per cent 
between two successive impressions in printing, difficulties of register 
would occur because the two successive plate impressions would not cor¬ 
respond in position. There is a greater degree of expansion across the 
grain, because of the swelling of the fibers, than with the grain, but no 
constant ratio is followed.^^ 

The desirable types of papers for half-tones are coated and super- 
calendered stock, although one of the softest and uncoated papers, Bible 
paper, shows a fine impression. When an antique or uncoated paper is 
printed with a half-tone, the roughness of the surface causes an uneven, 
mottled effect. The surface of a paper might be likened to a mountainous 
terrain, caused by the interlaced fibers. During the calendering opera¬ 
tion, the hills are crushed down almost to valley level; the coating of 
paper fills the hollows, and even covers the hills, to produce a plane 
surface above that of the original paper. 

*» Surface aizing is a process of coating a hardening material on the surface of newly made paper 
aa diatinguished from vat sizing, whereby the size is mixed in with ibe pulp and permeates the 
entire sheet of paper. 

•»R. F. Heed, Lithographic Technical Foundation, Rvtearrh Bulletin No. 1; Research Series No. 1. 
Q. Aubint Papier, 1988, 41, 297; Pulp Paper Mag. Can., 1938, 39, 647; Brit, Chem, Ab$. B, 1938, 
1278: Chem. Abe., 1938, 32, 8141. Bur, Stand, Tech, Newe BtUl^ 1932, 201, 7; Rev, Paint, Colour, 
Vamieh, 1934 , 7, 21. R. P. Reed, Paper Trade 1938, 107, TAPPI Sect., 25; Brit, Chem. Abe, B, 
1938, 1141. 
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The degree of calendering, the amount of hydration of the paper, the 
kind and amount of sizing, the formation of the sheet, and the type of 
stock all have an influence on the character of the work obtained. 

Coated paper produces a more accurate reproduction of the half-tone dot 
than does the supercalendered type. The “halo” effect is less pronounced. 

The surface of the paper should absorb the ink in the fraction of a 
second between the time when the plate first comes into contact with it, 

and when the squeezing action of the press begins; otherwise the “halo” 
effect occurs.*^ 

The qualities demanded of papers for color printing are very exacting, 

although not as essential in letterpress work as in the lithographic proc¬ 
ess. The paper stock must be a pure white in order not to change the 
hue of the pigment in the ink. If a pure white is unobtainable, as near as 

possible a neutral sliade should be used, and not a blue or a buff shade of 
white, as these spoil the effect of the ink. The standard white sheet should 
reflect 92 per cent of the liglit at the surface and not below it. and there¬ 
fore must be very opaque. The paper should not be so absorptive as 

to imbibe the vehicle and so change the character of the ink remaining 

on the surface. 
The physical properties required arc a strength of such an order as to 

withstand without fluffing the pull of the gripper on the press at the rate 
of 4 to 5 thousand sheets per hour, and to stand up without buckling 
with an automatic feeder. The amount of fluff and dust produced by the 

paper should be of such a small quantity as not to necessitate cleaning 

the press even after an all-day run.®* 

w H. P. Carruth, Paper, 1915, 17 (5), 11; Chrm. Abs., 1916, 10, 527. 

«T. S. Foworakpr, Pror. Tech. Sect. Paper Makers' Assoc. Gt. Brit. A Ireland, 1933, 13 (2), 419; 
Chem. Abs., 1933, 27. 5185. 





Glossary 

If given proper care and attention with each revision and revisions occur fre¬ 
quently enough so that definitions can be improved, a glossary becomes a very 
useful part of a book of this kind. 

The assistance is asked of the trade to send in such improved definitions with 
this object in view. 

Absorption.—The act of taking up, or assimilation, of one substance by another. 
Acid Dyes.—Organic coloring agents in which the dye-base takes the place of 

the acid constituent of a salt. 
Acid Number.—The number of milligrams of potasvsium hydroxide required to 

neutralize one gram of substance. 

Adsorption.—Phenomenon consisting in the adhesion, in an extremely thin 
layer, of molecules of gases, of dissolved substances, or of liquids to the surfaces of 
solid bodies with which they arc in contact. 

Adsorption Value (D.P.G.).—The per cent diphenylguanidine removed from a 
solution of 0.1 g. of diphenylguanidine in 50 cc. of alcoho-l by 1 g. of carbon black. 

Alizarine Oil.—The neutralized product obtained by treating olive oil, castor 
oil, cottonseed oil or other glycerides of fatty acids with sulphuric acid. 

Aniline Inks.—Solutions of a coal-tar dyestuff in an organic solvent, c.g., alco¬ 
hols, esters, ketones and ethers. 

Antioxidants.—Agents retarding the action of oxygen on drying oils and other 
substances subject to oxidation. 

Antique Paper.—Book paper that has not gone through a calender and is 
without finish. 

Antiskinning Agents.—Retardants of skin formation on the surface of a dr>'ing 
oil; usually the action is that of exerting a disi)orsing effect on the newly formed 

skin. 

Autographic Printing.—A procc'ss of making facsimiles. 
Autopol5nxierization.—A polymerization reaction which is catalyzed by the 

polymers formed. 
Autotyx>e.—A printing proces.s in which the metal plate is coated with a light- 

sensitive resin insU‘ad of gelatin. 
Autoxidation.—The combination of molecular oxy^gen with oxidizable substances. 
Backing.—A piece of resilient material placed behind the paper to be printed 

to insure a more even impression. 
Basic Dyes.—Organic coloring agents in which the dye-base takes the place of 

the basic constituent of a salt. Genemlly marketed as colorless hydrochlorides or 
colorless double salts with zinc chloride. 

Binder.—A material effecting adhesion of ink film to printed surface. 

Binding Agents.—Sec Binder. 
Blanket Cylinder.—A rubber-surfaet d cylinder which receives the inke<l design 

from the plate cylinder and “offsets” it onto the surface to be printed. 

Bleeding.—The spreading or running of a pigment by the action of a solvent, 

c.g., water or alcohol. 
Blown Oils.—Pro<lucts obtained by conducting air through a vegetable oil while 

the latter is heated, f.r., lu avily bodied oil. 
Bodied Linseed Oil.—Linseed oil which has been thickened by heating until the 

desired viscosity has been secured. 
Bodied Linseed Oil Extract.—See Tekaols. 

487 
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Body.—term designating the viscosity, consistency, density, or covering power 
of an ink or a vehicle therefor. Sometimes used to indicate density of a pigment. 

Body Color.—^The color of an immoistened pigment before admixture with the 
vehicle. 

Bodying Agent.—Material added to an ink to increase the viscoeity of the 
vehicle. 

Breaking.—A sudden and distinct separation of a gelatinous mass from raw 
linseed or other oils. 

Broken-tone Negatives,—Negatives obtained by exposing the subject through a 
ruled screen placed between the film and the continuous-tone positive. 

Bnkrstone.—A hard, tough rock, white or creamy in color, consisting of chalcc- 
donic silica with a cellular texture. 

Calender.—A system of alternate rollers of metal and paper for polishing the 
surface of sized and coated papers. 

Calendered Paper.—Paper which, in the process of manufacture, has been passed 
between hot rollers at great pressure to form smooth hard surfaces on the sheet. 

Carbon Tissue.—A sheet of paper coated with hardened dichromated gelatin 
containing carbon or other pigment in suspension. 

Cellophane.—Transparent paper made by extmding a viscose solution through 
long narrow slits into a settling bath. 

Clouding.—See Misting. 
Cold-color Printing.—A process for printing on glass or ceramic surfaces. 
Collotype Process.—Printing from a gelatin surface which has been rendered 

non-uniformly ink-receptive by light transmitted through an unscreened negative. 
Color Printing.—A process involving the use of the three primary colors, red, 

yellow and blue in the correct proportions. 
Color Strength.—The intensity of color exhibited by a pigment. 
Cont§ Pencils.—Non-greasy agents used for making temporary drawings or 

designs on lithographic plates. 
Copying Press.—A printing press for duplicating copies. 
Copy Relief.—The swollen gelatin form from which an intaglio or relief matrix 

is cast. 
Corrected Negatives.—Negatives for color printing made by using a combination 

of three-color negatives, their corresponding positives, and the negatives therefrom. 
Covering Power.—The capacity of an ink to hide the material beneath and to 

produce a uniform, opaque surface. 
Crawling.—^The contraction of ink film into drops. Occurs after printing of ink 

on a hard surface, e.g., glas.s. 
Crazed Drying.~See Gas Crazing. 
Creeping.—Flowing of ink beyond the limits of the design. 
Crystallization.—See Gas Crazing. 
Cylinder Press.—A press consisting of an oscillating flat bed or surface of type 

passing alternately under inking rollers and a rotating cylinder which presses the 
paper against the moving typo. 

Dampening.—Moistening non-design areas of lithographic plates by means of 
water-moistened rollers. 

Decalcomania.—Printing or painting of designs, patterns, pictures or textual 
matter upon a temporary base, and later transferring the printed material to a 
permanent base. 

Diapositive.—A positive made from a photographic negative, especially one on 
a transparent background. 

Diene Number.-—The proportion of conjugated double linkages in oil employed 
in printing inks. 

Dilution Ratio.—A mesisure of amount of non-solvent that can be added to a 
solution containing nitrocellulose, 83mtbetic resin or other solute before precipitation 
occurs. 
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Dilution Tolerance.—See Dilution Ratio. 
Direct Dyes.—Coloring materials not requiring the use of a mordant for form¬ 

ing a marking on cotton. 
Dispersing Agents.—Materials which facilitate the mixing of a solid substance 

into a liquid medium. 
Doctor Blade.—A knife edge which wipes excess ink off the surface of the 

engraved plate in intaglio printing. 
Doping or Doctoring.—Changing in the pressroom of the properties of an ink 

by incorporation of various modifying agents. 
Dot-Etching.—Decreasing the size and shaping the outline of the silver dots on 

photolithographic screen positives. 
Dragon’s Blood.—An exudate from draoema draco or calamus draco trees. 
Draw Out.—A small portion of a colored paste spread out in a thin layer on 

white paper to show color properties. 
Driers.—Substances which accelerate the rate of drying of oils. Generally 

derived from the metals cobalt, manganese, or lead. 
Drowning.—Operations comprising the dissolution of a dye in acid, {c.g., sul¬ 

phuric acid) followed by pouring the resulting solution into water to precipitate the 
dye in pulp form. 

Drying Oils.—Oil possessing the ability to form a tough surface film on standing 

in contact with the atmosphere. 
Drying Time.—The time required for an ink composition to penetrate the sur¬ 

face of the paper or to dr>' to a hard, permanent film. 
Electrotypes.—Copper casts (*lectrolytically deposited on a wax impre.ssion of 

assembled type. The copper shells are reinforced a soft metal backing and are 
mounted on wood blocks. 

Embossed Printing.—A method of printing whereby the lines of the design, 
sunk in the die, ajipear in relief on the printed sheet. 

Emulsifying Agents.—Agents facilitating the dispersion of one liquid into 
another. 

Emulsion Ink.—A composition comprising pigments, modifying agents, and an 
emulsion of two immiscible liquids. 

Encaustic Inks.—Inks which penetrate the body of the sheet, rendering erasure 
much more difficult. 

Ester Gums.—The i>roducts of esterifying rosins with glycerol or ethylene 
glycol. 

Ester Number.—The difference, expre.ssed in milligrams of potassium hydroxide 

per gram of oil, between the acid number and the saponification number. 
Extenders.—Inorganic compounds which have little opacity or hiding power 

but when mixed with pigments are considered to increase the covering power of 
the latter. 

Fastness to Light.—The resistance of a colored substance to the action of light. 
Fastopake Inks.—Compositions for printing on waxed surfaces. 
Fatty Acids.—Monobasic, saturated carboxylic acids of the aliphatic series, many 

of which are obtained by the hydrolysis of fats. 
Feathering.—Printing with irregular edges to the design. 
Feculose.—A mixture of esters prepared by treating starch wuth glacial acetic 

acid and washing the product free of imcombined acid. 
Filling Up.—Covering the non-printing areas (on a lithographic plate) with a 

partially dried ink film. Effect caused by an excess of drier in the ink. 
Fine-etching.—A method of modifying a photomechanically prepared plate by 

controlled undercutting to change the size of the half-tone dots. 
Fish Glue.—A gelactoee resulting from hydrolysis of fish gelatin. 
Flash Point of Solvents.—The temperature to which a liquid must be heated 

so that the vapors thereof will ignite w'hen a source of ignition is applied under 
definite conditions. 
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Flatbed Cylinder Press.—See Cylinder Press. 
Flatting.—See Gas Crazing. 
Fleshing.—See Flushing. 
Flocculation of the Vehicle.—See Livering. 
Flooding.—Excess ink on type or form caused by the ink fountain being too 

wide open. In the case of lithographic or offset work, the use of too little water or 
the absence of an etching material in the water fountain. 

Fluid Resin.—See Tall Oil. 
Flushing.—A grinding process which converts a water-wet pigment directly to 

an oil-wet pigment, by displacing water with oil. 

Flow.—The ability of an ink to spread over a surface or into a thin film. 

Flying Ink.—The fine mist or spray of ink thrown off by rapidly moving inking 
rollers if an incorrect ink composition is used. 

Frosting.—See Gas Crazing. 
Gas-Checking.—See Gas Crazing. 
Gas Crazing.—The wrinkling of a tung oil film under certain drying conditions. 

It is said to be caused by rapid absorption of oxygen on the surface. 
Gelation.—Conversion, partially or entirely, to a jelly-like mass, by heat or 

other means. 
Grain of Paper.—Structure of i>aper resulting from method of manufacture; 

usually most of the fibers lie in one direction. 
Graining.—Process of making surface of a lithographic plate water-receptive 

by grinding with a muller and sand or. mechanically, with pebbles and sand. 
Gravure Tissue.—Sheet of paper coated with dichroma ted gelatin but containing 

no pigment. 

Greasing.—Undesirable adhesion of ink to the non-printing areas of a litho¬ 
graphic plate. 

Groundwood.—Mechanically macerated pulp which contains all the original 
impurities (e.g., calcium oxalate, lignin, rosin, etc.) that were present in the wood. 

Gold Number.—A measure of the protective ability of hydrophilic colloids: 
Specifically, the number of milligrams of colloid which when added to a standard 
gold sol is just insufficient to prevent a change in color from red to blue. 

Half-tones.—Plates composed of a large number of dots which in the heavily 
.shaded portion.s are of relatively large size. In the lighter parts of the illustration 
the dots are proportionately smaller. 

Half-tone Screens.—These consist of a transparent plate ruled diagonally with 
opaque lines at right angles to one another, the distance between them and their 
thickness being approximately equal. 

Halo Effect.—Piling up of ink at the periphery of printed letters with a lack 

in the center. 
Hexabromide Number.—The weight percentage of precipitate detained by 

treating fatty acids with bromine. It is said to be an indication of the proportion 
of acids which contain three double bonds, e.g., in linseed oil. 

Hue.—Effect resulting from the admixture of a small proportion of one color 

with another. 
Hydrogen Ion Concentration or pH.—An indication of the acidity or alkalinity 

of a liquid. Thus pH 6 is acid, pH 7 neutral, and pH 8 alkaline. 
Hydrophilic Colloids.—These are also designated as lyophilic or reversible, and 

will redissolve after removal of solvent at atmospheric temperature. 
Hydrophobic Colloids.—7'hese are also designated as lyophobic or irreversible 

colloids and will not rcdissolve after removal of .solvent at atino.si)heric temperature. 
Impression Cylinder.—The roller of an offw^t printing [)ress which presses the 

paper into contact with the blanket cylinder. 
Indelible Ink.—Compositions which are made water- and alkali-fast. 
India Ink.—Consists essentially of a dispersion of carbon black in water. 
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Induction Period.—The initial period of drying an oil during which no percep¬ 
tible physical changes take place in the oil. 

Induline Bases.—Substances prepared from amidoazobenzene, aniline and aniline 
hydrochloride. 

Ink Compounds.—Materials added to remedy deficiences in the ink vehicle or 
pigment. 

Ink Fountain.—The container or well which supplies ink to the inking rollers. 
Inkometer.—An instrument indicating the consistency of an ink in terms of the 

frictional torque of the ink between rollers wet with the ink. 
Intaglio Printing.—Printing with an engraved plate on which the ink to be 

transferred is found in the depressed areas of the surface. 

Interfacial Tension.—The contractile force existing at the interface of two 
immiscible liquids. 

Iodine Number.—The number of centigrams of halogen, calculated as iodine, 
which under specified conditions react with one gram of substance. 

Isoelectric Point.—The hydrogen ion concentration at which a colloid is 
unchanged, i.e., will not migrate in the electric field. 

Lake.—Organic coloring agent precipitated on a substrate. 

Leafing.—The phenomenon of metal flakes, when admixed with oil or varnish, 
rising to the surface and forming a continuous film resembling that of fallen leaves. 

Length.—The property of an ink whereby it will stretch between two surfaces 
without breaking. 

Letter Press.—See Platen Press. 
Light-fastness.—The resistance of printed or colored material to the action of 

sunlight or artificial light. 

Line-etching.—A print made up of lines or pigmented areas and lighter spaces 
free from shading. 

Linot3rpe Printing.—A process utilizing slugs of metal on which are cast the 

letters for a whole line of print. 
Linseed Oil.—Oil pressed from flax seeds. Surface.s of this oil exposed to air 

dry to tough fdms. It is a woll-known ingredient of printing inks and paints. 
Liquefying Stress.—The ease with which concentrated inks can be liquefied by 

re-milling after storage. 
Liquid Rosin.—See Tall Oil. 
Lithographic Chalk.—A greasy crayou for drawing designs on a lithographic 

plate prior to etching and composed of soap, wax. oil and lampblack. 
Lithographic Stones.—Slabs of limestone, three or four inches thick, the sur¬ 

faces of which are smoothed or grained, for use in lithographic printing. 
Lithographic Varnish.—Linseed oil which has been bodied by heating until it 

possesses a definite degree of visco.sity. 
Lithography.—A printing process involving employment of stone or metal plates 

whose ])rinting surfaces are partly water-repellent and partly ink-repellent. 
Livering.—The flocculation and coagulation of inks as a result of gelatinization 

of the vehicle. 
Mahogany Sulphonates.—Oil-soluble sulphonates obtained in refining certain 

petroleum distillates with sulphuric acid. 
Make-ready.—Sec Backing. 
Mass-tone.—The color of an ink in bulk. 

Mezzotints.—Prints made from ground {c.g., crossed in several directions with 
knife-edge cuts) copper plates, the burred surface of which is scraped away to 

create the design. 
Mineral Oils.—Oils of petrohum origin. 

Mineral Spirit.—Low'-boiliiig distillates of mineral oils. 

Minium. An old term for litharge. 
Misting.—A mist or fog of ink droplets in the vicinity of the printing press. 



492 PRINTING INKS 

Monot3rpe Printing.—Process of printing from mechanically assembled pieces of 
type each of which bears one character. 

News Ink.—Inks used for high-speed printing of newspapers. 

Newsprint.—The unsized, absorbent paper list'd in newspaper printing. 

Non-drying Oils.—Those oils which do not form tough surface films on stand¬ 
ing exposed to the atmosphere in thin layers. 

Offsetting of Inks.—The transference or smearing of ink from freshly printed 
matter to another surface with which the undried prints come into contact. 

Offset Paper.—A variety of printing paper especially sized for offset lithogra¬ 
phy; it is non-curling and absorptive. 

Offset Printing.—A modification of lithography in which the ink is transferred 
from a curved lithographic plate to a rubber pad which in turn contacts the paper. 

Oil—A general term which, when referring to emulsions, signifies that a liquid 
is immiscible with water. 

Opacity.—The property of absolutely stopping the transmission of color or light 
from another source. 

Overprinting.—Application of a varnish or lacquer to printed material from 
typographic or lithographic processes, by brushing, spraying or by roller-coating. 

Oxidation of Lithographic Plates.—Corrosion of plates by atmospheric oxygen, 
occurring in irregular spots because of the presence of impurities. 

Pantone Printing.—Planographic printing process using plates having merciiry- 
or amalgam-coated, non-printing areas. 

Pellicle.—A thin skin membrane. 
Photoengraving.—Process for producing a design a sensitized metal plate 

by placing a transparent negative between the plate and a source of light. The 
areas not rendered water-insoluble by light are washed and etched with acid 
solutions. 

Photogenic Property.—The tendency of a pigment to darken on exposure to 
sunlight and to be rebicached on being placed in the dark. 

Photogravure.—Process for making prints from photomechanically prepared 
intaglio plates. 

Photolithography.—Process utilizing surfaces which, under the .selective action 
of light, are transformed from a water-receptive to a water-repellent and ink- 
receptive nature. 

Picking.—The adherence of a sheet of paper to the plate, due to the tack of 
the ink. 

Pigment Dyestuff.—Insoluble organic coloring agent with no lake-forming 
properties. 

Pigments.—Substances or mixtures of substances which impart color and opacity 
to inks. 

Pinolein.—See Tall Oil. 
Planography.—Printing processes which are dependent upon the fact that an 

oily ink will not adhere to water-moistened, non-design areas of a level plate but 
will wet design areas treated with a greasy ink or varnish. 

Plate Cylinder.—That roller of an offset printing press which bears the printing 
plate. 

Plateless Engraving.—A typographic printing process in which densely pig¬ 
mented ink on printed sheets is dusted with a powdered resin of low melting point. 
After siirplus powder has been blown from the paper, heat is applied to fuse the 
resin and yield characters which are raised above the paper. 

Platen Press.—A press which prints a single sheet by pressing the latter against 

an entire frame or ‘‘chase” of type at the same moment. 

Polimerisado Oil.—A bodied Brazilian liquid oiticica oil. 
Polymerization.—^The union of like or unlike polyfunctional molecules, with 

or without the elimination of some simpler substance, e.g., water. 
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Prepared Linseed Oil.—Linseed oil which has been treated with litharge and 
other chemicals. 

Printing Strength.—A relative value indicating how much ink is required to 
give an equal depth of tint to a definite amount of white ink as compared with the 
same amount of a standard ink of the same consistency. 

Protective Colloid.—A stable colloid present in excess which protects another 
colloid, normally unstable, from precipitation by coagulating influences. 

Protective Factor of an Antioxidant.—^The proportion of millimoles of peroxide 
per kilogram in untreated oil to that in the oil containing an antioxidant. 

Pulldown.—A small amount of ink placed on paper and spread over it with a 
fast stroke of a special knife. 

Purified Stand Oil.—See Tekaols. 
Reducers.—More or loss volatile compounds drying by evaporation and pene¬ 

tration, employed to bring (he varnish to the proper tack and consistency for use 
on the press. 

Refractive Index.—The ratio of the sines of the angles formed by the incident 
and reflected light beams with the ordinate as measured by means of a refrac- 
tometer. 

Releasing Liquid.—A term employed to designate a base for receiving printed 
matter, which base later can be removed by treatment with a solvent, e.g., water or 
alcohol. 

Relief Printing.—Process utilizing those portions of the matrix which are in 
relief for taking ink from a supply roller and transferring it to the surface to be 
printed. 

Resist.—The composition used on the non-printing portions of a planographic 

plate. 
Reticulation.—The crepc-like api>oarance of the surface of the colloid on collo¬ 

type plates. 
Rolling Up.—The ai)plication of ink to a plate by means of a roller. 
Rosin Oil.—A viscous oil obtained from the destructive distillation of rosin. 

Rotary Press,—High-si)eed presses which pass continuously naming webs of 
paper between an impression cylinder and the curved printing form on the plate 
cylinder. 

Rotogravure Printing.—A form of intaglio printing which employs a curved, 
etched copper plate on a cylinder press. 

Rub-ofi.—Ink on printed sheets after sufficient drying which smears or comes 
off on the fingers when handled. 

Safety Inks.—Mixtures of a drying oil ink with an aqueous solution of a water- 
soluble color. 

Saponification Number.—The number of milligrams of potasshim hydroxide 
required to saponify one gram of oil. 

Screens.—See Half-tone Screens. 
Scumming.—A film fornn d over non-printing areas of lithographic plates which 

will not repel ink. 
Sensitizer.—An agent which cleanses the ink-repellent, non-printing areas of 

lithographic printing plates. 
Setting.—The partial drjdng of an ink film by slight absorption of the vehicle 

by the paper. 
Shade.—A gradation of color resulting from the admixture of a small amount 

of black. 
Shale Oil.—The crude tar from bituminous shale. 
Short Ink.—A highly pigmented ink which is stiff and cannot be drawn out 

to a thread. 
Show Through.—The transparency of printed sheets as a result of the pene¬ 

tration of oily materials present in the ink. 
Siccatives.—Sec Driers. 
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Size.—Composition applied to paper to fill up the space between fibers and to 
produce a smooth surface. 

Skinning.—The formation of a dried layer or film on the surface of the ink 
after a period of standing. 

Slip Sheet.—A sheet of paper placed between freshly printed sheets to pre¬ 
vent smearing of the ink. 

Soft Ink.—Printing composition exhibiting an almost complete absence of tack. 

Solvent Naphtha.—A low-boiling hydrocarbon coal-tar distillate. 
Spar Varnish.—Water-resistant varnish consisting mainly of a drying oil 

linseed oil) and resinous bodies such as rosin or the glycerol esters thereof (ester 
gum). 

Specific Gravity.—The comparison of the weight of a given volume of material 
with the weight of an equal volume of water under the same conditions. 

Stand Oil.—A drying oil which has been heated until a desired viscosity has 
been obtained. 

Stereotjrpes.—Printing plates cast in one piece from a heat-dried papier-mache 
matrix containing the impression of the assembled type. 

Stippling.—Engraving by means of dots in distinction from engraving in lines. 
Strike Through.—Penetration of ink to the back side of the paper. 
Substrate.—Base on wdiich organic coloring agents are precipitated to form lakes. 
Sulphite Pulp.—Material produced by the action of calcium bisulphite on wood. 
Sulphite Waste Liquor.—The aqueous residue from treating wocxl chips W'ith 

solutions of sulphurous acid and calcium acid sulphite. 
Swedish Olein.—Sec Tall Oil. 
Sympathetic Ink.—Novelty ink which is invisible. 

Tack.—That property of cohesion between i)articles of an ink that can be 
described as the pulling power of the ink against anothcT surface. 

Tall Oil.—A dark brown, viscous, oily liquid obtained as an alkaline wiisto- 
liquor in the sulphate process of making wood p\dp. 

Tallol.—See Tall Oil. 
Tekaols.—Linseed stand oils from which the low-polymerized (saturated), 

highly dispersed phase has been removed. 
Thiocyanate Number.—An indication of only part of the double bonds presimt 

in the oil as based on the selective addition of thiocyanogen, (SCN)2. 
Thixotropy.—The isothermal reversible decrease of viscosity with shear. 
Throwing Out.—See Gas Crazing. 
Tint.—A gradation of color, lighter in appearance than the normal spectnim 

color or hue thereof, which is created by mixing the color with white. 
Toners.—Organic pigments containing no inorganic pigments or inorganic carry¬ 

ing bases. 
Toptone.—The color reflected by the surface of an ink. 
Transfer Paper.—The temporary backing employed in decalcomania. 
Transfer Printing.—See Decalcomania. 
Transparency.—^The property of an ink which permits color or light from 

another source to pass through it. 
Transparent Inks.—Inks with little covering power, e.g., aniline inks. 
Turkey-red Oil.—The reaction product of sulphuric acid and castor oil. 
Tuschc.—See India Ink. 
Tympan.—The roller opposite the printing roller on a rotary press over which 

the paper web passes. 
Tympan Sheet.—A sheet of paper or cloth placed between the impression sur¬ 

face (platen or cylinder press) and the paper to be printed. 
Typography.—Processes of making an impression using a raised, pigmented sur¬ 

face, from type, line-etchings, half-tones or rubber stamps. 
Undercutting.—The action of etching solution on the sides of the resist of 

photomechanically prepared plates. 
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XJnderhuc.—See Undertone. 
Undertone.—The u])pe{iranee of an ink when present as a thin coat on a white 

background. 
Varnish.—See Stand Oil. 

Vat Dyes.—Those dyes which are insoluble in water, dilute acids, and alkalies 
but which, on being n'duced, form a “color base’’ soluble in alkaline solutions. 
Exposure of material dyed with such a color base produces the original colored 
compound by oxidation. 

Vehicle.—The liquid material holding and carrying the pigment and providing 
good workability on the press. 

Viscosity.—Resistance to flow, /.c., the tangential force on a unit area of either 
of two horizontal ])lanes at a unit distance apart required to move one plane at 
unit velocity in reference to the other plane, the space between being filled with 
the vi.scous substance. 

Washing Out.—The removal of the original greasy ink on the design areas of 
etched lithographic i)lates. 

Web.—A roll of i)aper which passes continuously through a printing press. 
Wetting Agent.—See Dispersing Agent. 
White Spirit.—Low-hoiling hydrocarbon distillate, usually of petroleum origin. 
Winded.—The separation of printed sheets so that they will be ventilated by air. 
Winterized Oils.—Oils (c.g., fish oils) which have been stored in a cold place 

for a long time to allow the solid (be., mostly saturated) components to settle out. 
Woodcut.—A woo<len printing plate the image of which has been left in relief 

by cutting away the background. 
Wrinkling.—S('e Gas Crazing. 
Xylography.—The ait of printing with wood(‘n blocks. 
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- in remdn nl of ink from waste paper, 481 

. in treatment of temporary transfer base, 316, 
318 

—, in water-soluble transfer ink, 329 
—, in wdKKl grain printing, 395 
—, livering retardlant, 126 
—, properties, 289 
—. protective colknd for emulsion inks, 334, 336. 

337. 341, 344 
—. surface-activity of. 335 
Albuminic acids in emulsoid inks, 345 
Alcohols, aliphatic, in vehicle for transfer ink, 325 
—, aromatic, in vehicle for transfer ink, 325 
—, ns antioxidants, 123 
—, ns emulsifying agents, 338, 342 
—. as protective colloids, 334 
- . from natural resins, 133 
—, in gravure inks, 281 
—, in ink removal from waste paper, 482 
—, in linseed oil varnish substitutes, 222 
—, see also individual alcohols, methyl, ethyl, etc. 
.Aldehyde resins, as binding agents, 281 
Aldehydes, solubility of nitrocellulo.se in, 235 
Aliphatic acids, as antioxidants, 122 

507 
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Aliphatic acids, as driers, 105 
—, as emulsifying aKcnts, 338 
—, «ee also individual acids 
Alizarin, as pigment, 81 
—, preparation. 169 
—, properties, 169 
Alizarin lakes, preparation, 161 
—, pi^ent properties of, 161, 162 
Alizarin Saphirol B, pigment, 383 
Alizarine oil, define<{, 487 
—, in drying-oil inks, 215 
Alkal, as an emulsifying agent, 343 
Alkali Blue, pigment properties of, 164 
—, preparation, 164 
Alkalies, effect on chrome yellow, 139 
—, effect on ochre, 140 
—, for stabilizing transfer inks, 327 

in encaustic inks, 41 
—, in paper, action on acid pigment, 476 
—, —, effect on printing, 472 
—, in remoN ul of news ink from paper, 480 
—, in water-base inks, 276 
—, resistance of pigments to, determination of. 

470 
Alkali halides, in sympathetic inks, 40.5 
Alkali hydroxides, as saponifying agents, 277 
Alkaline dichroinate, in typographic inks. 344 
Alkaline earth soaps, in overprint varnishes. 127 
—, in water-in-oil emulsions, 332 
Alkaline mucilage, in drying-oil inks, 207 
Alkali-proof inks, vehicles for. 67 
Alkali resinntes. in intaglio inks. 279 
Alkali salts, in drying-oil inks, 21.5 
-in lithographic varnish, 116 
Alkali soaps, in oil-in-water emulsions, 332 
Alkyd resins, effi'ct of driers on, 106 

, effect on carbon black absorption, 179 
in aniline inks, 355 
in ink vehicles, 87 

. in intaglio inks, 280, 281 
, in overprinting varnishes. 373 

in planographic inks, 249 
, in quick-drving inks, 233 , 234 , 230 
, in roller compositions, 438 
, in stencil pastes, 116 

livering of pigments with, 126 
modifiefl by drying oils, preparation, 132 
preparation, 132, 439 
water resistance of, with phenol resins, 132 

Alkylate<l fatty acid amides, as protective col¬ 
loids, 334 

Alkylbenzenes, in planographic inks, 249. 260 
Alkylcdluloses, in quick-dr\'ing inks, 230 
Alkylene oxides, as emulsifying agents, 338 
Alkylnaphthalenes, in planographic inks, 260 
Alkylnaphthalenesulphonic acid, dispersing agent 

403 
—. effect on fluidity of inks, 112 
Alkyl radical, as an antioxidant, 124 
Alloys, use in mixing drying-oil inks, 211 
Alphasol, as a wetting agent, 333 
Alum, bodying agent in planographic inks, 259 
—, effect on dyes in ink, 476 
—, in indelible paper ink, 399 
—, in meat-marking ink, 392 
- in paper, saponification of ink vehicle by, 472, 

476 
—, use, in preparation of chrome green, 144 
—, —, in sensitization of zinc plates, 243 
—, washing solution for printing forms, 25.5 
Alumina, in planographic inks, 245 

matting agent for intaglio inks, 275 
Alumina gels, protective colloid, in emulsion inks, 

333 
Alumina hydrate, extender, 154, 155 
Aliirninon, in aluminum test, 458 
Aluminum, adsorption of gum arabic, 244 

catalyst, fonnation of resin pigments, 178 
—, drier component, 104 

hiding power, 152 
—, in baryj^, 153 
—, in fabric inks, 389 

in inks, determination of, 458 

Aluminum, in lithographic inks, 349 
—, in transfer ink, 817 
- metallic pigment, 858 
Aluminum acetate, in drying-oil inks, 215 
Aluminum urabinate, in preparation of litho¬ 

graphic plates, 243 
Aluminum bronze, see aluminum powder 
Aluminum chloride, catnlvtic polymerization with, 

84 
coagulant for rubber trnn.'<fcr ink, 329 

Aluminum dust, adlit^ive in emulsion inks, 334 
Aliimimim foil, printing on, 381 
Aluminum halules, catalysts, polyTiierizution of 

rubber, 231 
- dispel sing agents, 147 
Aluiniiniin hydrate, effect on drying of inks, 106 
- , extender, 149, 154 
- , in cpiick-drying inks, 232 
- , sec also alumina hydrate and aluminum hy- 

droxitlo 
Aluiniiiiiin hydroxide, effect on currency inks, 408 

, extender, 165 
- for prevention of offset, 427 

. Ill emulsion inks, 346 
, in glo.ss-finish inks, 412 

—, in heut-sensitive inks, 404 
—, in intaglio mks, 281, 282, 338, 349 

, m overprint varnish, 371 
, in planographic inks, 251 
, in sympathetic inks, 405, 406 
, .substrate, 160 

Aluniimim ink, driers for, 106 
- . for <hill-conte<l paper, 367 
Aluininuin kettles, effect on varnish oils, 370 
AUuniniiin naphthenate, drier, 126 
—, liveiiiig retardant, 126 
.\luminum oleate, effi^ct on viscosity of inks, 116 
—, emulsifying agent, 333 

in mineral-oil inks, 224 
Aluminum oxide, catalyst, dehydration of castor 

oil, 71 
—, . - cotton8ee<l oil. 83 
—, gram size of, 398 
—, in embo.ssing inks, 398 
Aluminum palmitate, effect viscosity of inks. 

116, 370 
' emulsifying agent, 333 
Aluminum phosphate, coaling for laked dyes, 158 
—, in stencil ink, 415 
Aluminum plates, for offset printing, 26, 27, 240, 

252, 261, 298, 382 
, - . preparation of, 253, 254 
. sensitizing agents for, 243 

Miiininum powcler, composition, 362 
, di> ing inhibitoi, 416 
, for prevention of off.set, 318 

m drying-oil inks, 202 
, in lithographic inks, 349 

—, in transfer inks, 321 
manufacture, 361 
pigment, 152, 250, 263, 361, 372, 397 

Aluininuin resinnte, effect on viscosity of inks, 116 
in typographic inks, 342 

Aluminum salts, in ribbon inks. 416 
Aluminum silicate, extender, 154 
Aluminum soaps, driers, 101 
—, emulsifying agents, 332, 341, 342 
—, in hectograph inks, 412 
- , swelling agents in drying-oil inks, 206 
Aluminum stearate, effect on viscosity «»f inks, 

116, 370 
—, emulsifying agent, 147. 333, 346 
—, fonnation of alumina gels by, 333 
—, in intaglio inks, 284 
- in mineral-oil inks, 224 
' in planographic emulsion inks, 348 
Aluminum sulphate, in coating of laked dyes, 158 
—, in hf*<;togrnph inks, 412 
—, in mineral-oil inks, 224 
—, in preparation of alumina hyilrate, 154, 160 
—, livering retardant, 126 
—, moistener for lithographic plates, 258 
Amalgamated plates, planographic inks for, 255 
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Antulcniit inkM, defined, 411 
Amaruitlh, properiieN, 169 
Amber, in quick-dryinK printin« inks, 232 
Ainberol, in intaKlio inkn, 239 
American vermilion, properties, 169 
Ami(ie-forinaldchy(ie resins, in quick-drying ink.s, 

Amides, as dispersing agents, 113 
Amido sulphuric esters, as wetting agents, 113 
Amines, as emulsifying agents, 115, 338 
—, in intaglio inks, 339 
Arnino-acids, in cheese, effect on inks, 458 
—, wetting agents, 115, 147 
Aniinqazotoluene, for printing on metal, 383 
p-Aminobenzenesulphonic acid, effect on livering, 

125 
2-Ainino-5-chloro-p-toluene8ulphonic acid, in 

preparation of Red Lake C, 164 
p-Aminodimethylaniline-thiosulphonic acid, in 

hectograph inks, 417 
Amino group, antioxidant properties, 129 
Aminoplost resin, in quick-drying inks, 234 
Aminotriaziiieformaldehyde resins, in printing inks, 

132 
.Ammonia, emulsifying agent, 115 
- , for treatment of glass as permanent tiansfei 

base, 320 
—, m albumin coatings, 254 

, in aniline inks, 354 
m cheese, effect on inks, 458 

-, m intaglio inks. 277, 279, 337, 339, 340 
—, m preparation of phthalocMuiine, 166 
—, in rubber plate inks. 410 
—, in soft-paper inks, 388 

in sympathetic ink.s, 405 
~. in typographic ink, 343-345 

lemoval of ink from waste paper by, 481 
Ammomated casein, in pliotogra\ ure inks, 349 
.Ammonium acid phosphate, in planographic inks, 

347 
Amiiiomum alginate, for treating temporary' trans¬ 

fer bases, 319 
.Ammonium bichromate, for coating lithographic 

plates, 254 
—, for photosensitizing colloids, 286, 289, 290, 294 
- . in preparation of deep etched plates, 303 
.Ammonium carbonate, in aniline ink.s, 354 

in ribbon inks, 416 
in rubber plate inks. 410 

Ammonium chloride, in prepaiation of iron blue, 
141 

-in lithographic inks, 346 
-, in ribbon inks. 416 

.Ammonium chromate, ucc annnomum bichromate 

.Animonium c>'menesulphonate, ni fruit-marking 
ink.s, ,392 

.Ammonium hvdroxide, aqueous, diffusion of car¬ 
mine in, 214 

-, in intaglio inks, 277 
—, in metallic inks. 364 

in preparation of le.^ins, 231 
—, in stamp pad inks. 414 
—, in tran.sfer printing, 313 
—, in type-cleaning compoumls, 421 

in wood-printing, 395, 396 
Ammonium linoleate, cinul.sifying agent, 421 
.Ammonium nitrate, in etching .solutions, 245, 2.56 
Ammonium oleate. in emulsoicl inks, 348 

in fabric-printing inks. 388 
Ammonitun phosphate, for lithographic plates, 2,56 
.Ammonium .salts, wetting agents, 191 
Aminonium stearate, in stencil pa.sles, 116 
.Amnionitim sulphate, in preparation of iron blue. 

141, 142 
—, in treatment of gla.s8 for use as permanent 

transfer ba.se. 320 
.Ammonium sulphocvanide, in sMnpathetic inks. 

405 
—, in treatment of glass as permanent transfer 

base. 320 
.Amyl acetate, cellulose ester solvent, 375 
—, cellulose nitrate solvent, 296, 382 
—, for extraction of stand oils, 60 

Amyl acetate, in inks for cellulose esters, 376 
—, in metallic inks, 362 
—, ill quick-drying inks, 232 , 233 
—, in transfer ink, 315, 3^ 
Amyl alcohol, for extraction of stand oils. 60 
—, in intaglio emulsoid inks, 337, 338 
—, in planographic inks, 260 
—, in quick-drying inks, 232 
—, interfacial tension with water, 332 
—, wax precipitant for petroleum distillatc^s, 130 
Amylbenzene, in quick-drying inks, 226 
Amyl lactate, in planographic inks, 249. 260 
Amyl tartrate, drying inhibitor, 413 
Anacardium nuts, black ink from, 414 
Anethole, drier, 110 
Anhydrite, extender, 140 
Aniline, antioxidant, 123 
—, in hectograph inks, 417 
—, in ink remover, 441 
—, in offset printing, 128 
—, m niineial-oil inks, 219, 223 
—, in planographic inks, 249, 255 
—, in preparation of Methyl Violet, 158 
-, in quick-drying printing inks, 232 

—, in ribbon inks, 416 
—, in safety inks, 407 
—, interfacial tension with water, 332 
—, in wash mix for offset blankets, 268 
—, toxicity, 434 
Aniline chlorate, in fabric marking ink, 398 
Aniline black, in book-printing inks, 177 

in lithography, 250 
Aniline color, in drying-oil inks, 199 
—, in embossing inks, 397 
Aniline cymenesulphonate, in fruit-marking inks, 

392 
•Aniline dyes, in copying inks, 321 

, in gloss-finish inks, 412 
—, in mineral-oil inks, 220 
—, in rubber-printing inks, 387 
-, in stamp-pad inks, 414 

- -, tannin lakes of, 3^ 
.Aniline hydrochloride, in safety inks, 407 
.Aniline inks, advantages, 351 
—, composition, 350 

. ilefined, 487 

. disadvantages, 350 

. for printing on cartons, 477 

. manufacture, 356 
, plates for, 358 
, presses for, 357 
, iraiihparent, 357 
, u.>>es. 356 
, vehicles for, 477 

.Aniline oil, in fabric marking ink, 398 
—, in indelible ink, 399, 400 
Animal fat, in drymg-oil ink, 215 
—, in glass-printing inks, 380 
Animal glue, m intaglio inks, 280 
Animals, skins use<i as writing material, 38 
Ani.seed oil, in transfer ink, 328 
Anisole, in ink remover, 441 
.Anthracene, in fluorescent ink, 402 
—, in mineral-oil inks, 220 
Anthracene oil, in dr>ung-oiI inks, 199 
• , in mineral-oil inkis, 220 
Anthracite coal, in mmeral-oil inks, 220 
Anthraquinone, in fruit-marking inks, 393 
Anti-agers. use in drying oil-rubber ink, 201 
Anti-chalking agent, zirconium, 104 
Anti-gellmg agents, dipentene, 125 
.\ntimony, printing surface, 440 
Antimony halides, catalysts, polymerization of 

rubber, 231 
Antimony hydroxule, in quick-drying inks, 226 
Antimony oxide, in quick-drying inks, 226 
Antimony potassium tartrate, in preparation of 

lakes^ 159 
Antioxidant, amines as, 120 
—, dipentene as, 119 

hydroquinone as, 125, 268 
—, methylcyclohexanol as, 119 
—, a-naphthol as, 124 
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Antioxidant, jS-naphthylamine as, 124 
—, phenols as, 120 
—, p3rrocateohol as, 120 
AnUoxidants, action of driers on, 100 
—, defined, 487 
—, effect on driers, 120 
—, order of activity, 121, 124 
—, properties of, 123 
—, tests for 123, 457 
Antioxidative action, measurement of, 129 
Antioxidative effect, explanation, 124 
Antique paper, defined, 487 
—, half-tones on, 484 
—, printing on, 306 
—, treatment, 360 
Antiseptic paper towels, inks for, 388 
Antiskinning agent, defined, 487 
—, dipentene as, 119, 208 
—, guaicol as. 208 
—, methylcyclohexanol as, 110, 208 
—, pyrocat^iol as, 208 
Aplastic anemia, from benzene and xylene, 435 
Apple rind, m encaustic inks, 41 
Aqua fortis, tee nitric acid 
Arabia, gall inks from, 42 
Arachidic acid, in safflower oil, 80 
—, in stillingia oil, 81 
Aralkylsulphonic acids, wetting agents, 342 
Aridyne, defined, 108 
Arochlors, effect on viscosity of inks, 118 
—, properties of, 118 
Aromatic acids, as antioxidants, 123 
Aromatic alkylated acids, as driers, 105 
Aromatic amines, effect on oxidation of linseed 

oU, 120 
oxidation inhibiting properties, 121 

Aromatic arylated acids, as driers, 105 
Aromatic benzyl bases, effect on printing inks, 127 
Aromatic keto acids, as drier, 105 
Aromatic hydrocarbon-base inks, 274 
Aromatic hydrocarbons, emulsifying agents, 343 
Aromatic hydrocarbon salts, emulsifying agents, 

343 
Arsenic, in printing ink, 436, 458 
—, toxicity, 434 
Arsenic acid, m preparation of laked dyes, 159 
Arsenious acid, in preparation of hydratixl chro¬ 

mium oxide, 145 
Arsenious sulphide sols, effect of colloids on, 335 
Ascaroid, dispersing agent, 113 
Ash content, carbon blacks, 185 
Askanite, catalyst, dehydration of castor oil, 71 
Asphalt, antidusting agent for lampblack, 
—, binding agent, drying-oil inks, 199, 205 

—, intaglio emulsion inks, 280, 337, 338, 339 
—, ~, intaglio inks, 275 
—, —, metallic inks, 363 
—, —, mineral-oil inks, 219, 220, 221, 222, 224 
—, —, planographic emulsion inks, 346 
—, —, planographic inks, 248, 252 
—, —, transtOT inks, 321, 326 
—» —» typographic emulsion inks, 341, 343 
—, pigment, drying-oil inks, 199, 205 
—, —, intaglio inks, 31, 34 
—, powdered, use in making plates, 16, 22, 23 
—, properties of, 221 
Asphaltmes, ink stabilizers, 129, 130 
Asphaltic bw oils, in newspaper inks, 217 
Asphaltic oil, in drying-oil varnishes, 83 
Asphaltum, in indelible paper inks, 399 
—, in intsi^io inks, 339 
—, in preparation of offset plates, 245, 303 
Asssrrian Asphaltum, in printing inks, 219 
Assyrians, use of cuneiform blocks in early writ¬ 

ings, 37 
Atmosphere, moist, activity of linoleate and res- 

inate driers in, 105 
Atmospheric conditions, effect on inks, 35 
Auramine, in aniline inks, 351 

pigment, 158 
Auramine O, in fluorescent inks, 250, 251 
Autocstalysts, formation, 248 
Autographic inks, preparation of, 251 

Autographic printing, 251 
defined, 487 

Automatic presses, flow of ink in, 33 
Autopolymerization, 57 

defined, 487 
Autotype, defined, 487 

films for, 290 
—, oil glass, 381 
Autoxidation, 57, 225 
Auxoantioxygenophoric groups, antioxidants, 124 
Azo dyes, in aniline inks, 351 
Azo dyestuffs, 164 
Azo Fuchsine, 383 
Azohumic acids, in newspaper inks, 217 

Babylonians, use of cuneiform blocks in early 
writings, 37 

Backing, defined, 487 
Bacterial decay, in resins and gums, 341 
Bakelite A, in fruit-marking ink, 392 
—, tee alto phenol-formaldehyde resins 
Baking ink, use of iron drier in, 104 
Balata, emulsifying agent, 115 
—, in drying-oil inks, 201 
—, in intaglio inks, 284 
Ball mills, for grmdmg inks, 191, 272, 418 
Balsam of Capivi, in 19th century printing inks, 

44 
—, tee alto copaiba 
B^sam, m dryin^-oil ink, 208 
—, m glass-printing inks, 380 
Barium carbonate, in preparation of blanc fixe, 

155 
Barium chloride, dispersing agent, 115 
—, m preparation of blanc fixe, 155 
—, — laked dyes, 160 , 403 
Barium chromate, in bank-note ink, 409 
—, in preparation of chrome yellow, 139 
Barium hydroxide, in offset inks, 269 
—, in pigment pastes, 349 
Barium oleate, in rotogravure inks, 347 
Barium peroxide, in ink removal from waste 

paper, 481 
Barium stearate, in mineral-oil inks, 224 
Barium sulphate, effect on covering power, 117 
—, —- d^ing oils, 248 

— offset, 117 
— oil absorption, 117 
extender, 31, 153, 155 

—, in currency-printing inks, 408 
—, in drying-oil inks, 207 
—, in mineral-oil inks, 223 
—, in preparation of cadmium red, 138 
—, in preparation of lithopone, 148 
—, in quick-drying inks, 233 
—, tcc alto baiyte 
—, tee alto blanc fixe 
—, substrate for laked dyes, 117 
Barium sulphide, fluorescent properties of, 401 
—, in preparation of lithopone, 148 
Baryte, extender. 153 
—, in intaglio inks, 276 
—, in mineral-oil inks, 224 
Bases, temporary, for transfer printing, 311 
Basic alkyd resins, compatibility with cellulose 

acetate, 131 
—, use of, 131 
Basic dyes, defined, 487 
—, water-soluble, pi^ents from, 157, 158, 351 
Bauxite, in transfer ink, 316 
Bayberp^, pigment lubricant, 233 
Beckaoite, binding agent in intaglio inks, 282 
Beer wort, in encaustic inks, 41 
Beeswax, for treatment of temporary transfer 

base, 319 
—, in drying-oil inks, 203 
—, in metal-printing inks, 383 
—, in indelible paper inks, 309 

in India ink, 253 
in lithographic crapons, 244 

—, in medicated printing ink, 128 
—in overprint varnishes, 117, 827 
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Beeswax, in planographic inks, 259 
—, in plate preservative, 287 
—, in quick-drying inks, 232 
—, in soft-paper inks, 388 
—, in stencil ink, 415 
—, in transfer inks, 325, 326, 328 
—, in wash-out solutions, 245 
—, pressroom use, 420 
—, to inhibit mixing of ink and water, 434 
Beet sugar, for washing printing forms, 255 
Belgian buhrstone, for grinding inks, 418 
Bentonite, catalyst, dehydration of castor oil, 71 
—, emulsifying agent, 333 
—, in removal of ink from waste paper, 481, 482 
—, in transfer ink, 326 
—, substrate for lakcd dyes, 158 
Bcnzaldehyde, as drier, 110 

dispersing propeities, 114 
—, an ink remover, 441 
Benzamide, salts of, as stabilizers for driers, 102 
Benzanthrone, in fluorescent inks, 402 
Benzene, effect on rubber, 385 
—, for cleaning type, 420 
—, in fabric-marking inks, 399 

-, in fluorescent ink, 402 
, in intaglio emulsion inks, 337, 338 
, in intaglio inks, 271, 275, 282, 283 

—, in leather-printing inks, 395 
, in metallic inks, 365 

- in non-conducting inks, 410 
, in planographic emulsion inks, 347, 348 

- , in planographic inks^ 260 
, in preparation of driers, 101 
, — photosensitive asphalts, 290 
, in quick-drying inks, 231 
, in removal of ink from paper, 482, 483 
. in sympathetic inks, 406 
, interfacial tension with water, 332 

- -, in textile-printing inks, 388 
-, in wash-out solutions, 245 

—, in wood-printing inks, 396 
-, Methyl Violet from, 158 

, tee alto benzol 
-, solvent power for cellulose denvati\cs, 206 
-, toxicity, 434, 435 

transfer agent, 313 
-, use, in dispersion of piments, 191 

Benzene-azo-benzcne-azo-p-naphthol, “crawling” 
preventative, 128 

Benzene hydrocarbons, in intaglio inks. 275, 281 
Benzenesulphonic acid, in preparati«»n of t«Tpcnic 

ethers, 118 
Benzine, in drying-nil ink, 206 
—, in intaglio inks, 275, 276^ 282 
—, in overprint varnishes, 373 
—, in textile-printing inks, 390 
- , in transfer ink, 316, 320 
Benzo Fast Red L, pigment, 384 
Benzo Fast Scarlet 2, in stencil ink.s, 415 
Benzo Fast Yellow, pigment, 384 
Benzofurane, vehicle for metal inks, 364 
Benzoic acid, antioxidant, 124 
—, in typographic emulsion inks, 341 
—, toxicity, 435 
Benzol, in transfer ink, 318 
—, solubility of nitrocellulose in, 235 
Benzo Pure Blue, pigment, 384 
Benzopurpurine 4B, in magnesium te.st, 458 
Benzyl alcohol, in antioxidants, 125 

in intaglio ink, 283 
—, in metallic inks, 364 
—, in quick-drying inks, 226, 232 
—, in stamp-pad inks, 414 

in transfer ink, 321 
Benzylanilincsulphonic acid, in fruit-marking inks, 

393 
Bensylccllulose, coating agent for print«‘il film, 

877 
—, in transfer inks, 324, 327 
Berlin white, in prepnration of iron blue, 142 
Beta-oxy rods, properties, 168 
Beta-oxy Tobins, iiroperties, 169 
Bible paper, impression on, 484 

Biblia Pauperum, publication of, 42 
Bichroiiiated albumin, protective coating for, 373 
Bichroinated gelatin, use in photogra^■ure process, 

23 
—, use in relief printing, 23 
Biebrich Scarlet, in drying-oil ink, 215 
Binding agent, acaroid as, 277, 337 
—, acetylcellulose as, 231 
—, acrylic acid as, 132 
", albumin as, 337, 341, 388 
—, alkaline resin as, 279 
—, alkyd resins as, 129, 133, 231, 234 , 249 , 281 
—, aluminum hydroxide as, 346 
", asphalt as, 221, 337, 341, 346 
—, bird lime distillate as, 341 
—, casein as, 279, 334, 337, 341, 346 
—, cellulose acetate as, 234 
—, cellulose derivatives as, 231, 281 
—, chlorinated rubber as, 281, 346 
—, chlorobenzene as, 341 
", colophony as, 277, 279, 281 
—, copal resin as, 346 
—, coumarone resins as, 129, 133, 234, 249, 281, 341 
—, dammar as, 277, 337 
—, defined, 487 
—, dextrin as, 248, 337, 346 
—, ester gum as, 129 
—, ethylcellulose as, 234 
—, formaldehyde as, 396 
—, from natural resins. 133 
-, glue as, 334, 337, 388 
—, gum arabic as, 346 

gum lac as, 277 
—, gums as, 362 
", gum tragacanth as, 341, 346 
—, methacrylate resins as, 234 
", natural resins as, 362 
", nitrocellulose as, 234, 249 
—, oil-modified alkyd resins as, 230 
—, phenolic resins as, 129, M4 
—, polystyrene resins as, 132, 234 
—, resins as, 346 
—, rosin as, 277, 279, 337 

rosin oil as, 249, 362 
", rubber as, 231, 337 

shellac as, 281 
—, sulphite liquor as, 345 
—, .synthetic resins as, 277, 281, 337 , 362 
—, treated natural resins as, 130 
", urea resin as, 234, 281 
", vinyl resins a.s, 234, 281 
Bmding agents, effect on drying-oil inks, 204 
—, in drying-oil inks, 203, Jk)4 
—, in emulsion inks, 331, 334 
—, in intaglio emulsion inks, 337 
", in intaglio inks, 277, 279, 281 
- -, in metallic inks, 362 
", in mineral-oil inks, 221 
—, in planographic inks, 249 
—, in quick-drymg inks, 234, 237 
", in typographic emulsion inks, 341 
—, precipitation of, 237, 238 
Biphenyl, chlorinated, in vehicles. 87 
Birch, in lithographic matrices, 300 
Bird lime, emulsifying agent, 342 
—, preparation of, 342 
Bird lime distillate, in typographic emulsion inks, 

341 
Bismarck brown, in rotogravure ink, 347 
Bismuth phosphate, in vehicles, 129 
Bismuth, in printing surfaces, 440 
", use, in lowering melting point of tin-lead 

alloys, 211 
Bitumen of Judea, pigment, 290 
Bitumen powder, anti-dusting agent, 294 
Bitumens, as pigment, 31, 41 
—, in drying-oil inks, 205 
—, in mineral-oil inks, 219, 220, 222 
—, in special inks, 84 
Black, in steel mills, 273 
Black aniline colors, properties, 353 
Black copper, pigment, 379 
Black crayon, use, to diminate screen, 310 
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Black rosin, in drying-oil ink, 206 
Black union dye, 251 
Blanc fixe, extender, 149, 153, 155 

in quick-diying inks, 230 
“, in rubber inks, 410 

in stencil inks, 416 
matting agent, 275 

—, precipitation of pigment on and effect «»n 
driers, 106 

—, see also barium sulphate. 
Blancometer, 463 
Blanket, for offset printing, 302 
Blanket cylinder, definetl, 487 
Blanket problems, 438 
Bleachable inks, 394 
—, economic value of, 402 
—. manganese dioxide in, 178 
Bleaching, inks resistant to, 389 
—, of Methylene Blue, 457 
Bleaching agent, calcium h>'pochlorite os, in treat¬ 

ment of waste paper, 403, 481 
—, chlorine as, in treatment of waste paper, 403, 

481 
—, sulphur dioxide as, in treatment of waste 

paper, 403 
—, suphurous acid as, in treatment of waste 

paper, 481 
Bleedii^^, defined, 487 
—, during transposition of print to permanent 

base, 323 
—, elimination of, in transfer printing, 312 
—, in temporary transfer bases, 323 
—, of aniline iidcs, 350 
—, of drying-oil transfer ink, 326 
—, of spirit-soluble toners, 212 
—, prevention of, 247, 267 , 351 
—, tests for, 469 
Blown linseed oil, in typographic inks, 342 
Blown oils, defined, 4W 
Blue, in steel mills, 273 
Blue light, on silver emulsions, 295 
Blue lakes, 173 
Blue pigments, inorganic. 141, 173 
Bodied linseed oil, defined, W 
Bodied linseed oil extract, defined, 487 
Bodied oil, definetl, 47 
Body, defined, 488 
Body color, defined, 488 
Bodying, control by molecular weight detenuina- 

tions, 50 
—, of linseed oil, 47 
—, of oiticica oil, 69 
—, of tung oil, 64 
—, temperature for linseed oil. 54 
—, vacuum, 53 
Bixlying agent, alkyd resins as, 129 
—, copal as, 129 

coumarone resins as, 129 
—, dammar as, 129 
—, defined, 488 
—, ester gum, as, 129 
—, flour as, 280 

gum elemi as, 129 
—, gum kauri as, 129 

gum tragacanth as, 129 
—, magnesia as, 117 

phenolic resins as, 129 
—, quebrachitol, 82 
—, rosin as, 129 
—, starch as, 117 
Boiling, of linseed oil, 198 
Boiling point—evaporation relation, 454 
Bologna chalk, as a sticking inhibitor, 117 
—, in gloss-finish inks. 412 
Bond paper, stiff ink for, 199 
Bone black, manufacture. 174 
Book coverings, metal inks for, 358, 364 
Book inks, maltha in, 219 
—oxides in, 177 
Bwks, use of typography in printing, 195 
Borates, driers for half-tone inks, 105 
Borax, emulsifying agent, 115 

in amalgam inu. 411 

Borax, in aniline inks, 354 
—, in glass-printing inks, 380 
—, in ink remover, 441 
- in intaglio emulsoid inks, 337, 339, 340 
—, in intaglio inks, 279 
—, in metal inks, 362 

in mineral-oil inks, 224 
- . in non-inflammable inks, 410 

, in planographic emulsion inks, 346 
—, in planographic inks, 250 
- , in rubber plate inks, 409, 410 
- , in sympathetic ink, 405 

in transfer printing. 313 
—, in typographic emulsion inks, 344 
—, in wall-paper printing, 396 
Bordeaux B S, pigment, 161, 169 
Hone acid, hydmted chromium oxi<h‘ from, 145 
- , in glass-marking ink, 379 
- , in lithography, 255 
Borneol, m gravure inks, 285 
Borneo re.sins, in matte inks, 127 
Huron triHuoride, catalyst, polymerization, 84 , 223 
Boxwooil, in preparation of matrices, 300 
Brass, m fabric-printing inks, 389 
Bread, used with drying oil in early printing ink, 

43 
Break, defined, 49, 488 
—, method of removal, 49 
Break down, defined, 30 
Brightness, measure of, 463 
Brilliancy, of pigments, 156 
Brilliant Gieen, in aniline inks, 351 

pigment, 158 
Broken-tone negative, defined, 488 
—, description, 293 
Bromine, in halogenation of tung oil, 343 
Bronze, powdered, in transfer inks, 315, 317, 318, 

319, 321, 323 
—, —, pigment, 153, 349, 359, 397 
—, letardation of tarnishing of, 324 
Bioii/.e blue, pigment, 141, 408 
Bronze effi‘ct, black aniline colors, 353 
Bronze inks, for lithography, 250, 265 

m rubber plate ink, 409 
Bronzing machines, automatic, 368 
Brownian movement, of carbon black, 331 
Bulirstone, defined, 488 
Buhrstonc mills, for grinding inks, 191, 192, 272 
Bulbs, printing inks for, 378, 379 
Burgundy pitch, thickener, 364 
Bunn, iLse of, 19 
Burning, of linseed oil, 198 
Burning in, relief process, 294 
Burns, treatment of, 40 
Butene glycol monoethyl ether, ink vehicle, 231 
Butanol, in cellulose ester-printing inks, 375 
—, in ink stabilizers, 130 
—, in intaglio inks, 276, 283, 284 

m nitrocellulose-printing inks, 383 
- -, III quick-drying inks, 231, 232, 235 
—, solvent, for urea-formaldehyde resins, 132 

, —, Tekaolization, 60 
, ink vehicle, 88 

Butter, effect of resins on, 391 
- -, inks for wrappers, 390 
Butter fat, from cheese, effect on inks, 458 
Butyl acetate, cellulose nitrate solvent, 2M 
—, m anti-curling lacquer, for temporary transfer 

base, 315 
- , in cellulose ester-printing inks, 375 
—, in intaglio inks, 284 
—, in quick-drying inks, 231, 233 

-, in temporary transfer base, 317 
in transfer ink, 318 

—, evaporation standard, 454 
Butyl alcohol, see butanol 
Butyl “Carbitol,” inflammability, 430 
—, in overprint varnishes, 372 
' , in stamp-pad inks, 414 

see also diethylene glycol monobutyl ether 
Butylcellulose, in quick-drying inks, 1^0 
Butylene glycol, in stamp-pad inks, 413 
1.3-Butylene glycol, in lacquer-printing inks, 884 
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Butyl ether, in temporary transfer base, 310 
Butyl lactate, in linoleum lacquer, 393 

in overprint varnishes, 372 
—, in quick-drying inks, 233 

in stamp-pad inks, 413 
—, plasticizing agent, 118 
Butyl propionate, in cellulose ester-printing inks, 

376, 376 
Butyl stearate, dispersing properties, 114 
—, in slow-drying embossing ink, 398 
—, in transfer ink, 324 
—, scratch resistant in inks, 127 
Butyl tartrate, in transfer in^, 321, 325 

Cacao fat, in stamp-pad inks, 414 
C'admium, us pigment, 408 
- in zinc, 246 
('adium chloride, preparation of cadiurn Hiilpliide 

from, 138 
Cadiurn green, rubber pigment, 384 
Cadiurn lithopone, properties, 169 
Cadiurn lithopone yellows, properties, 170 
C'adiuin hmI, aniline ink pigment, 352 
—, as pigment, 135 
- preparation, 136 
—, properties, 136, 169 
Cadiuni salts, in amalgam inks, 411 
Cudiiim selenide, preparation of cadiurn red. ISO 
Cadiurn sulphide, as yellow pigment, 138, 384 
Ctidiuiii yellow, preparation, 138 
Calamus draco, tree, dragon’s blood from, 251 
Calcium, as drier component, 104 
Calcium bisuliihitc, in production of sulphite pulp. 

479 
Calcium carbonate, as filler, 409 

effect on offset, 117 
—, in standard white pigment, 459 
Calcium chloride, aqueous solution of, in dr.xiiu.' 

oil ink, 211 
—, in emulsion inks, 345 
—, in Iithogiaphic inks, 115, 257, 346, 347 
—, in mineral oil ink, 223 
—, in oil emulsion for lithographic ink, 115 
—, in stencil ink, 415 
—, in sweetening of coal tar, 222 
—, in sweetening of petroleum distillate'^, 221 
—, in sympathetic ink, 405 
—, in temporary transfer base, 318 

-, moisture determinant, 469 
—, sol\ent rcslrainer, 305 
Calcium fluoriile, ns extender for pigments. 151 
CuleiuiM glycerophosphate, as livering reiaidant, 

126 
('aleiiim gluronates, as livering retardant, 126 
Culciuiii hy<lroxide, effect on li\ermg, 125 

, in non oxide pigment munufactuie, 138 
in offset colors, 269 

, in pigment pastes, 340 
(.’alriuin hypochlorite, as bleaching agent. <81 
Calcium naphthenate, as catalyst in pandhii »»xi- 

datum, 86 
C’aU'ium nitrate, in lithographic ink. 257 
C’alciuin olcate, ns emvilsifying agent, 333 
- in stencil paste, 116 
—, lowering of ink Mseosity by, 116 
—, in baryte, extender, 153 
Cnleium oxide, catalyst for cottonseinl oil oxida¬ 

tion, 83 
Calcium palmitate, as emulsifying agent, 333 
—. lowering of ink viscosity by, 116 
('alciiiui phosphate, in lithographic ink, 257 
Calcium soaps, as wetting agents, 341 
—in emulsifying agents, 342 
—, in stencil inks, 415 
Calcium stearate, as emulsifying agent, 333 
—, in quick drying indelible ink, 400 
—, lowering of ink viscosity by, 116 
Cnleium sulphate, disadvantages as an extentler, 

408 
—thickener for drying oil ink, 207 
Calcium sulphides, fluorescent properties of, 401 
Caledon Brown R, in emulsion inks, 348 

Calender, defined, 488 
Calendered paper, defined, 488 
—, inks for, 472 
—, sizing of, 359 
Calendering, effect on ink absorption, 474 
—, testing variations due to, 449 
Calendering process, description of, 472 
Calorimeter, in comparing drier activity, 102 
Cameo embossing, 397 
Camphor, as cellulose ester solvent, 376 

111 fabric ink, 388 
—, m lithography, 248 
Camphor oil, as rubber solvent, 363 
—, in fixing agents, 397 
Canada balsam, as substitute for linseed oil m 

drying oil ink, 206 
—, in drying oil ink, 205, 215 

in metal inks, 363 
—, 111 treatment of permanent ba.se of wood, 396 
—, thickening agent for ink, 364 
Canadian pilchard oil, polymerization of, 86 
Cancellmg checks, inks for, 413 
Candlenut oil, see lumbang oil 
Cannel coal, constituents of, 220 
Caoutchouc, in drying oil ink, 201, 205 
—, occurrence of, in holly, 342 
Capryloxyacetates, m driers, 103 
“Carbitol," aniline ink, 363 
“Carbitol” acetate, in protective coating for 

printed surfaces, 372 
Carbohydrate ethers, as thickening agents, 118 
Carbohydrates, in planographic ink, 259 
Carbolated V’aseline, in antiseptic paper, 388 
—, in medicated printing inks, 128 
Carbolic acid, as a preservative, in water-ba.se 

ink, 279 
—, in intaglio inks, 280 
—, in lithography, 257 
Carbolin, m stamp-pad inks, 414 
Carbon, as a hydrophobic colloid, 335 
—, elimination of, by oxidation, 379 
—, finely divided, in early inks, 40 
—, —, prepared from chimne>' soot, 40 
—, —, used as pigment, 40 

in emulsoid inks, 345 
—, in first printing ink, 43 
—, in “India” ink, 41 
—, m manufacture of ultramarine blue, 143 
Carbon arc lamps, in fading tf.-vt.", 466 
Caibon black, absorption of, driers on, 105 
—, absorptive power of, 112 

as emulsifying agent, 333 
ns pigment, 135 

, , for news ink, 480 
—. eaibon wax in, 316 
—, copper salts as tlispersing agents for, 112 
- , covering power of, 34 
—, di.spersion of, in drying oil ink, 211 
—, effect on fluidity, 469 
—, — hardening lime of ink, 34 
—, electrolytic removal of, 483 
—, from decoini><»>ition of hvdrocarbon oil, 211 
—. by an electric arc, 211 

, from gas buiners, 330 
—. ui amalgam inks, 411 
- , in caibon paper, 316 
—, in cellulose ester ink, 389 
—, in drying oil ink. 199 , 207 
—, in electrically conductive ink, 410 
—, in embossing ink, 397 
- , in emulsion inks, 343, 344 
- in fingerprint inks, 411 
—, 111 fusible transfer ink, 324 
—, in gravure ink. 285 
—, in half-tone printing, 34 
—, 111 intaglio inks, 284, 339, 340 

in mineral oil ink, 221, 224 
—, in newspaper ink, 217. 221 
—, in pantorne ink, 255 
—, in rotogravure ink, 347 
—, in stamp-pad inks, 414 
—, in transfer ink, 326, 327. 329 

m typographic inks, 342, 343 
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Carbon black, in water-base inks, 238, 277, 280 
—, induline oleate as wetting agent fur. 112 
—, light-fastness of, 432 
—, manganese dioxide as substitute for, 213 
—manufacture, 174, 175 
—, —, roller process for, 176 
—, moisture determination in, 469 
—, particle sise, 465 
-, pH of, 180 

properties, 178 
—, strike through properties, 217 
—, sulphonated castor oil as wetting agent for, 112 
—, testing, 183, 460 
—, type wetting agent required, 112 
Carlmn dioxide, in fluorescent paints, 402 
-in transfer printing. 313 
■ -, solid, in grinding oi pigments, 164 
Carbon disulphide, as solvent, 222 
—, asphalt solvent, 290 
—, in emulsoid inks, 348 
—, in leather-printing inks, 395 

ink solvent, 441 
Carbon monoxide, pigment from, 174 
Carbon paper, camauba wax in, 316 
—, gum arabic in, 315 
—, gutta percha in, to increase flexibility, 316 
—, non-transforable ink on, 319 
—, petroleum jelly in, 316 
—, sheets having non-transferable portions, 319 
Carbon tetrachloride, as volatile solvent, 34 
—, as marking ink solvent, 399 
—, in emulsoid inks, 348 
—, in indelible inks, 399 

in ink bases. 231 
—. in intaglio inks, 276 
—, m 8>inpathetic inks, 405 
—, ink remover, 441 

interfacial tension of, in water, 332 
—, solution of gutta percha in carbon paper, 316 
—, solvent for smudging preventative, 427 
—, tung oil solution, 455 
Carbon tissue, defined, 488 
Carboxyl group, antioxidant effect of, 124 
Carboxylic acid amides, as emulsifying agents, 

338 
Card, printing of, t>T)ogrBphic process in, 195 
Carmine, as natural pigment, 31 
—, diffusion of, in aqueous ammonium hydroxide, 

214 
from the insect cochineal, 31 

—, in ribbon inks, 418 
Camauba wax, in carbon paper, 316 
—, in quick-drying inks, 232, 2^ 
—, in transfer ink, 316 
—, —, emulsified, 326 
—, —, increased penetration of fabric, 325 
—, in water repellents, 248 
—, in water-soluble transfer ink, 328 
Carter process, manufacture of white lead, 150 
Cartons, drying oil ink for, 204 

inks for, 391 
—, printing of, aniline ink for, 477 
—, stiff ink on, 199 
-typography in printing, 195 
Casein, as adhesive in emulsion ink, 334 
- , as binding agent, 346, 396 

as dispersing agents in water-base inks, 277 
—, as intaglio ink composition, 340 
—, as modifying agent for drying oil ink, 213 
—, as protective colloid for pigment, 340 
—, as stabilizer, 343, 344 
—, emulsifying action, 115 
—, fixer for diied prints, 365 
—, in binding agents, 279, 280 

in emulsion inks, 334, 337, 339 
—, in fixing agent, 389 

in intaidio inks, 279, 280, 339 
in removal of ink from waste paper, 481 

—, in soft-paper ink, 388 
in treating metals for printing, 882 

—, in typographic inks, 841, 344 
—, in water-base inks, 279 

Casein, pigment transfer with, 194 
—, with lithoponc, 148 
Cashew nut oil, drying of, with sulphur mono- 

cldorklo, 110 
- properties, 81 
Cashew nut shell oil, in printing ink vehicles, 72 
Castile soap, in transfer printing, 313 
Castor oil, as non-drying ve^table oil, 32 
—, as plasticizer in printing inks, 118 
—, — in transfer printing, 318 
—, blown, for light color^ transfer ink, 324 

, —, m transfer ink, 325 
composition, 438 

—, dehydrated, drying power of, 71 
—, dispersion medium for tung oil, 65 
—, drying oil from, 70 

- , emulsion, in dextrin fermentation, 360 
—, esters of, in ink vehicles, 71 
—, in bleachable inks, 402 
—, in drying inhibitor, 421 
—, in drying oil ink, 202 
—, in emulsoid inks, 346 
—, m gum, for tieating printing surfaces, 255 
—, in indelible ink, 400 
—in inks for ab>orbent paper, 284 
—, — glass printing, 379 

, in intaglio inks, 283, 284 
—, in leather-printing inks, 396 
—, in offset printing ink, 70 

in pigment grirulmg operation, 112 
, in ribbon inks, 416 
, in stencil ink, 415 

m transfer ink, 318, 321, 325, 329 
in typographic inks, 344 

- , in vehicle for inks, 272, 341 
- penetration reducer, 451 

plasticizer for ink vehicle, 89 
, solvent, in lithographic printing, 260 
. siilphonatetl, as wetting agent loi carbon 
black. 112 
, toner solvent, 451 

—variation of vehicle consistency with. 376 
~, with nitrocellulose, as ink vehicle, 77 

Catalogs, rotogravure printing of, 22 
Catalysts, effect on drying, 57 
—, for drying action, 119 
—, in (Irving oils, 119 

, rerlucing, use during di.stillntion rubber, 202 
Catechu, in typographic inks, 342 
(’athode rays, effect on linsecMl oil, 55 
Caustic soda, in emulsion inks, 224, 343, 348 
“, in quick-drying inks, 221 

—, in typographic emulsion inks, 341 
in water-soluble transfer ink, 328 

Cedarw'ixHi oil, in transfer printing, 313 
(Vllophanc, adhesion of inks on, 127 

-, adhesive for, 377 
aniline inks for, 350, 356, 357 
as temporary transfer base, 312, 314 

—, defined, 488 
—, metallic inks on, 360 

method for printing on, 225 
printing on, 117, 354, S7Z 

—, water resistance of, 377 
“Cellosolve” cellulose ester solvent, 375 
—, effect on flexibility of ink, 366 
—, in emulsion inks, 346. 348 

printing protein coated surfaces with, 876 
—, spreading agent, 351 
"Cellosolve” acetate, in sympathetic inks, 404 
Celluloid, adhesion of inks on, 127 
—, as backing for copy relief, 296 
—, extender for pigments, 165 
—, film of, in preparation of matrices, 299 
—, ink for, 283 
—, intaglio inks used, 282 
—, matrix for lithographic processes. 302 
—, — for relief processes, M7 
—, precipitation of dyes on, 158 
—, printing on, 378 
—, solvent for, as ink adhesive, 127 
—, in transfer printing, 813 
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Cellulose, in fixing agent, 389 
C<>llulo8e acetato, as binding agent, in (luick-diy- 

ing ink, 234 
—, ns ponnanent transfiT base, 320 

—, cellulose ester lacquer in treatment of, 320 
ns a plasticizer, 283 
covering power of ink containing, 410 

—, effect of plasticizers on, 119 
in fusible transfer ink, 325 

“, in intaglio inks, 283 
—, in printing roller coating, 439 
Cellulose acetate, solubility in dibutylrnaleute, 118 

solubility, in various solvents, 235 
Cellulose butyrate, in inks for printing on cellu¬ 

lose derivatives, 374 
Cellulose derivatives, as binders, in intaglio ink, 

274, 282 
—, in binding agents, for quick-drying inks, 231 
—, in fusible transfer ink, 324 
—, in intaglio ink, 282 

in pigments, 139 
—, in printing matrices, 296 
—, ink for printing on, 119 
Cellulose ester, as an a(lli(*sive, 382 
—, films, on transfer base, 318 
—, fixer, for drie<l prints, 365 
—, in aniline inks, 354 
—, in grinding of pigment. 112 
—, in intaglio inks, 337, 339 
—, in lithographic printing, 301 

in quick-drying inks, 232 
—, in transfer ink, 315, 320 
—, in vehicles, 77, 88 
—^^smudging preventative, in quick-drying ink. 

—, transfer printing on, 320 
Cellulose e.stcr films, inks for, 377 
(Vllulose ester ink, plasticizers for, 374 
(Vllulose ester lacquer, treatment of cellulose are- 

tnte film with, 320 
Ci'lluloso ether, dispersi(»n of pigment in, 139 
- , in vehicles, 77 

transfer ink from, 315 
(’ellulose fibers, hygroscopic nature of, 484 
Cellulose lacquer, as adhesive when tran.^fer print¬ 

ing on glass, 318 
- , m transfer printing, 319 
Cellulose nitrate, coating agent for fabries, 3.S9 
—, in ca.st printing matrix, 296 
—, in roller coating, 439 
Cellulose plastics, ink.s for. 373 
Cellulose sulphite liquor, m di'spi-iMng aeents. Ill 
Cellulose varnish, bleeding due to spirit-solul)le 

toners, 212 
Cellulose waste products, in leather-printing ink. 

Cernsine Red, in celluose inks, 376 
Ceramic kettle domes, in stand cal mamifactuie 

99 
Oramics, fu.sed pigment for, 317 

printing on, methods, 378 
—, transfer ink for, drying oil in, 328 
—, transfer printing on, 317 
Ceresin wax, effect of. on chlorinated rubber, 410 

in nitrocellulose inks, 233 
—, in transfer ink to increase penetration into 

fabric, 325 
Cerium, use in driers, 101 
Cerium drier, color change in, 102 

toxicity of, 391 
Cerium halides, as dispersing agents for pig¬ 

ments, 147 
Cerium nnphthenato, drier, color change in, 104 
—, —, cost of, 104 
—, —, in spar varnish, 104 
Corous chloride, in sensitizofl plates, 288 
Cetyl alcohol, as thickening agent, 118 

in transfer ink, 825 
Chalk, as matting agent, 275 
—as substitute for magnesium carbonate in 

planographic ink, 245 
—, effect on opacity of inks, 117 

Chalk, effect on “taking power" of ink, 117 
ill ink remover, 421 

- , 111 prevention of offset, 427 
—, in rubber inks, 410 
—, lithographic, composition, 253 
~, thickener for drying oil ink, 207 

treatment of temporary transfer base with, to 
eliminate offset, 314 

Channel proces.s, for manufacture of carbon 
black. 175 

(’haicoal, powdered, as early coloring matter, 38 
substitute for driers in drying oil ink, 204 

Cheapening agent, blanc fixe as, 156 
Cheese, ammonia in, effect on inks, 458 
—, resistance of ink to decomposition pro<luct.s 

of, 457 
Cheese-wrapper ink, action of cheese on, 390 
—, for printing on metal foil, 392 
Chilled presses, for planographic printing, 258 
China, progress of ink making in, 91 
—, use of carbonaceous black pigment in ink, 195 

use of oil inks in early printing, 195 
—, use (»f stone plates for printing, 195 
China clay, composition of, 154 
—, filler, for textile inks, 388 
China wax, as water repellent, 248 
China W(M>d oil, «lrying properties of, 64, 225 

, impregnation of.temporary transfer base with, 
319 

- , in aluminum ink vehicles, 152 
—, m drying oil ink, 200 
—, in metallic pigmented ink, 396 

Ill overprinting varmsli, 267 
, in soap-wrapper ink.s, 390 

- , sec aUo lung oil 
Chinese black, particle size, 465 
Chine'^e blue, composition of, 141 

properties, 173 
('hine.sc wax, for treatment of temporary trans- 

feis, 318 
^ in (luick-ilrying inks, 232 

in typographic inks, 342 
('hiolite, extender for pigments, 151 
Chip soap, in newspaper ink, 221 
('hloral hydrate, in plnnography, 257 
Chloraiiric acid, in gold sol preparation, 334 
o-Chloroanilinc, as antioxidant, 123 
p-Chloroaniline, as antioxidant, 123 
Chlorinated biplienvls, effect ou \ Lscositv of ink. 

118 
. m heat-convertible vanish, 87 

Chlorinatcfl hydrocarbons, dechlorination of, by 
steam, 85 

—, in ink removEd from waste paper, 482 
Chlt»rinated rubber, as binding agent, 346 
—decomposition of, 410 
—, in emulsion ink, 344 

- , m intaglio inks, 280, 284 
—, solubility of, in various oils, 410 
Chlorinated tung oil, in typographic ink, 343 
Chlorine, as bleaching agent, on ink, 403 
—, ns blenching agent in treatment of waste 

paper, 481 
—, bleaching agent, 355 
—, treatment of Anthracene oil with, 220 
2-Chloroanilinoazo-2-naphthol-6-sulphonic acid, 

barium salt of, as pigment, 161 
('hhirobenzene, in typographic emulsion inks, 341 
2-('hlorobiphenyI, eff^'Ct on vLscosity of ink, 118 
4-Chlorobiphenyl, effect on viscosity of ink, 118 
Chloroform, as organic peroxide solvent, 225 
- in emulsion inks, 348 
—, in ink remover, 441 

in iodine value determination, 455 
, interfucial tension of, in water, 332 

Chlorophenols, as antioxidants, 123, 125 
t'hloroprene, antioxidant for, 439 

, in offset blankets, 438 
(^hloro radicals, oxidation promoters, 124 
C'hlorostannic acid, as rubber poljTnerizing agents, 
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Clilorostannous ackls, as rubber polymerizing 
agents, 231 

Chocolate wrappers, metal inks for, 359 
Cholesterol, as wetting agent, 147 
Chondroitin, m wetting agents, 344 
Chromatized albumin, in nmtnces, 294 
Chrome alum, as a hardening agent for gelatin 

films, 395 
Chrome green, as pigment, 31, 383, 384 
—, manufacture ot, 144 
Chrome orange, in quick-drying inks, 239 
Chrome yellow, as rubber pigment, 384 
—, in aniline ink, 352 
—, in emulsoid inks, 345 
—, in intaglio inks, 276. 283 

in quick-drying inks, 224 
- in rotogravure inks, 272 
—, 111 rubber plate inks, 409 
—, incorporatwi with ochre, 140 
—, light-fastness, 432 
—, preparation, 139 
—, in preprints, 360 
—, properties, 139 
Chronic eczema from trichloroethylene, 436 
('hromic acid, in emulsoid inks, 345 
Chromium, alloy of, in ball nulls, 273 
—, in rotogravure plate, 293 
—, in electrotypes, 14 
—, stand oil accelerator, 83 
—. toxicity, 434 
Chromium chromate, in tanning. 287 
Chromium halides, rubber polymerizing agents, 

231 
Chromium oxide, hydratiMl, manufacture of, 145 
—, in bank note ink, 408. 409 
—. in intaglio inks, 340 
- , properties, 172 
—. with aniline black as pigment, 177 
Chromium oxide and hydroxide, in quick-ilrviiii: 

inks, 226 
Chromium platmg, of matric^'s, 295 
Chromium poisoning, m btliography, 437 
Chromium salts, as pigments, 3S(i 
—, in indelible ink, 399 
Chrysodine, in aniline inks, 351 
—, in cellulose inks, 376 
—. in ink for printing on mctal.s, 383 
Cicoil, in printing ink vehicles, 68 
Cinnabar, in “India” inks, 41 
—in inks in Europe, 41 
Citric acid, breaking emulsions with, 143 
—, in electrically conductive ink, 410 
—, in resin preparation for use in inks, 231 

sensitization of aluminum plates nmUi, 243 
—, in transfer printing, preparation of temporary 

base. 313, 314 
Citronclla oil, effect on offset, 117 
—, in intaglio inks, 280 
- , in smudging preventative, 430 

, in stencil inks, 415 
('lay, in manufacture of ultramarine blue, 143 
('lay molds, plates from, 13 
Cleaning of type, solvents for, 420 
('loth, metho<ls for printing on, 225 
—, printing on, wood blocks for, 10 
Clouding, defined, 488 

of ink, causes, 433 
Oove oil, consistency variant, 380 
Coal, in mineral oil inks, 220 

. pigments from, 174 
- , silica black from, 178 

tar oils from, 220 
Coal tar, in fabric marking ink, 308 

in linseed oil varnish substitutes, 222 
—, in lithographic ink, 250 
(ZJoal tar derivatives, synthetic organic pigments 

from, 81 
Ckial'tar dyes, as coloring materials, 282 
—, in emulsoid inks, 343 
Coat^ paper, half-tone on, 484, 485 
(boating agent, gum arabio for non-printing areas. 

Coating agent, in lithography, 252 , 253 , 254 
Coating composition, crepe rubber in, 231 
Cobalt, colloidal, as accelerator for stand oil for¬ 

mation, 83 
—, derivatives of, ns drier, 32 
—, gelation catalyst, 58 
Cobalt acetyl acetone, drying properties, 105 
Cobalt blue, as pigment, disadvantages of, 408 
—, properties, 173 
Cobalt chloride, effwl on sensitivity of film, 288 
—, m heat-seiisitive inks, 404 
—in lithographic varnish, 404 
Cobalt chromates, pH of solutions, 289 
Cobalt drier, action of various salts, 101 
—, cobalt salts os, 100 
—, color change in, 102 
—, comparison with lead driers, 103 
—, comparison with lead and manganese, 103 
—, for iiard covers. 209 

for speedy drying, 32 
—, formation of tilm on ink surface, 32 
—, in colored inks, reaction with pigments, 424 
—. in metal inks, 365 
—, m metallic pigmented ink, 152 
—, m presence of phenols, 124 

effect on transfer ink, 317 
-, in transfer ink, 326 

Cobalt hydroxy salts, solubility in water, 100 
Cobalt linolente, drier action of, 299, 224, 247, 

346, 348, 366 
—, in offset ink, 264 

, m overprint varnish, 370 
—, in temporary transfer base, 317 
—, in transfer ink, 324 
—, in wrapper \arnish, 391 
Cobalt naphthenate, dner action of, 87, 100, 214, 

380 
Cobalt nitrate, as pigment, 380 
Cobalt-/9-mtro&o-a-nQphthol, drying properties. 

105 
Cobalt oxide, as pigment, 380 
Cobalt oxides and hydroxides, in quick-drj'ing 

inks, 226 
Cobalt pyridine, as drier, 105 
(’obalt pyridine compounds, comparison with res- 

inates as driers, 105 
(’obalt ri’sinate, as drier, 100, 209 
Cobalt soaps, as driers, 100, 209, 333, 370 
(’obalt .sulphate, as color-fastness agent, 150 
Cobalt tuiigale, drier action of, 247 
(’ochineal, in ribbon inks, 416 
Coconut oil, in metid ink, 359 
(’od-liver oils, in gloss finish inks, 412 
('od oil, in vehicles, 85 
Coke oil, in mineral-oil ink, 220 
(Viking coal, constituents of, 220 
(5»ld color printing, defined, 87, 488 

non-volatile vehicle for, 214 
—, on glass anrl cerainic.s, 378 
—, u.sc of, 214 
Cold set inks, properties, 239 
Collagen, in printing ink vehicles, 128 
CollcMiion, in ink removers, 421 

III leather-printing ink, 395 
- , in transfer printing, 313 
-, photointaglio prints from, 291 

temporary transfer base of, 317 
Colloid mill, treatment of rubber in, for use in 

ink, 115, 200 
Colloidal carbons, pit of, 180 
Colloidal dispersions, of carbon filack, 331 
Colloiflai metals, as driers, 101 
—, solution of, during drying process, 103 

speefl as driers, 101 
(?olloids^ absorption of, by pigment, 334 

-, as dispersing agents in water-base inks, 277 
—, in binding agents, 279 
—, in photo-sensitive processes, 286 
—, in quick-setting inics, 287 
—, printing on, 884 
Collotype, description of priwess, 307, 488 

gelatin in, 286 
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Collotype inks, thinners for, 126 , 258 
Collotype plates, from offset, 302 
Colophene, in rwin oil, 74 
Colophony, as bindhiK asent, 277 
—, as defrothing agent, 279 

, as dispersing agent, 113 
—, cellulose <*ster substitute, 374 
—, in alkyd resins, 132 

in intaglio inks, 279, 280, 281, 283 
—, in linseed oil varnish substitutes, 222 
—, in planographic ink, 252 

in preparation of matrices, 295 
- nee alno rosin. 
—, thickener, for metallic pigmented inks, 364 
" , treatment of temporary transfer liases with, 

to prevent ink penetration, 315 
Color, depth of, in rotogravure printing, 25 

intensification by heating, 182 
—, intensity of carbon black, 178 

, matching, 419 
—, measurement <»f. 453, 460, 463 
~ -, milling, lelation to intensity, 179 
—, of driers and effect on varnish color. 106 
—, psychological reaction, 135 
—, variation obtaiiuni with half-tone plates. 27 
Color analy zers, automatic, 463 
Color embossing, process usc<l for, 397 
f'olor filters, in KloH.smeter8, 453 
Color parameters, in color measurement. 463 
(’olor plaU^s, in planographic printing. 29 
(’olor printing, black ink in, 29 
- -, defined, 488 
—, dry off.set, definition, 266 

-, of fabric, bv Iransferenct*, 315 
paper for. 485 

—, theory of, 308 
Color resolution, efliciency of filters for, 309 
Color separation, in preparation of matrices, 309 
Color standnnli/ation, of printing inks, 462 
C'olor strength, define<l, 4M 

of intaglio inks, 134 
Color value, defined, 453 
Colore<l bronzes, manufacture. 362 
Colored inks, durabilitv, in newspatier piiiiting. 

424 
—in newspapers, 218 
-puiblem.s, 424 
Colorisl paper, printing on, with drvmg oil ink. 

214 
('olonng agents, in t>'pogrnphir inks, 342 

, properties, 135, 264 
- , relation to pigment, 30 
Coloring power, mea.surenieiU of. 4.V2 
- of liquid inks, 42 
Coloring power—tinting strength relation. 460 
Coloring strength, lest for in ink, 459 
Colors, cla.Hsifiration, 433, 466 
—. dr>-, compared, 193 
—flushe<i, defumi, 103 
—, variant. fri»m basic color.s, 308 
Color.scope. de-cription of, 463 
Columbia Blue, as pigment, in uater-baso ink, 

384 
Combustion, lin.seetl oil varnishe.s, 419 
Commercial publications, u.se of wood cuts in. 15 
Componnrl plate, for lithogniphic matrices. 299 
Congealing temperature, of intaglio ink, 272 
Consistency, means of varying, 376 
—, measurement of, 447 

. microscopic measurement, 447 
-, of ink. relation to friction, 447 
-, of linseed oil, 409 

. of planographic ink, effect of moisture on, 261 
('on.stant level ink fount, means of regulating, 422 
Contrast, in planographic printing, 20 
' Contact angle," definition of, 332, 333 

in emulsions, 332 
C-ont^ pencils, tlefineti, 488 

. use in lithography, 253 
Continuous dry printing, procc.ss, 256 
Continuous tone subjects, method of making, 203 

Conversion of eleostearin to monoeleostearin, by 
resin acids, 67 

Conversion of fish oils, to drying oils, 87 
Cooper-Hewitt arc lamp, use in fluorescent print¬ 

ing, 401 
Copal re>«in, as binding agent, 346 
—, in drying oil ink, 215 
—, in printing inks, as bodying agent, 129, 133 
—, in quick-drying printing inks, 232 
—, thickener, for metal pigment ink, 364 
—, with linseed oil in varnish, 363 
Copal varnish, in metal ink, 359 

in preprints, 360 
Copaiba, in drying oil ink, 205 , 208 
(\»pper, electrolytic deposition on molds, 14 

, in fabric inks, 389 
in treatment of sulphite liquors, 344 

- gum nrabic films on, 244 
—, printing blwks, durability of. 382 

. stand oil kettles, 90 
('ofirier alloys, ns metallic pigments, 153 
C<»i>per bronze, in bronze ink, 409 
C4>pper carbonate, as pigment, 408 
Copper chloride, effect on sensitivity of films, 28S 

, in quick-drying inks, 220 
-. pll of solutions, 289 

Copper cylinder, in rtitogravure processes, 7Z 
Copper cvmenesulphonate, in ink for printing on 

fruit, 392 
Copper electroplates, aniline inks on. 358 
Copper kettles, for bo<lying of oils, 370 
Copper naphthenates, as wetting agents for cai - 

bon black, 112 
(’opper nitrate, in manufacture of Methyl Violet. 

158 
—. in quick-drying inks, 223 
(^»ppe^ oleate, as wetting agent for carbon black 

112 
Copper oxide and hvdroxidc, in quick-drying 

inks, 226 
Copper phthalocvanine, as pign^ent, 165 

structure of, 166 
Copper plates, abrasion of, b\ coarse pigments, 

424 
- «lurnbility of, in intaglio printing, 19 

, engraving of witli burin, 19 
- in intaglio printing, 20 

. in money printing. 408 

. ink for. 34. 143, 270, 280 
, method (*f engrax ing, 19 
, relief process, 294 

('«>pper-plate printing, emulsion ink for, 341 
. intaglio ink for, 275 

Copper plate pioces.s, compare<i to typographic 
process, 20 
, history, 20 

-. ink for, 270 
, method.- ii-cd. 19 

Copper resinate. as tli.-persing agent for carbon 
black. 112 

Copper salts, in ribbon inks, 416 
Copper stearate, as wetting agent for carbon 

black. 112 
t'opper sulphate, as moistener in i>lanograpli\ . 

258 
, in fabric marking ink, 398 
, in gall nut inks, 42 

—, in making electrot>’prs, 14 
in water-base ink, 41 

Copperas, in inks, 41, 43 
in special inks, 251 

- . iron oxide pigments from, 138 
Copy relief, defined, 295, 488 

. gelatin m, 288 
- . printing surfaces from, 295 
—, glycerol in, 321 

, dextrin in. 321 
Copying ink, aniline dye in, 321 
Copying press, defiiusl, 488 
Corn flour, pigment from, 175 
Com meal, in mineral oil inks, 220 
Corn syrup, in water-soluble transfer ink, 329 
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Cornstarch, as tack reducer, 382 
—, in smudging preventative, 430 
—, in transfer ink, 327 
—, method of making, 309 
Corrected negatives, dcfincti, 488 
Cotton, dusting of metal pigments witli, 360 
—, inks for, 324 , 365 
—, metallic prints on, 389 
—, rags, in paper, 42 
—, transfer printing on, 313, 320 
Cotton wool, for removal of gel from plates, 294 
Cottonseed oil, as blending or thinning agent, 32 
—, as semi-drying oil. 32 
—, dehydration of, 83 
—, effect of antioxidants on, 122 
—, foots, uses of, in vehicles, 71 
—, hydrogenation of, 83 
—, in leather-printing inks, 396 
—, in transfer printing, 313 
Cottonseed pitch, in dr>ing oil ink, 206 
Coumarone resin, as binder, 133 , 364 
—, as bodying agent, 129 
—, in fusible transfer ink, 324 
—, in ink vehicles, 87 
—, in intaglio ink, 281 
—, in planographic ink, 249 
—, pigments from, 175 
Counterfeits, detection of. 457 
Coupeic acid, in Po-Yoak oil, 81 
Covering area of aluminum, on water. 152 
Covering power, defined, 476, 488 
—, measurement of, 463 
—, of ink containing rubber and lin.see<l oil, 200 
—, printing inks compared to lacquers, 7 
—, relation of dispersion of pigment to, 476 
—, relation of particle size of pigment to, 476 
—, relation to specific gravity, 442 
—, testing for in inks. 452 
Crawling, defined. 488 
—. prevention of. 128 
C^a^•ons. composition of, for lithographv. 244 
—, lithographic design application by, 26, 241, 253 
—. soap in, lithographic. 244 
Crazed drving, defined. 488 
Cream of tartar, in lithographic inks, 256 
Creeping, defined, 488 
—. prevention of, 366 
Crepe rubber, in bimling agent, 231 
—. in quick-drving ink, 231 
—, in drying oil ink. 201 
—. in intaglio inks, 284 
Cresol, as antioxidants in inks, 123. 124, 125 
—, as dry'ing inhibitor, 413 
—, as skinning preventative, in drying oil ink, 121 
—, in stamp-pad ink.s. 414 
m-Cresol, as emul.sifving agent, 343 
o-Cresol, as emulsifying agent, 343 
p-Cresol, as emulsifying agent, 343 
—, roller cleaner, 421 
Creosote, as drying inhibitor, 413 
Creosote oil, in mineral oil inks, 128 

lampblack from, 177 
Creaylic acid, in metal inks, 362 
—, in lithographic varnish, 250 
—, interfacial tension of, in water, 332 
Crimson BS, in formation of lakes for printing, 

161 
Crude rubber, use in drying oil ink. 201 
Crude oil, in treatment of waste rubber, 200 
Cryolite, as extender for pigments, 151 
—, in glass ink, 379 
Cr>'stal Violet, in water-soluble tran.sfer ink, 328 
Crystallisation, defined, 488 
—, rate and extent of. in tung oil. 66 
—, of rosin, in varnish, 74 
Cumar gum, in temporary tran.sb-r b.M.ve. 316 
—, in transfer ink, 325 
Cuneiform blocks, use of by Assyrians and Baby¬ 

lonians, 87 
Cupric oxide, as pigment in glass printing ink. 379 
Cups, drinking, ink for, 392 
Curd soap, as swelling agent in drying oil ink, 206 

Curd, in fabric ink, 388 
Currency, inks for, 408 
- linseed oil in ink vehicle for, 409 
Cyanide radical, as antioxidant, 124 
o-Cynnoaryl-c>arboxylio amide, in pigment manu¬ 

facture, 166 
Cyanobenzamide, in pigment manufacture, 166 
C^velic amines, as emulsifying agents, 115 
Cycloaliphatic carboxylic acids, as emulsifying 

agents, 338 
Cyclohexanol acetate, in quick-drying ink, 233 
Cyclohexanol, in water-base inks, 277 
Cyclohexanone, in intaglio inks, 284 
—, in quick-drying ink, 231 
—, in vehicle, 88 
Cvclohexylethnnolamine, ns dispersing agent, 113 
(^vclohexylidenecyclohexanono, in stamp pad ink, 

414 
Cylinder press, defined, 488 
- -, paper for, 196 
- for typographic work, 195 
C'vmenesulplionic acid salts, in ink for printing 

on flint, 392 

Dammar, binding agent, 275, 277 
—, dispersing agent, 113 
—, in intaglio inks, 275 
—, in lithographic inks, 249 
—, ink modifier, 129 
—. Ill metallic inks, 359 
—, in quiek-drving inks, 222 

in paraffin base inks, 276 
-, thickening agent, 364 

Dampening, defined. 488 
—, in lithographic work, 115 

. of non-printing areas, 256 
Dampening roller, in offset printing, 303 
Davlight, artificial, effect on inks. 466 
Deacetylattnl chitin, in wetting agents, 344 
Dccalcnmnnia, defined, 311, 488 
- . d(*sign application by, 253 
- preparation, 252 

priMM'ss, on glass, 381 
Deep etched plates, in offset, 303, 304 
T>efrothing agents, in intaglio inks, 279 
Degelntion, of tung oil, 64 
Degree of calendering of paper, 485 
Degree of wetting, definctl, 189 

, of carbon black, 187 
I>ehv<lrntion, of hydroxy compound.*!, 89 
Dehydrogenation, of drying oils, 82, 84 
- -, of paraffins, 89 
- . of sunflower-seed oil, 79 
Deliquescent salts, in oil emulsion.s, 115 
Density, control of, in drying-oil ink, 203 
-, low’oring of, in inks, 126 

Deodorization of w’aste rubber, 200 
Dermatitis, cause, 260, 305 
Desensitization, of planographic inks, processes, 

245 
- . —, theory, 243 
Di*sign, aiipiication in lithography, 241, 253 
Deterioration, of rubber blankets, 268 
Determination, of moisture in inks, 469 
Developer, for matrices, 2W 
Dew point, defined, 347 
Dextrin, adhesive for metallic inks, 360 
—, adhesive for planographic inks, 248 

binding agent, 346 
drying agent, 280, 281 
in copying ink, 321 
in embossing ink, 397 

- , in gloss fini.sh inks, 418 
—, in intaglio miulsoid inks, 337 
- , in lithographic inks, 849 

, in qiiick-rirying inks, 339 
in removal of ink from waste paper, 481 
in safety inks, 407 
in self-expanding ink, 898 

—, in starch base inks, 418 
—, in stencil inks, 416 
—, in transfer base treatment, 311, 315, 310, 319 
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Dextrin, protective action of, 336 
—, transfer base curling preventative, 315 
Dextrose, fatty acid esterification of, 82 
Diacetin, plasticizer, 374 
Diacotone alcohol, cellulose ester solvent, 375 
—, dyestuff solvent, 364 
—, ethylccllulose solvent, 235 
—, for varying drying rate, 376 
—, in typographic inu, 348 
—, in wooden inking pads, 414 
Diacyl peroxides, in vehicles, 225 
Diamine Deep Black, pigment, 384 
Diamond Black, in bleachable inks, 403 
Diamond Qreen, in aniline inks, 351 
—, in cellulose inks, 376 
Diamyl phthalate, ns plasticizer in transfer ink. 

324 
Dianisidine, in permanent inks, 400 
—, in safety inks, 407 
Dinphane, aniline inks for, 358 
Diapositive, defined, 488 

, in direct photolitliograpliy, 298 
screen, 292 

Diatomite, silica black from, 178 
Diazoti/.ation, in lake prepaiation, 163 
Dibasic acid resins, binding agents, 281 
Dibenzoyl peroxide, drying catalyst, 225 
Dibromohydroxy-m(*rcui y-flnoie>cein, in ti.ni'-fer 

printing, 313 
Dibiitvl ether, in paraffin ba.^e ink^, 276 
Dibutylmaleate, solvent bir celluloM’ acetate. IIS 
Dibutyl phtlialate, plastici/er fur cellul()M' esti’i''. 

‘233 , 296, 324 , 373 
-, in anti-curling lian''fer ba.ve lacquer, 315 

, in bleachable ink.s, 402 
in leather-printing inks, 396 

. in linoleum inks, 231 
- -, in linoleum lactiuer, 393 

in nitrocellulose ink, 233 
- , in alow-drying embossing ink. 398 

, m temporary transfer base, 316 
“, in thermographic inks, 234 

vapor pressure of, 234 
Dibutyl tartrate, plasticizer, 374 

•Dichloroben/cne, ink deo<lorant, 437 
ichloroethane, effect on rubber, 420 

Dichlorocthylene, in quick-drying inks, 232 
—. in intaglio inks, 281, 282 
Dichlorohydrin, cellulose ester sohent. 375 
Dichloromethane. oiganic peroxide sobent, 225 
Dichroinati/.ed albumin compositions. 254 
Dicn nnonaplithulcnes, lake-foniung piopertM*.". 

167 
Diene number, defined, 456, 488 
Dicnols, in drying-oils, 57 
Dies, for metal typo, 12 
Dietlianolnmine, in water-base ink.v, 277 
Diethyl carbonate, plasticizer, 374 
Diethyl-1,4-dioxatic, cellulose deri\ati\c .*»t»l\ent 

283 
Diethyl ether, nitrocellulose solvent. 2,3,5 
Diethylene glyml. cellulose estei s<>i\ent, 375 

. glycerol substitute, 438 
—. in quick-drying inks, 233 , 234 
Diethylene glycol, ethers, in aniline inks. 353 
Diethylene glycol, ethyl ether, di.spersing juoper- 

ties, 114 
Diethylene glycol monobutyl ether, in quick-dry¬ 

ing inks, 2^, 238 
—, in transfer inks, 326 
—, in stamp-pad inks, 414 
—f see a/so butyl “Carbitol” 
Diethylene glycol monobutyl ether acetate, in 

quiok-drving inks, 234, 238 
Diethylmaieate, plasticizing agent, 118 
Diethylmetanilio aci<l, in fruit inks, 392 
Diethyl phthalate, diluent for quick-drying ink. 

226 
—in intaglio inks. 282, 283 
—, in lacquer inks. 383 
—, in quick-drying inks, 233 

plasticizer, 374 

Diethyl pthalate, softening agent, 414 
Diffusion, small particle preparation by, 214 
Dihydric alcohol esters, drying power, 82 
Dihydric phenols, as antioxidants, 122 
1,5-Diliydroxyanthraquinone, in metal foil inks, 

383 
o-Dihydroxybenzene, hectographic ink modifier, 

417 
Dilauroyl peroxide, in quick-drying inks, 225 
Diluents, in cellulose inlos, 282 
—, removal of, from quick-drying inks, 238 
Dilution ratio, defined. 235, 488 
Dilution tolerance, denned, 489 
Dimethylaniline, in dye manufacture, 158 
Dimetliylcyclohexano! oxalate, drving inhibitor. 

413 
I>micthvl-I,4-dif*xane, cellulose flciivative sohent, 

283 
Diinethyinialealc, plasticizer, 118 
Dimethyl phthalate, diluent in quick-dr\ing inks, 

226, 239 
- , in wax inks, 239 
—, pla.'^ticizer, 374 

quick-drying ink solvent, 378 
2,4-Dinitranibne, pi^nent j^operfh-.s, 171 
Dipeiitenc, anti-gelling agent, 125 

, anti-.skinning agent in dr\ing (iil ink, 208 
- , drier, 110 
—, conveision to drying oil, 74 
—, in intaglio emulsoid ink^ 337 
—, m terpenic ether syntlic-i.s. 118 
- wetting agent, 333 
Diphenyl, chlorinated, in flr\ ing ml ink, 214 
—, indirect kettle healing with, 94 
Diphenylamine, in indrlible ink.'!, 400 

, oxidation inhibitoi, 121 
Diphenylguanidine, in quick-drying inks, 226 

pH carbon relation, 182 
standard of absorption. 180 

Diphenylmethane dye>, 351 
Diphenylolpropane-fuinialdehydc roins, 374 
Dioxane, cellulose ester solvent, 375 

in cellulose inks, 282. 283 
Direct dyes, defined, 489 
—in transfer ink, 327 
Dinrt-fired kettles, de'tiucliw distillation of oik" 

in, 52 
Di.scoloration, of dyes, pre\ eiitalives, 162 
—, of white pigments, 126 
Disk, rotating, carbon pi(»ce.s,s. 176 
Disperse phase, in emul'^ion inks, 331. 333 
Dispersing action, factoi". 113 
Dispersing agent, alkylnaphtlialene sulpliouu' acid 

as, 403 
aluminum halides as, 147 

—, nluiiiinum stearate a.", 147 
—, ainnlcs as, 113 
—, amino-acids as, 147 
—, nscaroid as, 113 
—, barium chloride as, 115 
—, beiizaldehyde as, 114 
—, butyl stearate as, 114 
—, cerium halides as, 147 
—, cellulose sulphite liquor as, 114 
—, chlorides as, 112 
—, cholesterol as, 147 
-, colophony as, 113 

—, cyclohexylethanolauiine as, 113 
dammar as, 113 

, definetl, 489 
eleostearic acid as, 113 
ester gum as, 114 

—, ethylene glycol as. 114 
- -, ethyl ether of diethylene glycol as. 114 

. gnilo-tannic and a.s, 147 
-, glue as, 403 

-gum lac as. 113 
, inorganic salt.<, 112 
, iron halide.^ as, 147 
, lead soaps as, 147 

—, magnesium sulphate as, 115 
—, mineral salts as, 115 
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DiapersinK agent, naphthenates as, 112 
—, nitrates as, 112 
—, nitroben*ene as, 114 
—, oleates as, 112 
—, oleic acid as, 114 
—, piperidine as, 113 
—, resinates as, 112 
—, resins as, 113 
—, ricinolcic acid as, 113 
—, salicylic acid as, 114 

soaps as, 114, 115 
—, stearates ns, 112 

siilphonated castor oil ns, 114 
—, sulphonated oils as, 114 
—, sulphonic acids as, 403 
—, tannic acid os, 147 
—. titanium halides as, 147 
~, thallium halides as, 147 
—, thorium halides as, 147 
—, triethanolamine as, 114 
—, trihydroxy-ethylamine as, 114 
—, turkey re<l oil as, 114, 403 
—, “Twitchell Ba.se No. 265” as, 114 
—, zinc naphthenate as, 147 
—, zinc oleate as, 147 
—. zirconium halides as, 147 
Dispersing agents, efficacy of. 114 
- , in water-base inks, 277 
—, order of efficiency of, 114 
Dispersion, covering power relation, 476 
—, in oil media, 190 
—, interfacial tension relation, 46S 

', of carbon blacks, 185, 187 
- , of dr>' pigments, 191 
—, of pigments, by an emulsifier, 114 

of zinc oxide, 191 
Dispersions, as thickening agcnl.s, 118 
Distillation, of rubber, OT, 202 
—, of sardine oil, 86 
—, of varnish, 55 
Distillecl rubber, deodorizing, 200 
Divinylacetylene, polymers of, 88 
Doctor blade, defined, 34, 489 
—, in intaglio printing, 292 
—, in rotogravure printing, 25 
Doctoring, defined, 420, 489 
Dot-etching, defined, 305 , 489 
Dots, use of, in halftones, 293 
Double bond. a<ldition of lead driers to, 104 
Double-coated sensitized plate, 298 
Dracoreeinotannol, benzoic esters of, 251 
—, benzoylacetic esters of, 251 
Dragon’s blood, defined, 251. 489 
Draoema draco, in lithography, 251 
Drawings, copying of, 359 
- , lithographic images, 253 
Draw out, defined, 73, 489 
Document reproduction, 267 
Dodecyl alcohol, in water inks. 280 
Dolomite, extending agent, 156 
Dope, used in copy relief, 296 
Doping, defined, 420, 489 
Drier, acetophenone as, 110 
—, aliphatic acids as, 105 
—, aluminum in. 104 
—, aluminum naphthenate as, 126 
—, aluminum soaps as, 101 
—, anethole as, 110 
—, application of Wenzel’s law to, 103 
—, aromatic alkylated acids as, 105 
—aromatic arylated acids as, 105 

aromatic keto acids as, 105 
—, benzaldehyde as, 110 
—, borates, use in half-tone inks, 105 
—, calcium in, 104 
—, capryloxyacetates as, 105 
—, cerium as, 101 

cerium naphthenate as, 104 
—, cobalt as. 100, 101, 104, 124 
—, distribution in oil films, 103 

cobalt-fatty acid soaps as, 100 
—, cobalt, for hard covers, 209 

Drier, cobalt, in aluminum ink, 106 
—, cobalt-lead ratio, in, 107 
—, cobalt naphthenate as, 215 
—, cobalt pyridine compounds as, 105 

, cobalt, use with lead driers, 104 
colloidal metals as, 101 

- . defined, 209, 489 
—. dipentene as, 110 

fatty-acid soaps as, 124 
—, for linseed oil ink, 209 
—, for oiticica oil, 108 

from vinylacetylene and hydrogen, 110 
. fused resinates as, 105 
, hydroaliphatic ether acids ns, 105 
, hydroaromatic ether acids ns, 105 
. hydroxy metal salts as, 100 
. iron, use in baking inks, 104 
. i8o.safr(»le as, 110 
, lead ns, 124 

-, lead, action with jihenolic resins, 106 
—, —, addition to double bond, 104 
—, l«‘ad borate as, for drying oil ink, 209 
~ , lead-cobalt for oiticica oil, 108 
—, lead, cobalt, and manganese mixture, 107 
—, lead, Comparison with vanadium, 104 
—, —, effect of high molecular weight resins on, 

106 
—, hardening of paint films by, 103 

-lead-manganese combination for tuiig oil. lOS 
—, lead-manganese naphthenate, 104 
- , loaf! naphthenate, coniixeil with niangaiie'*!* 

naphthenate, 104 
, —, for drying oil ink, 214 

* lead pigments as, 106 
—, lead, promotion of polymeri/ation. 10| 
—, lead stearate as, in dr>'ing oil ink, 200 
—, lead, tackiness in ink films from, 104 

, use combined with cobalt, 104 
-. use with manganese dner.s, 104 

linoleates, as activity in moist atmo.vpli('rc, 105 
for drying oil mk, 209 

. liquid, use of, 100 
magm^sium, u.se in compo.sitions, 104 

. manganese n.'^, 100, 124 
, —, change of \alence m, 104 
. —, comparison with vanadium, 104 
, —, distribution in oil films, 103 
, — , use with manganese driers, 104 
, manganese naphthenate, with lead nai)litlien- 
ate. 104 

—. menthol as, 110 
- , metallic soaps of organic acids ns. 100 

. naphtlienates a.s. for drying oil ink, 209 
- , naphtlienates, compatubility with phenolic 

resins, 105 
, - , pln.sticizing effect of, 105 

—, stability of solutions, 105 
—, iiniforni activity of, 105 

, —, umfonriity of, 105 
—, ozone as, 110 
- , peroxides in turpentine as, 109 

-, powdererl oyster shells ns substitute for, 204 
—, resinates as, 124 

- , reainate.s, acti\ itv in moist atmosphere, 105 
, Halicylalfiehyde a.s, 110 

—. sorlium as, 102 
, terpenes as, 110 
. thorium, use as component of, 101, 104 
, toliiic acid, amvlbenzoate as, 105 
, turpentine as, 109 

- , iHc of ozone conditioned paper in, 110 
, use of titanium salts ns, 100 

use of zinc in, 104 
use with naphtha, 101 

—, u.se with petroleum ether, 101 
—, vanadium ns, 104 
Drier activity, use of calorimeter in etnnparing, 

102 
Drier content, effect, 419 
Driers, absorption of, by carbon black, 105 

absorption of oxygen by, 102 
—, action of, orientation theory, 103 
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Driers, action on antioxidants, 100 
—, addition of, during milling, 102 
“, —, during mixing, 102 
—, change in acid radical during drying, 103 
—, change of valence in, 100 
—, changes taking place in presence of resins, 103 
—, colloidal activity of, 103 
—, color of, 106 
—, combustion effect, 419 
—, comparison of lead, cobalt and manganese, 103 
—, comparison of solubility of, linoleatcs ami 

naphthenates, 105 
—, resinates and naphthenates, 105 

- , —, stearates and naphthenates, 105 
comparative valence change, 104 

- , distribution in ink films, 103 
—, distribution in oil films. 103 
—effect of, pigments on, 105 
—, - various acid radicals in. 107 
' , effect on, drying oil, 100 

-, linse<‘d oil oxidation, 58 
- , —, picking, 107 

, settling in drying oil ink, 203 
—, —, surface tension, 103 
—, emulsified with, linseed oil, 101 
—, —, tung oil, 101 
—, excess, "filling up" from, 107 
—, —, in ink wiinkling skinning and picking from, 

107 
—, function in metal inks, 366 

hydroxide formation in, 103 
—, identified, by fluorescence, 456 
—, in currency ink, 408 
—, in ink for calendered paper, 472 
—, in lithography, 247 
—, ink hardeners, 32 
—, in overprints, 370 
—, in preprints, 360 

-, in qiiick-drving inks, 220 
—, in slow-drying embossing inks, 398 
—, in tliemiogiaphic inks, 234 
- , in transfer ink, 317 

. in wrapper inks, 391 
- , lowering of tack by excess drieis, 107 
-metals, onler of activity, 102 
—, relation of dr>ing action to perioilic aiiani:e- 

ineiit, 102 
—, determining metallic content of, 109 

- , metlKKl of, comparison, 102 
, mixed, critique, 107 

—, mixture with, benzene, 101 
—, linseiHl oil, 101 

—, —. tuipentine, 101 
- , oxidation by titanium oxide. 106 
—, oxygen absorption, linstHnl oil. 62 
—, paste form, for tlrying oil ink, 209 
-preparation of, 101 
—, —, mixed, 104 
- . quantity relation.'*. 107 

. n-action with tin plates. 106 
- , reiluction by zinc oxide, 106 
- , relation between solubility aiul drying action, 

103 
- , relation to paper surface, 477 

, relative amounts in paints anrl inks, 107 
- -, relative efficiency of combinations, 107 

relative speed of, 103 
—, solubility in, oil, 100 
“, —, organic solvents, 101 

-, —, water, 101 
—, stabilization of, with amine salts, 102 

standard for, 108 
—, substitute for, charcoal or finely divided car¬ 

bon, 204 
—, —, colloidal graphite, 204 
-time necessary for drying of oil, 209 
—, use in, coinerting semi-drying oils to ilr>ing 

oils, 101 
, ~, drying oil ink, 209 

-, —, inks containing resins, 108 
, valence of metal conponent, 100 

- , variation with temperature, 104 

Drinking cups, inks for printing on, 392 
Drop-weight method, measurement of surface en¬ 

ergy by, 331 
Drowning, defined, 164 , 489 
Dry colors, compared, 193 
Drying accelerant, heating as, 427 
—, lard as, 127 
—, ozone as, 427 

potaMium bromide as, 127 
—, stearin as, 127 
—, white wax as, 127 
Drying, effect of, aluminum hydrate on, 106 

, boiling linseed oil, 197 
—, —, pigments from metallic acetates on, 106 
—, —, train oil admixed wdth linseed oil, 197 
—, improvement of, 129 
—induction period of, 100 
Drying inhibitor, for press work, 421 

in stamping inks, 413 
—, mechanism of, 457 
—, of dihydric-alcohol e.^ters, 82 
—, of glycerol esters, 82 
—, of ^avure inks, 270 
—, of inks, by absorption. 216 

by evaporation, 216 
- . —, by oxidation, 216 
—, —, by polymerization, 216 

-, humidity effect, 423 
—, of linseed oil, 56, 57 ' 
—, of monohydric-alcohol ester.'*, .S2 
—, of news iaks by evaporation, 221 
—, —, by oxidation, 221 
—, of oils, effect of acetic acid on, 106 
—, —, kinetics of, 125 
—, —, retardation due to pigment^, 106 
—, —, with sulpliur monochloride, 110 
—, of paint films, relation of surface toii-sion 1<>. 

103 
—, of planographic inks, 265 
—, of synthetic vehicles, 266 
Drving oil, Grisee oil. 88 
—, hydrogenated cottonsee<l oil, 83 
- vegetable, manufactuie ot. 32 
Drying oils, change of, iiulex of refiactmii in, 119 
—. —, ioiline \ alue in, 119 
—, defined, 489 
—. destructive distillation in direct-filial kettles, 

52 
—, effect of heating on, 198 
- , — exposure to air, 100 
—, — dead pigments on, 137 
—, emulsification of, 114 

film formation of, 119 
—, from semi-drying oil, 101 
—, gelatinizing of, 119 
—, in early printing inks. 93 
—, in fu.sible transfer ink. 324 
—, in lithograpliic inks, 115, 349 
—, m tran.sfor ink, 324, 325. 326, 328 
—, in water lesistant ink, 206 

iiKMlitiers for. alkvd resins, 132 
—, inoleeular refraction of, 452 
- oxidation of, 119 
—, —. in tiansfer mk 324 
—, pigments in, 190 
—, polymerization ('f. 119 
—, preparation and bodying of, 32 
—, preparation, high pressure hydrolysi'*. S6 
—, removal of water from, 206 
—. shellac in, 87 
—, treatment of temporary' tran.^for base with. 319 
Dr\ing-itil ink, acceleration of settling Iin driers, 

203 
—, acid-refined linseetl oil in, 214 
—acid tar in. 207 
-aetinn i»f phenols on. 209 
- udheienee to paper of. 196 
-adhesive properties of, 208 
—, ageil linsenl oil in, 197 
—, Albertol resins in, 201 

alcohol in, 215 
- alizarine oil in. 215 
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Drying-oil ink, alkaline mucilage in, 207 
all^i Balt in, 215 

—, aluminum acetate in, 215 
- , aluminum powder in, 202 
—, amber rosin in, 205 
—, aniline color in, 199 
—, animal fat in, 215 
—, anthracene oil in, 199 

anti-ag^ in, 201 
—, anti-skinning agent, dipentfne ns, 208 

—, guaiool as, M8 
—, —, resins as, 208 
—, asphalt in, 199, 205 
—, balata in, 201 

balsam in, 208 
—, barium sulphate in, 207 
—bensene in, 206 
—, Biebrich Scarlet in, 215 
—, binding agents in, 203 
—, bitumens in, 205 
—, black rosin in, 205 , 206 
—. blue dye in, 213 
—. brown rosin soap in. 208 
—, calcium sulphate, thickener foi, 207 
—, Canada balsam in, 205 , 215 
—, caoutchouc in. 201, 205 
—, carbon black in. 199, 207 
—, castor oil in, 202 
—, chalk, thickener for, 207 
—, change in viscosity bv bituling agent. 204 
—, China Wood oil in. 200 
—, chlorinated diphenyl in, 214 
—, cobalt naphtlienate drier for, 215 
—, cobalt soaps as drier in, 209 
—colloidal dispersion of binding agents m. 204 

colored, rosin in, 214 
—, compasition, relation to overprinting, 197 
—, cooked tung oil in, 214 
—. copal resin in, 215 

copaiba in, 205 
, cottonseed pitch in, 206 

- . covering i>ower of. 200 
crepe rubber in. 201 

- . crude rubber in. 201 
. decrease of offset, 203 

den.sity of, 203 
deodorizing waste rubber for, 200 

—, dipentene in, 208 
—, dispersion of carbon black in, 211 
—, —, lampblack in, 211 
—, distillation of rubber for. 200 
—, double-toner in, action of, 212 

driers in. 209 
—, drying oil-mo<lified resin* in. 208 
—, effect of binder, on fluidity, 204 
—, —, on penetration, 204 
—. elemi resin in, 215 
—, emulsifiers in, 114 
—, English vennilion in, 199 
—, ethyl alcohol in, 215 
—, fading of, 195 
—, fir balsam in, 206 
—, fish oil in, 215 
—. fluidity, control of. 204 
—, —, relation to printing pt»>.x.siiir, 196 
—, —, relation to press speetl, 196 

for cartons, 204 
—, for colored paper. 214 
—, for flint paper, 204 
—. for hard paper, 209 
—, for highly absorbent pafier 199 
—, for non-absorbent paper, 205 
—, for poster printing, 199 
—, for smooth-surfaced paper, 205 
—, glucose in, 215 
—, grinding of pigment for, 210 
—, ground rubber for, 200 

gum copal in, 208 
hard soap in, 206 
hemp oil in, 198, 208 

—, ink black in, 202 
—, in linseed oil, 206 
—, kaolin, thickener for, 207 

Drying-oil ink, kieselguhr, thickener for, 207 
—, lampblack in, M5, 206, 208, 209 
—, latex in, 201 
—, lead, in processing of, 211 
—, lead borate drier in, 209 
—, load naphthenate drier in, 214 
—, load oleate as wetting agent for, 211 
—, lead soap driers in, 209 
—, lead stearate drier in, 209 
—, limiting quantity of driers, 209 
—, linolcates as driers for, 209 
—, linseed oil in, 197, 205 
—, long, defined, 199 

lubricating soap in, 199 
—, magnesia, modifier for, 213 
“, manganese borate, driers in, 209 
—, manganese diovide in. 213 
—, magnesium oxide in, 200 
- -, manganese soaps, <1 t iers in, 209 
—, menhaden oil in, 198 
—, methylcycIohe\aiu>l nnti-skinning agent in, 208 
—. mo«lirier, casein ns, 213 
—, —, glycerin a.*. 213 
—, —, olein as, 213 
—. —, resinous soap as, 213 
—, soft soap as, 213 
- -, niontun wax in, 202 
-mottleil impression from, 199 
- . naphtha in, 203 
—, naphthalene in, 215 
—, iKiphthenates, diieis for, 209 
- . non-offset ting, 206 
—, non-skinning, 203 
- -, nut oil in, 198 

oil-mo<lified phenolic resins in, 208 
opacity of, 214 

—. oxiilation and skinning in, 20.S 
—, oxidized tar oil and rubber in, 201 
--, paste driers for. 209 
—, perilla oil in, 198 
—, petrolatum in, 202 
—, phenol aldehyde resin in, 214 
—, pigment in, 213 
—, pine resin in, 215 

, pitch in, 199, 205 
—, plasticizer for, 204 
—f polymcrizetl pinene in. 206 
—, polymerized terpenes in, 206 
—, powdereil minerals, thickeners for, 204 
—, pyrocatochol, anti-skinning agent in, 208 
—, rape oil in, 198 
—, retluction of offset of. 204 

, resiilup from, lin.seed oil, refining in, 207 
- . —. spent lyes in, 206 

resins in, 207, 215 
resistance to weathering of, 127 

- % rosin, a.s a binding agent in. 205, 206 
—, —. a protective eolhiid in, 206 

rosin-glycerol ester in, 214 
—, rosin in, 208, 211 
- rosin oil in, 198, 200, 206 

rubber in, 200 
, .short, definition, 199 

—, shellac in, 215 
smoothness of, 203 

—, soap in, 206 
", soybean oil in, 198 

stability of, 203 
", stand oil in, 206 
—stearin pitch in, 204 
—, stiff, for bond paper, 199 
—, —, for carton covers, 199 
—, sulphuric acid treated rubber for. 200 

sulphur in, 201 
—, sweet oil in, 208 
-, swelling of rubber plates bv. 200 

—, synthetic resins in, 208 
—, tackinjws of, 203 , 214 
—, tnr from wood distilhition in. 207 
—, thinner, Japan drier in, 208 
—, —, oil of cloves in, 208 
—, - oil of sassafras in, 208 
—, - , sulphuric ether in, 208 
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Drying-oil ink, tliinners for, 199, 203, 204, 208 
—, tin in processing of, 211 
—, toluene in, 215 
—, toner, containing rubber, 200 
—, train oil in, 197, 199 
~, transparency of, 214 
—, triethanolamine salts of, olcostearic acid in, 

204 
—, —, linoloic acid in, 204 
—, lung oil in, 198, 206, 214 
—, turkey red oil in, 207 

turpentine in, 205, 206 
—, type clog^jing of, 197 
—, Vaseline in, 206 
—, vehicle for, 214 
—, Venice turpentine in, 215 
—, vulcanized rubber in, 201 
—, waste rubber in, 200 

wax in, 204, 214 
—, wetting agent in, 210 
—, wool grease in, 202 
—, yellowing of, by raw linsetul oil, 197, 19.S 
Drying oil vehicles, 197 
Drying power, standard, 108 
Drying problems, 424 
Drying ratt*s of inks, factors influencing, 343 
—, means of varying, 317, 376 

methods of determining, 457 
Drying resins, synthesis of, 129 
Drying time, define<l, 197, 489 
—, eff«*ct of heating on, 55 
- of linseed oil, 100 
-of soybean oil, 79 
Dry offset color printing, 266 
Dull finish, modifiers for, 259 
Duplicating inks, 418 
Durability, effe<’t of titanium dioxide on. 128 

, of colored inks, 424 
- of resins as modifiers, 131 
Dust, from blacks, 183 

. from paper, 485 
Dutch, drying oil ink, method of iu;«king. 197 
Dutch proc(‘S.s, manufacture of v^hile lead, 150 
Dvemg, inks resistant to. 389 
D\es. acid, properti»‘S, 351 

, alcohol soluble, in trnn<sfer ink, 329 
—, basic, in aniline inks. 351 

-, Ill water-soluble transfer ink, 329 
-, blue, in drying oil ink, 213 

—, coal-tar, classification, 351 
, effect of, alum on, 476 

—, —, hypochlorite in paper on, 476 
—, in ink, action of sulphuric acid <in, 476 
~, light fugitive, 159 
—tests for, 470 
—, userl for ink and cloth, 37 
Dyestuffs in aniline inks, 351 
Dynamic system, definition, 57 
Dynamometer, tlescription, 447 

Earth, ochery, ochre from, 140 
Edge runner mills, for grinding inks, 191 
Efflux viscosimeter, 443 
Egg albumin, use in treatment of tempoiary 

transfer base, 315 
Eggs, use of whites, in "India” ink, 41 
Egyptians, claims ns inventors of writing inks, 37 

use of dyes to color engraved markings, 38 
Electric bulbs, printing on, 378 
Electric charge, as cause of livering, 126 
Electric current, use in etching plates, 18 
Electric treatment, of metallic plates, 256 
Electrical conductivity, of dispersions, 332 
P^lectrically conductive ink, 410 
Electrically heated varnish kettles, 93 
Electricity, static, elimination of, 426. 429 
Electrolysis, of rlibasic acids, 89 
Elect roly ti's, precipitating power of, 336 
Ek‘ctrolytic deposition on rotogravure plates, 293 
Eh*ctrolytic removal of carbon black, 483 
F'.Iectrolytic treatment of aluminum, 253 
Electrometer, 463 

Electrotypes, backing with lead, 14 
—, defined, 14, 489 
—, for reproduction of printing surface, 13 
—, from swelled-gelatin plate, 18 
—, identical plates from, 13 

, molds, deposition of copper on, 14 
—, —, lead for, 14 

—, resins for, 14 
—, —, use of copper sulphat-e in, 14 
- —, use of graphite on, 14 
—, —, use of iron in making, 14 
—, —, wax, 14 
—, relation to stereotyping, 14 
- , use of chromium in, 14 

use of nickel in, 14 
—, use of oxidizing s«)lution on \ead form, 14 
- , use of tinfoil as flux f<»r lead backing, 14 
' , wocmI mounting for, 14 
Elemi. bodx ing agent, 129 

, effect on melting point of waxes, 323 
' in drying-oil ink, 215 
—, in transfer ink, 325 

in wood-printing inks, 395 
—, treatment of temporary transfer base with, 314 
Elcf(Stearic acid, dispersing agent, 113 
—, in Po-Yoak oil, 81 
- . in tung oil, 64 
Eleost<*Jirin, in tiuick-drying inks, 225 
Elm. in preparation of matrices, 300 
Eloii, in sympathetic inks, 405 
Eiid)os.sed printing, define<l, 489 
Embossing, of rubber blankets, 264 
-of temporary transfer base, to eliminate off>el 

of. 314 
EmViossing inks, 394, 397, 398 
Embroidery printing, transfer ink for, 328 
Emerald green, pigment, 145 
Emulsification, mechanb-m of, 333 

of greasy ink, 346 
-, of lithographic inks, 35 
*. prevention of, 246 

“Emulsifier A,” as a dispersing agent. 114 
Emulsifying agent, aminocarboxylic acids as. 115 

ammonia as, 115 
balata as, 115 
benzoic acid as, 343 

- borax as, 115 
carbon black as, 333 

- , casein as, 115 
- . colloidal clax's ns, 333 
—, cyclic amines as, 115 
—, defined, 489 
—, fatty acid soaps as, 115 

, gelatin as, 114 
—, glue as, 114 
- . glutinous materials as, 115 
- . guniacol as, 343 
- , gutta-percha as, 115 

interfacial tension of, 114 
—, in transfer ink. to increase penetration, 327 
- , h'cithin as, 115 

, lithographic varnish used as. 114 
. mahogany sulphonates as, 331. 338 
. metal soaps as, 333 
. morpholine as, 115 

—oleic acid-ethylene oxide product as, 338 
, proteins as, 115 

saponified resins as, 338 
- , see also wetting agent 
- •. sodium salicylate as, 343 
- . sodium-p-diaminolbenzoate as, 115 
—, sodium isopropylnaphthalenesulphonatc as, 114 
—, substituted amines as, 115 

sulphonated hydrocarbons a.*!, 338 
—, tetrahydro-l,4-oxazine as, 115 
- Turkey reti oil as, 114, 338 

, xvlonol as, 343 
I'jiiuisifyinie agents, action of, 114, 330-337 

, ad.sorption of, 114 
-, ns polar compounds, 114 

—, for intaglio inks, 337-341 
—, for planographic inks, 345-349 
—, for typographic inks, 841«345 
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Emulsion inks, albuminic acids in, 345 
—alcohol in, 34S 
—, carbon in, 345 

castor oil in, 346 
—, “Cellosolve” in, 846 
—, chromic acid in, 345 

defined, 330, 489 
—, formation in, 345 
—, glycerol in, 345 
—, hydrocarbons in, 114 
—, lignone in, 345 
—, linseed oil in, 345, 346 

lubricating oils in, 345 
—, methylcellulose in, 346 
—, mineral oil in, 114, 345 
—, naphtha in, 115 
—, petroleum hydrocarbons in, 115 

rubber in, 115, 343 
—, rosin soap in, 346 
—, soaps in, 345 
—, toners in, 345 
—, tung oil in, 346 
—, without emulsifying agents, 345 
—, xylene in, 346 
Emulsions, breaking of, 115 
—, continuous phase, 114 
—, disperse phase, 114 
Enamd, printing forms, 255 
—, treatment of wood with, as poriiiaiieut tians- 

fer base, 320 
Knamillene, sensitized film, 294 
Encaustic inks, defined, 41, 489 
End effect, viscosimeter, 443 
Endogenous psychosis, from oxp<*Mirt* to x> Icne 

and toluene, 436 
Engler viscosimeter, 444 
English vermilion, in ink, 199 
—, properties, 169 
Eni^aving, copper plate, in intaglio punting, 19 
Eosine, pigment, 161, 466 
Equilibrium constant, chromate-bichromate, 288 
Eradicators, 252 
Erasure, made difficult by encaustic inks, 41 
Essence of copaiya, in overprint varnishes, 373 
Essential oils, effect on consistency of inks, 380 
Ester gum, bodying agent, 129 
—, cellulose ester substitute, 374 
—, compatibility with drying oils, 131 
—, compatibility with nitrocellulose lacquer ve¬ 

hicles, 131 
effect on tack of inks, 131 

—. defined, 489 
—, dispersing agent, 114 

in cellulose adhesive. 376 
in emulsion inks, 238 

—. in ink vehicles, 76, 87, 131 
—, in linoleum inks, 232, 393 

, in nitrocellulose ink, 233 
—. in overprint varnishes, 131 
—, in planographic inks, 260 
—shellac substitute, 355 
Ester number, definefi, 489 
—, detennination, 455 
Esters, in celluhwe inks. 282 

, in intaglio inks, 276 
—, of castor oil, 71 

plasticizing agents, 118 
—, solubility of nitrocellulose in, 235 
Etches, in planogrnphy, composition, 245 
Etching, acid, of mezzotints, 22 

by lithographic inks, 34 
comparative depth in line and half lone 

plates, 18 
, discussion of, 295 

—, in collotype, 307 
—, in lithography, 242 
—, of exposed Kensitize<l plates, 22 
—, of glass bottles, 378 
—, of half-tones, 18 

”, of mezzotints, 21 
of plates, 16, 367 

—, of steel plates, 379 
—, of stone plates, 26 

Etching, relation to photoengraving, 14 
—, temperature of, 424 
—, use of iron perchloride in, 23 
—, use of varnish in protecting rotogravure cylin¬ 

ders, 23 
Etching needle, use in making mezzotints, 22 
Ethanm, see ethyl alcohol 
Ethanolamine cymenesulphonate, in fruit-markmg 

inks, 392 . . . 
Ethanolamine olonte in stencil inks, 415 
Ether, ace ethyl ether 
Ethereal oils, defrothing agents, 279 
Ethers, antioxidants, IM 
Ethyl acetate, cellulose ester solvent, 375 
—, cellulose nitrate solvent, 296, 383 
—, in fabric-printing inks, 389 
—, in ink vehicles, ^ 
—, in lacquer for tempcirary transfer base, 315 
—, in temporary transfer base, 316, 317 

in transfer ink, 318 
plasticizing accelerant, 375 

Ethyl acrylate, binding agent, 365 
Ethyl alcohol, aniline ink solvent. 353 

. bleeding in, test, 469 
—, cellulose ester solvent. 375 

effiK-f on offsetting, 117 
—, for cleaning type, 420 
-in anti-curlmg lacquer, for tempotury transfer 

base, 315 
—, in antioxidants, 125 
-, in bronze ink, 409 

—, in drying-oil ink, 215 
—, in fingerprint inks, 411 
—, in heat-sensitive ink, 404 
—, in hectograph inks. 417 
—, in indelible inks, 399 
—, in intaglio inks, 276, 277, 282, 283 
—, in intaglio emulsion inks, 337 , 338 

in leather-printing ink, 395 
—, in light-fast ink.s, 413 
-111 planographic emulsion inks, 346 
—, in planographic inks, 260 
—, in prepaiation of ochre. 140 
—, in quick-drying inks, 230 , 233 , 235 , 238 
—, in rt‘Conling instrument inks, 407 
—, in rubber-form mk, 343 

in stencil ink, 116. 415 
—, in transfer ink, 315, 318, 325 
- in w'aterpiTMjf iiik^j, 401 
- , resin solvent, 248, 354 
—, solubility of nitrocellulose in, 235 , 296 

-. transfer agent, 329 
F^'thyl benzoate, in lithographic inks, 249 

in metallic inks, 364 
Ethylcellulose, in cellulose ester-piinting inks, 370 
—, in intaglio inks, 283 

. in quick-drving inks. 230 , 234 
, in transfer ink. 324, 327 

solubility of, 235 
, viscosity of solutions, 235 

Ethylcellulase foils, ink.s for, 283 
Ethylene chlorliydrin, in lacquer-punting inks, 384 
Ethylene dichhiride, in quick-drying inks, 231 
Ethylene glycol, dispersing propcities, 114 
—, drying inhibitor, 413 

in friiit-rnarking inks, 392 
”, in lacquer-printing inks, 384 

, in quick-drying inks, 233, 234 
-. m synthesis of terpenic esters nn<l ethers, 118. 
126 
, in temporary transfer hose, 316 

—, in wootl-grain ink, 394 
—, resin reactant, 439 
Ethlene glycol adipate, rosin reactant, 438 
Ethylene glycol ethers, in aniline inks, 353 
Ethylene glycol inonoacetatc, in typographic emul¬ 

sion inks, 348 
Ethylene glycol monobutyl ether, cellulose ester 

solvent, 375 
Ethylene glycol monoctliyl ether, in intaglio inks, 

276, 283 
in metallic Inks, 365 

—, in overprint varnishes, 372 
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Ethylene oxide, in intaRlio inks, 280, 338 
Ethyl ether, in indelible inks, 390 
—, in ink remover, 441 
—, in intaKlio inks, 276 
—, in quick-dryini^ inks, 230 
—, inter facial tension with water, 332 
Ethyl halides, as gravure ink solvents, 271 
Ethvl lactate, in inks for printing cellulose e^ter-^, 

375 
- -, — lacquers, 383 
—, in intaglio inks, 276 

, in lacquer-printing inks, 303 
—, in quick-drying inks, 231, 2M, 235 
Ethyl oxalate, in inks for printing lacquers. 383 
Ethyltoluenesulphonamides, plasticizers, 374 
Eugenol, as an antioxidant, 124 
European printing, description of, 42 
Evaporation, of hydroxy coinpoun<ls, 454 
—, of intaglio inks, 270 
—, of planographic ink s<3vents, 260 
—, relation to boiling point, 454 
Evaporation rate, acceleiation of, 226 
Expansion of paper, 483 
Explosions, w'ith perilla oil, 78 
Extender, defined, 30, 153, 489 
Extenders, in security inks, 408 
~, refractive index of, 148 
Extraction, of carbon black, 185 
—. of linseed oil, 55 
Extraction residues, thickening agents, 118 

Fabrics, inks for, 389, 398 
teinp<tiary base for transfer printing, 311 

—, transfer inks foi, 321, 326, 327. 328 
- -, transfer printing on, fastnes.s of, 315 
Faile-thneter, 458. 466 
Fading, of early inks, 195 

-, of inorganic s\nthctic pigments. 31 
- , of pigments, effect of humidity on. 466 

measurerni'nt of. 465, 466 
-, prevention of, 466 

Falling-weight vi.scoaunetcr, 443 
False-bodying agents, 116 
Fanal Green, in overprint varnishes, 371 
Farmers re<luc«T, in dot-etching. 3U5 
Fast Blue Cloth GTB, in waterproof mk.'j. 400 
Fastness to light, defined, 489 
Fastopake inks, 353 

defined, 489 
Fats, in lithography, 250 
Fat-soluble dyes, n.«« coloring agents. 275 
Fatty acid-m«Mlifie<l alkyd resins, in ink.s, 132 
Fatty acids, decomposition by ozone. 110 

defined, 489 
—, dispersion .«itabili7er. 118 
—, effect of bases on, 243 
-. effect on b\er;ng. 111, 112 

- from bnsee<l oil. 53, 216 
, in planographic inks, 241, 244 

Fatty acid salts, in drying-oil inks, 204, 224 
Fatty acid soaps, drying agents, 124 
- emulsifying agents, 115 
Feathering, defined, 489 
Feculose, defined, 489 

solvent for organic peroxides, 225 
Feldspar, in china clay. 154 
Fenchone, in inks for linoleum print mg. 232 . 393 

in quick-drying inks, 232 
Ferric chloride, etching agent, 305 
—, in intaglio inks, 292 
—, in laundry marking ink, 399 
-. in preparation of black pigments, 175 

FeiTic ferrocyanide, pigment, 141, 384 
FeiTic hydroxide, in mineral-oil inks. 221 
Ferric oxide, h.vclratod, in ochre, 140 
Ferric perchlorate, in safety inks, 407 
Ferric salts, in indelible inks, 399 
—, in lakes, 162 
Ferrio tartrate, sensitizing agent, 805 
Ferro-ferric oxide, pigment, 177 
Ferro-gallate lakes, ns .stamp-pad pigments, 

418, 414 

Ferro-tannate lakes, as stamp-pad pigments, 
413, 414 

Ferrtais nitrate, in sensitizing agents, 400 
Ferrous oxide, iron black from, 177 
Ferrous salts, in indelible inks, 399 
Ferrous sulphate, Indian re<l from, 138 
—, in planographic inks, 251 
—, in sympathetic inks, 405 
—, iron blue from, 141 
Fibers, celluose, hygroscopic, 484 
—, effect of shrinkage, 484 
—, pulping, 484 
—, relation of stren^h to length, 484 
—, tests for composition, 449 
Fiduciary paper, inks for, 407 
Filax oil, ink vehicle, 89 
Fillers, for inks, opacity of, 31 
—, for paper, 474 
—. in security-printing inks, 408 
Filling up, defined, 107, 489 
—, in lithographic printing, 107 
—, in offset printing, 107 
Film fonnation, in dr> ing oils, 119 
Films, carbon, with naphthenates, 187 
—, increase of sensitivity, 288 

ink, distribution of driers in. 103 
- , metallic ink, superimposed, 366 
—, monomoleciilar, 190 
—, preparation of .sensitize<l, 286 
—, printing on, 119 
—. re.sLstance to water of, 115 
Film thickness, mea.sure of, 451 
Filters, in pol> chromatic printing, 308, 453 
—, defined, 489 
Fine-etching, 295 
Fine line half-tone, in new’spaper printing, 34 
F'ingerprint ink.s, 411 
Fir balsam, in drying-oil ink, 206 
—, in medicated printing inks, 128 

in paper-antiseptic. 388 
Fire Red Toner, in intaglio inks, 338 
—, pigment, 164 
Firnagrae, ink vehicle, 84 
First printing ink, description of, 43 
First writings, incised in stone tablets or damp 

clay, 37 
Fi.sher viscosimeter, 444 
Fish glue, definiHl, 489 

properties, 289 
relief proccs.ses, 286 

Fi.sh oil, action of hydrogen sulphide on, 82 
—, as a suKstitute for linseed oil, 32 
—, catabtic dehydrogenation, 82 
—, fractionation, 82 
- in drving-oil ink, 215 
—, in intaglio emulsion inks. 341 
—, in lin.«5ei*<i oil. test for. 458 
- , in typoeraphic emulsion ink, 343 
—. odor, 391 
- , preparation for inks. 86 
Fixing agents, for drie<l prints, 365 
—, from waste rubber, 363, 397 
Flash points, of ink solvents, 489 
Flatbed cylinder press, defined, 196, 490 
—, flow of ink in. 33 

Flat gum, for dull inks, 126 

Flatting, defined, 490 
Fh^shing, Htc flushing 
Flexihilitv, of printing inks. 118 
Flint paper, diving-oil ink for, 204 
Flocculation, of vehicle, defined, 490 
Flooiling. defined, 490 

-, of printing ink, 129 
Flotation of pigments, elimination, 420 
Flour, bodying agent, 280 

dusting powder. 303 
—, in metal inks, 362 
—, in planographic inks, 250 
Flow, defined, 490 

measurement of, 445 
—, relation to viscosity, 444 
Fluff, from paper, 485 
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Green in three-color work, 264 
Green piKtnente, grinding of, 273 
—, properties, 140, 144, 166, 172 
Green soap, in st^oU ink, 415 
Green toners, properties, 172 
Greenland train oil, in drying-oil ink, 199 
—, in quick-drying ink, 220 
Greentone ink blue, pigment, 142 
Green Y rotor, pigment, 283 
Grinding pigments, for drying-oil ink, 207, 210 
—, m presence of glycerol, 207 
—, processes, 191 
Grisee oil, drying oil, 88 
Grit, in carbon black manufacture, 176 
Grounding, electric, fogging preventative. 433 
Ground \voo<l, calcium oxylute in, 479 
—, defined, 4M 
—, hbers, size of, 479 
—, in newsprint, 479 
—, lignin in, 479 
—, paper from, 479 
—, —, strength of, 479 
—, —, strike through of, 479 
—, rosin in. 479 
Growing of mixtures, defined, 263 
Guaiacol, anti-skinning agent in drying oil ink, 

208 
—, emulsifying agent, 341, 343 
Guild colormifter, construction of, 460 
Gums, effect on fabrics, 315 
—, emulsifying agents, 115 
—, in aluminum inks. 152 
—, in Gall inks, 42 
—, in indelible ink, 321 
—, mk moditiers, 129 
—, in intaglio inks, 339 
—, in lithographic inks, 116 

in protective laciiuer coatings, 372 
—, in transfer base manufacture, 315, 316, 320 
—, in wall paper ink, 396 
—, protective colloid, in emulsion inks, 334 
—, water-soluble, in transfer printing, 311, 312, 

318 
—, stabilizers, 115 
Gum acacia, inU‘rfacial tension between water 

and, 332 
Gum arable, absorption films of, 244 
—, binding agent, 346 
—, emulsion stabilizer, 77 
—, in carbon paper, 315 
—, in electrically conductive ink, 410 
—, in emulsoid inks, 347 
—, in fabric marking ink, 398 
—, in gloss finish inks, 412 
—, m hectograph inks, 417 

in indelible ink, 399 
—, in ink remover, 481 
—, in lithography, 241, 257, 286 
—, in quick-drymg ink, 230, 400 
—, in relief processing, 294 
—, in stencil inks, 415, 416 
—, in transfer ink, 316, 327 
—, in temporary transfer base, 317 
—, in typographic inks, 342 
—, in watei-color ink, 412 
—, in water-soluble transfer ink, 329 
—, in wood grain ink, 394 
—, lithographic coating agent, 254 
—, offset preventative, 117 
—, protective colloid, 336 
—, smudging preventative, 426 
—, theory of desensitization, 243 
—, tone protector, 259 
—, treatment of temporary transfer base with, 

315 
Gum copal, in autographic ink, 251 
—, in drying oil ink, 208 
—shellac substitute in aniline inks, 355 
Gum dammar, adhesive in temporary transfers, 

318 
—, binding agents, 381 
—, emulsifying agent, 347 

Gum dammar, hardening agent, 296 
—, in anti-curling lacquer, 315 
—, in ink for glass, 379 
—, in ink for leather, 396 
—, in intaglio inks, 337 
—, in overprint varnishes, 369 
—, in transfer ink, 316, 325 

wetting agent, 346 
Gum elerai, in photolithographic inks, 252 

in temporary transfer base, 316, 317 
Gum karaya, in temporary transfer base, 315 
Gum lac, binding agent, 277 
—dispersing agent, 113 
Gum mastic, in treatment of temporary tran.sft*i 

base, 316 
Gum samiarac, in transfer ink, 316 
Gum shellac, lu water-soluble transfer ink, 328 
Gum tragaennth, binding agent, 346 
—, bodying agent, 129 
—, effect on offset, 117 
—, in indelible ink, 400 
—, in ink remover, 481 
“, ink modifier, 129 

in luimeogiapli ink, 415 
—, in multicolor printing, 356 
—, in planographic ink, 257, 347 
—, in stencil inks, 415, 416 
—, in ternp<>rary transfer base, 315 
—, in transfer ink, 326 
—, in typographic inks, 341 

, smudging preventative, 426 
Gutta percha, emulsifying agent, 115 
- -, in carbon paper, 316 
—, in emulsion type ink remover. 482 
—, 111 intaglio inks, 284 
—, in offset printing, 269 
Gypsum, filler for currency inks, 408 

Half -tont>s, color plates from, 27 
—, comparison with rotogrus ure, 25 
—, cost coinpareti to line etching, 16 
—, cost compared with swelle<l-g»*latin process, l.S 

, defined, 15, 490 
—, etching of, 18 
—, inks for, use of borate drier in, 105 
—, mounting, 18 
—, negative for, compared with line etching, 17 
—, —, use of screen in making, 17 
—, on antique paper, 484 
- , paper for, 484 
-photochemical process for, 15 
—, preparation of, 17, 18, 293, 295 
—, prints from, 293 
—, proportion of dots in light and dark areas, 17 
---, re-etclung of, 18 
—, relation of paper smootlines-s to. 473 
—, relation to photoengraving, 14 
-, relation to photolithography, 27 

—, screen for newspaper, 17 
shading in, 15 

Half-tone screens, defined, 490 
Halo effect, defined, 490 

on highly calendered paper, 475 
-. production, 485 

Halogenation, of drying oils, 89 
, of fish oils, 86 

Haiogenated oil, in quick-drying inks, 226 
Halogenated tung oil, in emulsion inks, 341 
Hand-embos.sing, closrription of, 397 
Handmade papeis, ant's of, with early printing 

inks, 43 
Hand press, of Senefelder, 242 
Handwriting, adopted in place of engraving, 40 
Hun.sa Yellow, in aniline inks, 351 
—, in overprint varnishes, 372 
—, in rubber-plate inks, 409 
-, pigment properties, 189, 157, 164 

Hansa Yellow GT, in intaglio inks, 280 
—, ill photogravure inks, 349 
Hnnus method, for iodine number, 45, 455 
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Hardening, of ink films, by lead driers, 103 
—, rate of, 296 

Hard soap, as a vehicle modifier, 33 
—, in first published ink formula, 44 
Heat, as transfer agent, 316 
—, effect on color, 462 

effect on pigments, 432 
—, effect on tung oil, 64 
—, of absorption, 468 

-, resistance of inks to, 135 
Heat-sensitive inks, 404 
Heavy spar, 153 
Heavy varnishes, alumina hy<liutc in, 155 
Hectograph inks, 417 
Hello Bordeaux, properties, 169 
Heliofnst Hubine 4BL, properties, 169 
Hermit in extract, in fabric-marking inks, 399 
Hematite, Indian red from, 138 
Hemlock, in medicated printing inks, 128 

-, in soft-paper inks, 3M 
Hempsi-ed oil, m drying-oil inks, 198, 208 
—. in fluorescent inks, 401 
- , ink \ chicle, 81 
Herring oil, ink vehicle, 86 
Hexabiomide number, defined, 45, 490 
Hexabrornide value, 456 
Hexadecyi alcohol, thickening agent, 118 
Hexarnethylenetetruinine, m bleachable inks, 403 
—, in offset blankets, 439 
—, in stencil inks, 415 
—, solubility in oil, 225 
—, wetting agent, 149 
Hexamethylmonoethyl-p-rosanilinc, in safely 

ink.s, 407 
Hexane, use in rubber treatment, 202 
Hoxanol, in ink stabilizers, 130 
Hiding power, of aluminuni, 152 
—, of carbon black, 180 
High gloss inks, 133 
—. vehicle for, 88 
High gloss paper, 266 
Hiroe dammar, in inks, 127 
Hocliglanz gold, in thickener, 364 
Hollow cone multiplicator, 463 
Homogeneity, of quick-drying inks, 339 
Honey, ns a vehicle, 224 
—, in starch-base inks, 412 
—, in stencil inks, 415 
Hue, defined, 490 

of pigment, effect of paper on, 485 
Humidity, control of, 423, 484 

-, effect on drying, 57 
effect on fading, 466 

- , effect on ink, 35 
effect on jinper, 314, 475, 483, 484 

—, effect on penetration, 448 
- , efft*ct on plates, 289 
—, of inks, tests for, 466 
—, relation to moisture content, 484 
Hunter rcflt*ctometer, 459 
Hydrattnl aluminum silicate, extender, 154 
Hydrated chromium oxide, pigment. 145 
Hydrati^l ferric hydroxide, in printing inks, 221 
Hydrated iron, pigment, 140 
Hydration, of paper, 485 
Hydrazine radical, os an antioxidant, 124 
Hydro-aliphatic ether acids, as driers, 105 
Hydro-aromatic ether acids, as driers, 105 
Hydrocarbon distillates, carbon black from, 174, 

211 
—, in drying-oil ink, 211 
—, in emulsions, 115 
—, in intaglio inks, 280 
—, ink vehicles, 84 
—, in mineral-oil inks, 224 
—, in printing ink, 114 
—, in quick-drying inks, 232 
—, in transfer printing, 313 
—, solubility of nitrocellulose in, 235 
Hydrocellulose, scratch-resistant, 127 
Hydrochloric acid, etching solution, 300 
—, in emulsoid inks, 848 

Hydrochloric acid, in hectograph inks, 417 
“, in laundry marki^ ink, 399 
—, in planographic inks, 251 
—, m saponification test, 454 
—, in sweetening of coal tar, 222 
Hydrofluoric acid, etching agent, 378 
Hydrogen, in dextrin ferment, 360 
—, in fluorescent inks, 402 
Hydrogenated hydrocarbons, in ink remo\al from 

waste paper, 482 
Hydrogenated vegetable oil, as a vehicle, 272 
Hydrogenation, of divinyl acetylene polymers, 88 
—, measure of unsaturation, 46 
—, Meinel's metluxl, 46 
Hyd rogen chloricle, in treatment of glas.s for iisr 

as i>eiriiancnt transfer base, 320 
- , removal of ink by, 213 

treatment of gasoline with, 85 
- , treatment of rubber with, 439 
Hydrogi'ii ion concentration, defined, 490 
—, in chromate-bichromate, 289 
- , in emulsions, 336 
Hyilrogen ion concentration, see also pH 
Hydrogen peroxide, a.s an oxidizing agent, 118 
—, m etching, 295 

, in oxidation of rosin, 279 
Hydrogen sulphide, effect on pigments, 137, 138 

— fish oil, 82 
—, from cheese, effect on inks, 458 
—. m inks for artificial stone, 381 
Hydrolysis, of fish oils, 86 
Hydrophilic colloitls, defined, 490 
—, m emulsoid inks, 334 
—, printing on, 384 
Hydrophilic substance, titanium dioxide. 146 
Hydrophobic colloids, coagulation of, 334 
—, defined, 490 

in emulsoid inks, 334 
Hydroqumone, as an antioxidant, 120, 121, 122, 

123, 125 
—, effect on oxidation of linseed oil, 120 
—, in sympathetic inks, 405 
—, polymerization preventative, 88 
Hydrotropic agents, in friiit-marking inks, 392 
Hydroxides, fonnation of, during drying, 103 
Hydroxyacids, aluminum soaps of, as driers, 101 
—, in grapeseed oil, 80 
Hydroxyalkylamiries, flushing agents, 193 
1.2-Hydrox>anthraquinone, pigment from, 161 
Hydroxy compounds, evaporation of, 454 
H>drox>ethylainme naphthenate, m stencil ink. 

415 
H> <lroxyhydro<nimone, cfft'ctivem^s as antioxi¬ 

dant, 122 
Hydroxylaiiiine livdrochloride, in wood printing, 

396 
Hydroxyl group, addition to double bonds, 82 
—, as an antioxidant, 124 
Hydroxy metal salts, use as driers, 100 
Hygroscopic nature, cellulose fibers, 484 
Hypochlorites, as a bleaching agent, 403 
—, in paper, action on dyes, 472, 476 
—, in safety inks, 407 

llicyl palmitates, in intaglio emulsion inks, 342 
Illumination, tanning accelerant, 288 
Illustrative inks, 223 
Images, large, production, 299 
Image protluctioii, effect of acid value on, 244 
Imitation wood grain, inks for, 394 
Immersion, work of, 188 
Impression cylinder, definetl, 490 
—, for offset, 27, 302 
—, function of, 196 
—, relation of pre.'isurc and paper surface, 196 
Incised plate printing, 34 
Indanthrene Blue, pigment, 156 
Indelible ink, 398, 399, 400 
—, asphalt in, 321 
—, defined, 490 
—, fusible vehicle for, 821 
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Indelible ink, gum in, 321 
—pitch in, 321 
—, synthetic resin for, 321 
—, wax in, 321 
Indene, in fusible transfer ink, 324 
—, ink vehicle, 87 
Index of opacity, of pigments in oil, 146 
Imlex of refraction, in drying-oils, 119 
India ink, defined, 490 
—, description of manufacture, 41 
—, in lithography, 263 
—, in zincography, 300 
—, supplantetl by gall inks, 42 
Indian red, in 19th century printing inks, 44 
—. pigment, 31, 137 
Indigo, us a natural pigment, 31 
—, effect on drying-oil inks, 212 
—, in 19th century printing inks, 44 
—, in quick-drying inks, 225 
—, use of, in blue inks in Europe, 41 
Indigosols, in safety inks, 407 
Induction period, defined, 491 
—, of drying, 67, 100 
—, shortening of, 100, 122 
Induline base, defined, 491 
—, in newspaper inks, 217 
—, in rubber-printmg ink, 387 
—, in transfer ink, 3^ 
—, pijgment, 161, 218 
Induline oleate, as wetting agent for carbon 

black. 112 
Infrared rays, for detection of counterfeiting, 457 
Ink binders, see binding agents 
Ink compounds, defined, 491 
Ink films, distribution of driers in, 103 
—, drying of, 115 
—, resistance to water of, 115 
Ink fountain, constant level, 491 
—, defined, 491 
Inkmakers, history of, 195 
Inkometer, 446 
—, defined, 491 
Ink pads, used with early inks, 43 
Ink recipe, first published, 44 
Ink removal, 441 
—, by abrasion wheels, 483 
—, by hydrogen chloride, 213 
—, by shredders, 483 
—, by sodium chloride, 483 
—, by water-benzene mixture, 483 
Inks, as an article of commerce, 40 
—, absorption by paper, effect of fillers on, 474 
—, —, — calendering on, 474 
—, —, rate of, 479 
—, action of iron compounds in paper on, 476 
—, addition of driers to, 102, 107 
—, application to glass, 381 
—, blown oils in, 56 
—, characteristics for specific purpose, 35 
—, color of, effect of paper on, 474 
—, composition of early, 40 
—, distribution on presses, 367 
—, densely pigmented, for platoloss engraving, 25 
—, determination of age of, 457 
—, driers in, effect of paper on, 477 
—, dyes in, effect of alum on, 476 
—, —, — sulphuric acid on, 476 
—, factors governing distribution, 308 
~, first materials used in, 38 
—, forerunners of, 37 
—, formula for, from a secretum, 42 
—, from natural resins, 130 
—, greasy, for making stone plates, 26 
—, manufacture of, by Dutch and English during 

early days of printing, 196 
—, mixing of, by printers in Europe, 195 
—, offsetting on calendered paper, 472 
—, oxidation by ozone, 475 
—, penetration into calendered paper, 472 
—, penetration into paper, relation to proportion 

of groundwood, 479 
quality of, 474 

Inks, relation to paper surface, 30, 472 
—, relation to press speed, 472 
—, resins in, efftK!! of driers on, 106 
—, tack of, for plateless engraving, 25 
—, —, produced by lead drier, 104 
—, —relation to paper, 476 

used in first printing, 43 
—, without drying oils, 365 
—, zinc yellow in, 14U 
Ink vehicles, effect of paper on, 476, 477 
Ink vehicles, effect on inorganic pigments, 31 
Inorganic pigments, effect of vehicles on, 31 
liiorguiiic salts, as dispersing agents, 112 
Inscriptions, stone and clay for, 37 
Insert slieets, in printe<i material, 229 
Insoluble ilyes, with lake-forming properties, 164 
Intaglio inks, classification of, 34, 274 

, consumption of, 270 
—, drying of, 270 
—, for metal foils, 282 
—, hydrocurboiis used in, 276 
—, m copper or steel plate work, 34 
- , in rotogravure work, 34 
—, properties of, 34, 338, 339 
- -, requirements, 134 
—, resins in, 274 
Intaglio offset proct'ss, in wood-grain printing, 

395 
Intaglio plates, prev^aration, 302 
Intaglio printing, advantages, 19 
—, cellulose iril^, 375 
—, characteristics, 19 
—, clarity, 19 
—, copper plate process, 19, 20 
- -, definition, 8, 49 
—, forms, 339 
—, pliotogiuvure processes in, 22 

I elation to other processes, 19 
—, relation to plnnograpliy, 25 
—, rotogia\iire process, 9 
—, sulphur in, 143 
—, types of printing surfaces, 8 
—, types of processes, 19 
- , use of grained plates in, 22 
- , use of pihotogiuphy in, 22 
—, width of lines in, 19 
Intaglio pri»cess, in transfer printing, 317 
Intaglio processes, 291 
Intaglio screens, 292 
Intaglio surfaces, from copy reliefs, 205 
Intel facial free laiergy, relation to dispersion of 

pigments, 189 
interfneial tension, defined, 491 

, m emulsion inks, 331 
- , influence of surface energy on, 331 
- , in varnishes, 111 
—, of carbon blacks, 179 
- , of emulsifying agents, 114 

relation to dispersion of pigments, 187, 468 
Inteinal phase, of emulsion inks, 330 
International color co<le, 31 
Inventors, of writing ink, 37 
Invisible inks. 399, 403, 404 
—, detection, 457 
Iodine, effect on polymeriznti*»n, 88 
—, in hnlog€*nation of tung oil, 343 
—, in oil color test, 453 
- in synipathetic inks, 405, 406 
loiliiie-cyamde, reducing agent, 305 
loiline number, classification of drying oils by, 32 
—, defined, 45, 455, 491 
—, Hnnus method, 45 
—, of drying oils, 119 
—, of linseed oil, 122 
—, of perilla oil. 78 
—, of sardine oil, 86 
—, of sunflower-seed oil, 79 
—I Wijs meihwl, 45 
Ionium salts, in fluorescent inks, 401 
Irgasol. plasticizer, 354 
Iron, drying agent, 104 
—, gelation catalyst, 58 
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Iron, gum arable films on, 244 
—, hydrutcKl, in ochre, 140 

in pigments, 168, 380 
—, in preparation of stand oil, 83 
—, use in making electrotype molds, 14 
Iron alizarate, in pigments, 162 
Iron blue, pigment, 141, 142 
Iron compounds, in paper, action on ink, 476 
Iron cymenesulphonate, m inks, 392 
Iron gallate, in pigments, 177 
Iron gauze, nn usuremeni of antioxidative power 

with, 125 
Iron halides, in inks, 147 
—, rubber polymerizing agents, 231 
Iron hydroxide, in mineral-oil inks, 221 
—, in quick-drying inks, 226 
Iron nitrate, nmistener, 258 
Iron oleatc, as wetting agent, 333 
Iron oxide, as natural pigment, 31, 138, 169 
—, in baryte, 153 
—, in quick-drying inks, 226 

, in typographic inks, 344 
- , lemon, properties, 170 
—, used aa pigment in eaily inks, 40 
Iron oxide black, composition, 177 
Iron oxide maroons, properties, 169 
Iron perchloride, use in etching rotogravure c.\l- 

inders, 23 
Iron peroxide, in planographic inks. 248 
Iron protoxide, in planographic inks. 248 
Iron salts, in ribbon inks, 416 
Iron soaps, in water-in-oil emulsions, 332 
Iron sulphate, moi.'stener, 258 
—, used in first printing ink, 43 
Irori tannate, binder, 249 
—, impregnation of manganese dioxide with, 213 
", in pigments, 177 
Iron yellow, composition, 140 
Isinglass, in lithography. 249 
Isobutyl alcohol, in bintling agents, 281 
Isobutylene polymers, in printing inks, 223 
Isoelectric point, defined, 336, 491 
", of colloids, ^6, 337 
Isocugenol, antioxidant, 124 
Isoindole units, in phthalocyamne structure. 160 
Isolinoleic acid, from ca.stor oil, 70 
Isophthalic acid, in dr>'ing oils, 88 
Isoprene, in inks, 87 
Isopropyl alcohol, in intaglio emulsoid inks, 337, 

338 
—, in intaglio inks, 283 
Isosafrole, ns a drier, 110 

Japan drier, in drying oil ink thinner. 208 
—, in quick-drying inks, 223 
Japan wax, in indelible ink, 400 
—, pigment lubricator, 233 
Job press, inking of, 367 
", uses of, 33 

Kaolin, filler, 132, 408 
in gloss finish inks, 412 
in ink remover, 481 

", in transfer ink, 316 
smudging preventative, 427 

—, thickener for drying oil ink, 207 
Kauri, in quick-drying printing inks, 232 
—-, in vehicles, 305 
", modifier, 129 
Kerosene, binding agent, 396 
—, emulsified, type cleaner, 421 
—, for cleaning type, 420 
—, in emulsion inks, 333 
—, in ink remover, 482 
—, in intaglio inks, 337 
—in modifier, 126 
—, in thinner for drying oil ink, 208 
", in treatment for temporary transfer base, 319 
—, odor of, masked by essential oils, 208 
—, pressroom use, 420 

Kerosene, thinner, for metallic inks, 362 
—, vehicles using, 85, 339 
Ketols, in dryii^ oils, 57 
Ketones, antioxidants, 123 
—, in cellulose inks, 282 
—, in intaglio inks, 276 
—, solubility of nitrocellulose in, 235 
—, wetting agents for pigments, 140 
Kettles, cleaning of, 99 
—, for stand oil, 90 
—, copper, uses, 370 
", stainless steel, uses, 370 
Kieselguhr, in quick-drying inks, 224 
", in ink remover, 481 
—, silica black from, 178 
—, thickener for drying oil ink, 207 
Kraft paper, aniline inks on, 350 

Labels, inks for, 390 
Lac, treatment of temporary transfer base with, 

314 
Lacquer, for printing on leather, 396 
—, in copper-plate printing, 341 
", in quick-drying inks, 231, 233 
- , in stamp-pad inks, 414 
—, in wood inks, 396 

preparation of, 88 
—, printing on, 383 
Lactic acid, aniline dye solvent, 353 
—, from cheese, 458 

hectographic ink modifier, 417 
—, m lithographic surfacing, 253 

in permanent inks, 400 
—, transfer base treatment with, 314 
Lake colors, in silicate mills. 273 
Lake forming dyes, as pigments, 157, 163 
Lakes, analysis of, 471 
—, defined, 491 
—, formation of, in transfer ink, 328 
—, properties of, 159 
—, standardization of, 466 
—, tannin, of aniline dyes, 388 
", water-resistant, 247 
Lake lied C, in aniline inks, 351, 352 
—, in copper-plate printing, 341 
—, in rubber plate inks, 409 
- , preparation of, 163 
", toning agent, 342 
", use as pigment, 157 
Lake Scarlet 211, pigment, 161 
Lakctine, pigment, 381 
Lampblack, from engine wastes, 223 
—, in bodying agent, 389 
—, in drying oil ink, 205, 206, 208, 209, 211 
—, in India ink, 41 
", in intaglio inks, 281, 283 
—, m letterpress ink, 222 
—, in linseed oil inks, 197 
—, in linseed oil varnisli substitutes, 222 
—, in lithographic crayons, 244 
—, in lithographic inks, 222, 249, 250 
—, in litho-matrices, 300 
—, in marking ink, 399 
—, in newspaper ink, 222 
—, in planographic inks, 260 
—, in protective against gasoline, 373 
—, in quick-drying inks, 220, 221 
—, in stencil inks, 415 
—, in typographic inks, 342 
—, in vitriolic inks. 41 
—, manganese dioxide as substitute for, 213 
—, manufacture of, 177 
—, strength of, 459 
—, testing of, 460 
Lamp oil, from engine w'astos, 223 
Lanolin, in fingerprint inks, 411 
—, in transfer ink. 327 
Lanthanum chloride, in intaglio inks, 288, 289 
Lard, in drying accelerators, 127 
—, in lithogra{mio ink, 250 
—, in lithographic ink thinner, 259 
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Lard, in transfer ink, 329 
Lard oil, non-drying oil, 32 
Laundry-marking inks. 398, 399 
Latex, in drying oil ink, 201 
—, in inks for rubber, 387 
—, in intaglio inks, 2W 
—, rubber matrix from, 297 
—, stabilizing emulsion, 388 
Laurel oU, in metallic ink, 359 
Laurie acid, pretreotment of zinc oxide with, 191 
Lavender oil, consistency variant, 380 
—, in asphalt films^ 290 
—, in lithographic ink thinner, 259 
—, in wash-out solutions, 245 
Leaching preventative, in planograpluc inks, 264 
Lead, backing for electrotypt's, 14 
—, compounds of, as wetting agents, 112 
—, electrotype molds from, 14 
—, gelation catalyst, 58 
—, gum arable films on, 244 
—, in driers, 124 
—, in lithographic inks, 349 
—, in processing dr>’ing oil ink, 211 
—, in typographic inks, 344 
—, in zinc lithographic plates, 246 
—, printing surfaces, 440 
—, pigment, 408 
—, pigments from, 166 
—, red, synthetic pigment, 31 
—, stand oil accelerator, & 
—, toxicity of, 434 
—, white, synthetic pigment, 31 
Lead acetate, basic blce<liiig inhibitor, 247 
—, in chrome yellow preparation, 139 
—, in dr>'ing oil ink, 208 
—, in transfer ink, 321 
Lead borate, drier for <lrying oil ink, 209 
—, flux for metallic pigments, 380 
—, in ink for glass, 379 
—, in molybdate orange preparation, 137 
—, vehicle for, 380 
Lead carbonate in lithographic ink, 248 
—, in molybdate orange preparation, 137 
—, in pigment preparation, 166 
—, oxidized, in pressure transfer ink, 329 
Lead chloride, in molybdate orange preparation, 

137 
—, in pigment preparation, 160 
Lead chromate, in chrome green, 144 
—, in chrome yellow, 139 
—, in fabric ink, 389 
—, in molybdate orange, 137 
—, in rubber ink, 387 
Lead cyanide, in molybdate orange preparation, 

137 
Lead derivatives, as driers, 32 
Lead driers, comparison with cobalt and man¬ 

ganese driers, 103 
—, effect on unsaturated comp|ounds. 
—, hardening of paint films with, 103 
—, in colored inks, 424 
—, in combination with cobalt, 104, 107 
—, in metallic inks, 366 
—, standard, for comparison, 108 
—, toxicity of, 391 
Lead ferricyanide, in molybdate orange prepara¬ 

tion, 137 
I^ead foil, printing on, 381 
Lead hyaroxide, leaching effect of, 264 
Lead linoleate, drier, 247 
—, formation in linseed oil, 150 
—, in newspaper inks, 221 
—, in quick-drying inks, 223 
Lead molybdate, in molybdate orange prepara¬ 

tion, 137 
Lead naphthenate, drier, 100, 104, 214, 342, 380 
—, in s^pathetic inks, 406 
Lead nitrate, chrome yellow from, 139 
Lead nitroprusside, in molybdate orange prepa¬ 

ration, 13/ 
Lead perborate, in molybdate orange preparation, 

Lead phthalate, action in alkyd resins, 106 
Lead pigments, action of sulphur in paper on, 476 
”, ns driers, 106 
Lead poisonmg, causes, 437 
Lead oleate, wetting agent, 211 
Lead oxide, effect on cottonseed oil, 83 
—, pigment, 380 
—, treatment of linseed oil with, 328 
Len<l resinate, drier, 100, 124 
—, in bronze lithographic ink, 250 
Lead salicylate, in overprint varnish, 370 
Lead salts, catalytic drier effect, 100 
”, in indelible ink, 399 
- in intaglio inks, 340 
Lead sheets, in photomtaglio prints, 291 
Lead silicate, in inobbdatc orange preparation, 

137 
Load soaps, ns driers, 100, 209, 333 
—, wetting agents, 147 
Lead stearate, drier, 209 
Lead sulphate in chrome yellow, 139 

in molybdate orange preparation, 137 
”, pipnent, 384 
—, resin test, 456 
Lead sulphide, lead test, 470 
Lead tetraethyl, drying propcrtie.s, 105 
Lead tungate, drier, 247 
Leafing, defined, 361, 491 
—, pigment relation, 365 
Leather, printing on, 223 , 395 
—, transfer ink tor, 320, 321 
Leavening agent, scKlium biearbonate, 398 
Lecethin, dispersing agent, 112 
—, emulsifying agent with fatty acids, 115 
”, from soybeans, 125 

prolongation of induction period by, 125 
purification of, 125 

”, wetting agent, 190, 333 
Length, defined, 491 
Letter press, ilofincd, 491 
”, printing, 263 
l.ever press, Senefelder's, 211 
Liennic acid, in oiticica oil, 70 
T.ight, effect on drying, 57 

effect on lithopones, 149 
—. efli'ct on silver emulsions, 295 
Light-fastness, defined, 465, 401 
—, of pigments, 431, 432 
—, relation to color, 462 
Light-fugitive dyes, 159 
Light proof inks, 466 
Light-resistant ink, 409 
Lignin, in groundwood, 479 
Lignite coke, method of increaMiig oxygen con¬ 

tent of, 182 
Lignoccric acid, in safflower oil, 80 
Lignone, in emulsion inks, 345 
Lime, ink removal with, 481 
”, planographic ink image reilucer, 245 
Limestone, lithographic stone from, 26, 240, 243, 

297 
Lime water, in manufacture of vellum and parch¬ 

ment, 39 
”, in stamping pad inks, 414 
Idmit of fluidity, in newspaper presses, 33 
Line cuts, printing pressure, 17 
Line drawing, transfer ink for, 329 
Line etching, as photochemical process, 15 
”, cost compared to half-tone, 16 
”, defined, 15, 491 
—, method of making plates, 16 
”, negative for, compared with half-tone, 17 
Linen, ink for printing on, 223 
—, paper from, 42 
—, tracings on. in zinc-processes, 300 
—, transfer printing on, 320 
Lines, minimum number, in screen, 17 
—, width of, in intaglio printing ,19 
Linoleates, ae driers, 105, 209, 391 
a-Linoleic acid, in grapeseed oil, 80 
j9-Lmoleio acid, in grapeseed oil, 80 
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Linoleic acid, in safflower oil, 80 
, in stillinKia oil, 81 

—, in tall oil, 76 
—, in waterproof inks, 400 
—, toning vehicle, 218 
Linolenic acid, in grapeseed oil, 80 
—, in litiseed oil, 58, 216 
—, in safflower oil, 80 
—, in tall oil, 76 
Linoleum, block base, 441 
—, inks for, 393 
—, printing on, 256 
Linotype mnchine, plastic type from, 195 
Linotype printing, defined, 491 
Idnoxyn, from drying oils, 46, 216 
l^insc(‘d fatty acids, as livering retardants, 126 
Linsee<l oil, acid-refined, in drying oil ink, 214 

action of litharge on, 53 
—, adulteration with mineral oils, 43 
—, aging of, 197 
—, binding agent, 216, 396 
—, boilefl, drying powers, 197 
—, —, in transfer ink, 327, 328 
- , testing of, 198 

boiling with lend oxide, 328 
—, breaking of, 49 
—, burning of, during bodying, 43 
—, catalytic dehytlrogenation, 82 
—, change of refractive index of, 56 

, clarifying of, 197 
- , —, by litharge, 198 
—, comparison NMth soybean oil, 78 

composition of, 216 
, consistency \anant, 376 

<k*coniposition of, 53 
-, defined, 491 

- liner content, 209 
, drying niechanLsm, 56 , 57, 225 , 248 

- , iliying tune, effect of diiers, lUU 
, effect of heating, 55 

, effect of antioxidants on, 124 
, heating, 49 

-, — light on, 58 
—, — metallic driers on, 53 
—, — processing, 49 
—, effect on, cellulose deiivatives, 377 
- , —, rubber blankets, 268 
—, elimination of greasiness from, 208 
—, emulsifying agent, 101, 342 
—, films, effect of antioxidants on, 124 
—, —, rate of oxygen absorption of, 58, 125 
—fumes from, 52 
—, fluorescence test, 456 

flusheil colors in, 193 
—, heat reactions, 51, 52 
- , in olkytl resins, 132 
—, in omalgam inks, 411 
—, in coating compositions, 396 
—, in currency inks, 408, 409 
-in (Irving oil ink, 205, 206, 208, 213 
- , in diying rt«ins, 129 
- in embossing inks, 397 
—, in emulsoid inks, 344, 345, 346, 348 
—, in fabric ink, 389 
—, in fusible transfer ink, 324 
- , in intaglio oil, 339 
- , in lithographic inks. 115, 249, 349 
—, in meat-marking ink, 392 
—, in non-frosting drying oil, 87 
—, in offset inks, 265 

in overprint varnish, 370 
—, in plate oil, 254 
—, in quick-drying inks, 220, 224, 232, 343 

, in stencil inks, 415 
—, in sympathetic inks, 405 
—, in temporary transfer base, 317 
—, in transfer inks, 313, 815, 321, 823 
—, in vehicle from rubber, 200 
—, in water-soluble transfer ink, 328 
—, in w'rapper inks, 391 
—, method of bodying, 47 
—, method of determining adulteration of, 45 

Linseed oil, method of manufacture, 47 
—, mixed with sunflower-seed oil, as vehicle, 79 
-, mixing of pigments with, 211 
", mixture of driers with, 101 
—, modifiers, 83, 361 
—, oil-soluble resins in, 225 
—, oxidation of, 55, 120 
—, polymerization of, 47 
—, pressure-heat polymerization, 54 
—, properties of, 409 
—, refining with alkali, 56 
—, solubility of chlorinated rubber in, 410 
—, steam treatment of, 54 
—, storing to reduce yellowdng of inks, 198 
- , substitute for, 32, 73, 84, 205 

, suppression of yellowing, 211 
—, thinner, 204 , 258 
—, varnish base, 362 
—, varnishes, effect of drying accelerant in, 224 
—, —, in emulsoid inks, 342, 343 , 345 
—, —, in lithographic ink, 346, 347 
—, —, in newspaper ink vehicle, 217 
—, —, settling rate of, 342 
—, —, spontaneous ignition of, 419 
—, —, substitutes for, 222 
--, —, viscosity relation to petrolatum, 116 
—, vehicle, 47, 216, 226, 379 
—, water mix inhibitor, 434 
—, wetting agents, 333 
—. yellowing of ink containing, 197 
Licjuid paraffin wax, in emulsion inks, 332 
Laiuid rosin, d(dined, 491 
I.Hjuid soap, in gloss finish inks, 412 
Lapiid tar, in mineral-oil ink, 220 
Lupiefied rubber inks, 203 
Liquefied rubber, see crepe or crude plantation 

rubber 
Liquefying str(‘ss, defined, 491 
1 fit barge, action on linseed oil of, 53 
—. clarifying agent for oil, 197, 198 
—, in drying oil ink, 206, 208 
- in ink for glass, 379 

, in pigment preparation, 166 
Lithographic chalk, composition, 253 
—, defined, 491 
—, in de.'^ign application, 241, 253 
luthographio inks, compositions, 249 
- concentration of, 247 
—, criteria for, 263 
—, delkjui*scent substanci's in, 115 
—, diluent composition for, 259 
—, ('mulsification in, 35 
—, etching eff(*ct in, 34 
—, gum modifier in, 116 
—, glycerol mcHlifier in, 115 
—, maltha used in, 219 
—, phenol in, 116 
—, pigments for, 136, 194 
—, polyhydric alcohols in, 115 
- -, prertKiuisites of. 35 
- , properties of, 219 
—, requirements of, 134 
- uses, 252 , 316 
Lithographic matrices, preparation, 299 
Litliographic paper, absorbency of, 484 
—, preparation of, 483 
Litiujgraphic plates, in photo off.set printing, 303 
Lithographic printing, compositions for, 220, 247 
—, paper for, 483 
—, poster lake, for, 160 
Lithographic processes, 297 
—effect of driers in, 107 
—, printing transfer bases by, 314, 316 
Lithographic stone, defined, 240, 491 
—, preparation of, 254 
—, waterproofing in transfer printing, 312 
Lithographic surfaces, treatment of, 252 
lathographic varnishj defined, 491 
—, drying oils used in, 115 
—, effect of alkali salts on dampening by, 116 
—, emulsifying agent, 114 
—, grease as modifying agent for, 204 
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Lithographic varnish, heating treatment of, 93 
—, in emulsoid inks, 331, 342, 347 
—, in sympathetic inks, 406 
—, in transfer ink, 321, 325, 326 
—, method of incorporating pigments in, 251 

linseed oil in, 115 
—, modifying agents for, 204 
—, pigments in, 144 
—, resin oil in, 116 
—, tung oil in, 115 
Lithography, aluminum plates for, 26 
—, characteristics of process, 26 

defined, 491 
—, difficulties, with tin plates, 256 
—, disadvantages, 26 
—, heat treated drying oils in, 32 
—, history, 25 , 240 
—, limestone for plates, 26 
—, peculiarities of process, 34 
—, pigment for, 34 
—, preparation of stone plates, 26 
—, relation to offset printing, 27 
—, relation to planography, 25 
—, theory of. 243 
—, vehicles for, 34 
—, zinc plates ifor, 26 
Lithol barium toner, in quick-drying ink, 239 
Lithol Fast Orange, as a pigment. 164 
Lithol Fast Scarlet R, ns a pigment, 132 
Lithol Maroon, properties, 169 
Lithol Red, in aniline inks, 351 
—, in lithographic ink, 250 
—, in rubber plate inks, 409 
—, properties of, 157, 163, 168 
—, preparation of, 163 
Lithol Rubine, properties of, 163, 168 
Lithol sodium toner, in quick-drying inks, 239 
Litho-platcs, for offset printing, 298 
Lithopone, inorganic pigment, 31 
—, in quick-drying ink, 239 
—, in temporary transfer base, 317 
—, in vehicles, 230 
—, methods of dispersing, 191 
—, oxidation inhibitor, 248 
—, preparation of, 148 
—, resin filler, 132 
—, tinting strength of, 146 
—, wetting agents for, 112 
Litho-vamish, from peat, 77 
Livering, causes of, 73, 125, 419 
—, defined, 125, 420, 491 
—, effect of, acid value on, 125 
—, —, calcium hydroxide on, 125 
—, —, fatty acids on, 244 
“* —I gloss white on, 156 
—, —, lead pigments on. 137 
—, —, mineral oils on, 126 
—, —, modifiers on. 111 
—, —, petroleum jelly on, 126 
—, —, sulphanilic acid on, 125 
—, —, Venice turpentine on, 126 
—, ~, water on, 126 
—, in intaglio inks, 275, 277 
—, in tung oil, prevention of, 65 
—, prevention by rapid heating, 54 
—, retardants, albumin, 126 
—, —, aluminum naphthenates, 126 
—, —, aluminum sulphate, 126 
—, —, calcium glycerophosphate, 126 
—, —, calcium gluconates, 126 
—, —, malic acid, 54, 126 
—, —, manganese gluconates, 126 
—, —, oxalic acid, 54, 126 
—, —, phosphates, 126 
—, —, phosphoric acid, 126 
—, —, tannin, 126 
—, tests, 456 
Livers, defined, 30 
Locust beans, gum from, 129 
Logwood, adulterant in gall inks, 42 
Logwood-iron lake, bleachable pigment, 402 
Long, defined, 30 

Long ink, defined, 199, 263 
Lorol, sulphonated, cleansing mixture, 252 
Lubricating oil, from engine wastes, 223 
—, in emulsoid inks, 345 
- , vehicle using, 85 
Lubricating soap, in drying-oil ink, 199 
Lumbang oil, vehicle, 77, 81 
Lvcopoiliuin, drier, 259 
Lye, removal of ink from paper by, 481 
Lysol, in gloss-finish inks, 412 
—. in quick-drying inks, 400 

KAachine oil, to inhibit mixing of ink and water, 
434 

MacMichael viscosimeter, 444 
Magazine coverings, printing of, 368 
Magazines, plates for, 12 
—, use of typography in, 195 
Magenta, in hectograph inks, 417 
—, in safety inks, 407 
—, pigment propertii's of, 158 
Magnesia, burned, as modifier for drying oil ink, 

213 
—, for bodying inks, 117 
—, in intaglio inks, 280 
—, in mineral-oil inks, 219 
—, in rubber inks, 410 
—, pigment properties, 381 
—, smudging preventative, 427 
—, to inhibit mixing of water and ink, 434 
Magnesium, in lithographic inks, 319 
—, testing for, 458 
—, use as drier rornponent. 104 
Magnesium caihonate, effect on spreading and 

setting of ink, 117 
—, extender, 149, 156 
—, in inks for cellulose ester plastics, 377 
—, in intaglio inks, 275, 281 
—, in planographic inks, 244 
—, in preparation of lithographic plates, 298 
—. in sympathetic inks, 404, 405 
Magnesium chloride, use in manufacture of drying 

oil ink, 211 
Magnesium hydroxide, extender, 149 
- , in quick-drying inks, 226 
Magnesium olente, in emulsion inks, 331 
—, in printing inks, 116 
Magnesium oxiilo, extender, 150 
—, in quick-drying inks, 226 
—, in drying-oil ink, 200 
—, in water-soluble transfer ink, 329 
—, magnesium carbonate substitute, 245 
Magnesium pnlmitato, in emulsion inks, 331 
—, in printing inks, 116 
Magnesium salts, in intaglio inks, 340 
—, in overprint varnishes, 127 
Magnesium silicofluoride. extender, 149, 151 
Magnesium soap, ns swelling agents in drying-oil 

ink, 206 
—, in overprint varnishes, 127 
—, in typographic emulsion inks, 341, 342 
Magnesium stearate, in emulsion inks, 331 
—, in printing inks, 116 
Magnesium sulphate, as a dispersing agent, 115 
Mahogany sulphonates, ns wetting agent.s, 112 
—, ns stabilizers in emulsions, 115 
—, definoil, 491 
—, in emulsion inks, 331 
—, in intaglio emulsion inks, 338 
—, in planographic inks, 250 
—, preparation, 113 
Make-read^ defined, 491 
Malachite Green, in aniline inks, 351 
—, in hectoOTEph inks, 417 
—, in inks for cellulose ester plastics, 376 
—, in quick-drying printing inks, 233 
—, pigment properties, 1,58, 172 
Maleic acid, antioxidant, 122 
Maleic acid resins, effect on tack, 131 
Malic acid, livering retardant, 54, 126 
Malonic ester, solvent for Tckaolization, 60 
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Maltha, in newspaper printing, 219 
—, physical constants of, 219 
Manganese, driers from, 32, 100, 102, 103, 124, 152 
—, in ball mills, 273 
—, in non-inflamrnablc ink, 410 
—, in typographic Jiiks, 344 
—, stand oil accelerator, 83 
Manganese acetate, in transfix ink, 321 
Manganese borate, in drying-oil ink, 209 
—, in inks for eurrencv, 409 
—, m metallic inks, 365 
—, in planographic inks, 255 

ill sympathetic inks, 406 
—, in wrapper varnish, 391 
Manganese compounds, in pigments, 140 
Manganese dioxide, as substitute for carbon 

black, 213 
—, — lampblack, 213 
—, brown shade of, suppression with nigrosine, 

213 
—, bulk density of, for use in drying-oil ink, 213 
—, effect on clogging. 117 
—, impregnation of, with iron tannate, 213 
—, in black ink, easily removed by hydrogen 

chloride, 213 
—, in drying-oil ink, 213 
—, in inks for glass, 380 
—, in lithography, 250 
—, moisture content of, 213 
—, pigment properties of, 141, 177 
—, preparation of, for pigment purposes. 213 
—, treatment of drying oil with, 206 
Manganese gluconate, livering retardant. 126 
Manganese liydroxide, in planographic inks, 264 
Manganese hydroxide, vehicles U‘<ing, 85 
Manganese linoleate, drier, 247, 366 
Manganese nnphthenate, witli had naphthenate 

ns drier, 104 
Mangane.se oxide, see manganese <lioxi le 
Mangane.se n'-sinales. ns drieis, 124 
—, in leltei -piess ink, 222 
--, in lithogiaphic inks, 349 
Mimgane.se salts, in indelible inks, 309 
—, in ribbon inks, 416 
Mangane.se soaps, in drving-oil inks. 209 
—, in emulsion inks, 333 
Manganese tungate, drier, 247 
Manila gum, in fluore.scent ink, 402 
—, in quick-drving inks. 239 
—, shellac stibstitute. 355 
Manila Loba C, ie.sin, in ink.s for labeb. 391 
^TanlIa pontianak, ‘<hrllac substitute, ?5.’) 
Mannitol, fatty aeid estt-rificatloii (*f. 82 
Manuscripts, use of colored ink in ilium.natmg, 

in Kurope, 41 
Marking inks, 398, 399 
Maroon lakes, pigment properties of. 162 
Marseillc.s soap, m planographic inks, 252 
Ma.s.s-tone, defined. 491 
Mastic, III gum, 255 
- -, in India ink, 253 
Matching C(*lo:s, 418 
Matheson process, white lead, 150 
Mats, in newspaper printing, 218 
Matte paper, metal inks on, 362 
Matte finishe.s, with varnishes, 275 
Matting agents, 275 
Mauve, dye, 157 
Meat-marking inks, 392 
Meat-wrapper inks, requisites, 390 
Medicated printing inks, 128 
Meilicinal labels, inks for, 391 
Moiliiim chrome yellow, pigment properties, 170 
Meinels hydrogenation method, 46 
Memorials, early writings for, 37 
Menhaden oil, os a substitute for linseisl oil, 32, 

81 
—, in drying-oil inks, 198, 204 
Menthol, use ns drier, 110 
Mercuric nitrate, in svinpathetic inks. 406 
Mercuric oxide, transfer printing of pottery with, 

312 

Mercuric sulphide. In 8}mipathetic inks, 406 
—, preparation of, 136 
Mercurous nitrate, in lithographic ink, 255 
Mercury, in pantome ink, 255 
—, toxicity, 434 
—, use in lowering melting point of zinc and lead 

alloys, 211 
Mercury hydroxide, in quick-drying inks, 226 
Mercury lamp, ultraviolet rays from, 456 
Mercury oxide, in quick-drying inks, 226 
Mercury salts, in amalgam inks, 411 
Mesothoriurn salts, in fluorescent inks, 401 
Metal coatings, 118 
Metal driers, in newsprint, 221 
Metal foils, intaglio inks used, 282 
—, printing on, 117 
Metal halide acids, rubber pol^Tnerizing agents, 

231 
Metallic acetates, pigments from, and their effect 

on drying of oils, 106 
Metallic catalysts, a.s ink hardeners, 32 
Metallic content, measurement for driers, 109 
—, of naphthenate driers, 105 
Metallic couples, 246 

Metallic driers, in linseed oil, 53 
Metallic inks, preparation of, 358. 367 
Metallic oxides, use as driers, 101 
Metallic particles, a.s transfer ink, 319 

Metallic pigments, 152, 361 
Metallic pi^ents, in indelible inks, 399 
Metallic prints, on fabric, 389 
Metallic .«ioap.s, as oxidation cataly.«t. 119 
—, a.s swelling agent in tlryiiig-oil ink, 206 

, as wetting agents. 111 
—, in mineral-oU ink.s, 223 
—, m printing ink, 100, 116 
- in stencil pastes, 116 
—, method of making, 101 
Metal plate lithography, 240 
Metals, in driers, 149 
—, order of activity as drier.s, 102 
—, printing on, 394 
—, limiting on, offset process for, 29 
—, relation between dr\ mg aetum and perio<iic 

po.sition, 102 
- transfer printing on. 315, 320 

Metal type, dies for, 12 
—, history of. 12 
—inventor of, 11 
- , nianufactuio of, 12 
—, sand molds for, 12 
Methucrylate resins, in quick-dr\ ing ink.*?, 234 

Methanol, see methyl alcohol 
2-Mcthoxv-4-mcthvlphcnol, effect on skinning, 

124 
Methoxy radical, effi^t on oxidation, 124 
Mothvl nlc<^hol, aniline ink .‘solvent, 353 
—, effect on density of inks, 126 
- effect on drying of inks, 376 
—in antioxidants, 125 

, in leather-printing ink, 395 
—, in planographic inks, 248 
- , in iiuick-drying inks, 230 

m s>nthesia of Methyl Violet, 158 
—, m .synthesis of terpenio ethers, 118 
—, in transfer printing, 313 
—. solubility of celluloiie derivative.s in, 77, 375 
—, .solvent for offset preventive.s. 427 
Methylateil spirits, in indelible inks, 399 
—. in intaglio inks, 277 
Methylene Illue, in lu'ctogiaph inks, 417 
- , in indelible ink, 400 

in mineral-oil inks, 218 
- , in printing inks, 233 
- , in tran.sfer ink. 327 
—. in rota gravure ink, 347 
Methylethylene glycol, in inks for rubber, 387 
—, in intaglio inks, 284 
—, in quick-drydng inks, 231 
Methylene Yellow, in water-soluble transfer ink, 

328 
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Methyl “Cellosolve,” solubility of ethylacetafe in, 
235 

Methylccllulose, as a dispersing agent, 112 
—, cadmium yellow in, 139 
—, in emulsoid inks, 346 
—, in inks for cellulase ester plastics, 374 
—, in photogravure inks, 349 
—, in quick-drying inks, 230 
Methylcyclohexanol, in tlrying-oil inks, 208 
—, in intaglio inks, 277, 2^ 
Methylcyclohexanone, in intaglio inks, 283 
Methylcyclohexylidenemethylcyclohexanone, in 

stamp-pad inks, 414 
Methyl halides, in intaglio inks, 271 
Methyl isobutyl ketone, in inks for cellulose ester 

plastics, 376 
Methyl lactate, solubility of ethyl cellulose in, 235 
p-Methylphonol, m cleaning agents for rollers, 421 
Methyl salicylate, in indelible printing inks, 399 
Methyltoluenesulphonamide, plasticizing agent, 374 
Methyl-o-toluidine. in hectograph inks, 417 
Methyl Violet, in aniline inks, 3M 
—, in enamillene methmls, 294 
—, in hectograph mks, 417 
—, in indelible inks. 400 
—, in meat-marking ink, 392 
—, ill mineral-oil inks, 218, 219 
-, in planographic emulsoid inks, 348 

—, in quick-drying inks, 233 
—, in rubber plate inks, 409 
—in stamp-pad inks, 413, 414 
—, pigment properties of. 158 
Metol-hydroqiiinone, developei, 295 
Mezzotints, acid etching of. 22 
—, acid etching, use ot ax in, 21 
—, defmeil. 491 
-heating of plate, 21 
• history, 20 

, method of making plates, 20 
—, relation to pliotoeiigiaving, 21 
—, shailing in, 21 
—, use of etching nee«l)e in making, 22 
—, use of rocking-tool in, 20 
Mica, extender, 154 
Micelles, formation during drying, 57 
\ncrography, ink-paper relation by. 451 
\licronex Mark II, carbon black, 180 
Microscope, in pigment testing. 458, 465 
Microscopy, ink-paper relations by, 451 
Mid-Continent naphtha, oil from, 85 
Milan Blue, in intaglio inks^, 280 
Mildew, protective agent f<»r, 397 
Milk, to prevent offset, 426 
Milk bottle caps, inks for, 392 
Milk containers, inks for, 391 
Millet jelly, in starch base inks, 412 
Milling, of carbon black, 179 
—, of ink, addition of driers during, 102 
—, of pigments, 179, 191, 383 
Mills, classihod, 191 
Milori blue, in inks for currency, 408 
—, in intaglio inks, 283 
—, in overprint varnish, 371 

in planographic inks, 258, 266 
~, in rubber-plate inks, 409 
—, in stencil ink, 415 
—, in typographic emulsion inks, 342, 344 
—, light-fastness, 432 
—, tfee alxo Prussian blue 
Milori green, pigment properties, 144 
Mimeograph inl^, 412, 414 
Mimeographing process, 414 
Mineral black, pigment properties, 174 
Mineral colors, pigments, 1^ 
Mineral content of paper, effect on printing, 476 
Mineral grease, in mineral-oil inks, 223 
Mineral oil, absolution bv uncoateil paper, 32 

adulteration of linseed oil by, 43 
—, as a plasticizer solvent, 118 
—, delink, 491 
—, drying of, 301 
—, effect of modifiers on, 32 

Mineral oil, effect on fluidity of transfer ink, 324 
effwt on livering, 126 

—, in absorbent-paper inks, 284 
—, in fabric-marking ink, 300 

m gloss inks, 412 
—, ink vehicle, M, 114 
~ , in news inks, 216-224 , 480 
—, in planographic emulsion ink, 348 
—, in <{uick-drying inks, 230 
—, in sulphite waste liquor ink, 345 
—, in tiansfer ink, 327, 329 
—, in typographic emulsion inks, 342, 343, 344 
—, moisture determinant, 469 
—, pressroom use, 420 
—, refining, 222 
—, testing, 456 
Mineral pigments, testing, 470 
Mineral pitch, in letterpress inks, 222 

Mineral salts, as dispersing agents, 115 

Mineral size, effi'ct on permeability of paper, 474 
Mineral spirits, defined, 491 
-m quick-drying inks, 276 
—, in stencil pastes, 116 
Mineral turpentine, in printing inks, 221 
—, properties of, 221 
Mineral \‘iolet, pigment pioperties. 173 

Mineral wax, modifying agent for lithographic 
varnish, 204 

Minium, defined, 491 

Mistmg, defined, 491 
Misting of ink, 433 

Mixed gl>ceruh*s, in nature, 82 

Mixing, of ink, addition of driers during, 102 
Mixing null, for rubber, 115 
Mobility-temperature relation, 447 
Mochyl paliiiitatcs, in liolly, 342 
.NIiMlifiers, defined. 111 
- , effect on covering power and drying power of 

mks, 33 
— drying speed of printing inks, 111 

, elimination of offset by, 111 
- , in aniline inks, 350 
—, in drymg-oil inks, 201, 203, 204 
—, in emulsion inks, 331 
- , in hectograph inks, 417 
- , m intaglio mks, 282 
—, in lithographic inks, 258 
—, in offset inks, 265, 267, 269 
—, retluction of tack by, 111 

, use of, m transfer printing, 314 
Moisteners, in planographic mks, 258 
Moisture, fletcrmination, 469 
—, ill emulsoid inks, 346 
", m lithographic inks, 34 

Moisture content, of carbon black, 184 
-, of manganese dioxide, 213 

, relation to humidity, 484 
Molasses, in starch base inks, 412 
—, in stencil inks, 415 
—, in water-soluble transfer ink, 329 
Molecular complexity, effect of oxygen absorp¬ 

tion, 61 
Molecular configuration, of proteins, 337 
Molecular refraction, of drying oils, 451 
Molecular surface properties, determination of, 46, 

47 
Molecular weight, dcteimination.s, freezing point 

method, 50 
—, —, viscosity method, 60 
—, of aniline ink solvents, 353 
—, of linseerl oil, 51 
—, of Tckaols, 61 
Molybdated lakes, pigment properties of. 159, 160 
Molybdate orange, pigment properties of, 136-137 
Molybdenum, stand-oil accelerator, 83 
Monastral Blue, pigment propeiti<*s of, 165, 173 
Monel metal kettles, 90. 370 
Monobutylphenyl sodium sulphate, in emulsion 

inks, 341, 342 
Monochrome prints, drying of, 230 
Monolite Yellow Q, pigment, 388 
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Monomolecular films, of drying oils, compression 
of, 63 

—, of pigments, 190 
Monomoleculur layers, of wetting agents in var¬ 

nishes, 111 
Monotype printing, defined, 492 
Mon tan wax, in drying-oil ink, 202 
—, in intaglio inks, 275 
—, in quick-drying inks, 233 
—, in transfer inks, 325 
Mordant dyes, as piji^ents, 157, 161 
Morpholine, emulsifying agent, 115 
Motion-picture films, moisture proofing, 377 
Mottled impressions, from thin inks, 1^ 
Mottling of inks, elimination, 420 
Mounting, half-tone plates, 18 
—, wood, for electrotypes, 14 
Movable typo, origin of, 10 

printing from, 43 
Multicolor printing, cost and diffirultios of, 218 
—, of wrappers, 390 

processes, 228 
—, solvents used in, 272 
Miiltigraphing, inks for, 412, 416 
Multiplica tor, hollow cone, 463 
Musk, in India inks, 41 
Mutton tallow, effort on offset, 117, 253, 430 
Myristic acid, in safflower oil, 80 

Naphtha, offoot on viscosity of inks, 117 
, for sizing paper, 361 

- , in drying-oil inks, 203 
—, in emulsions, 115 

in fabnr-marking ink, 398 
- , m indelible inks, 399 

in inks for wallpaper, 397 
•, in motalbr inks, 363 

- , in quirk-clrMiig inks. 224, MO, 231, 235 
- , solubility of nitrooellulo.''e in, 235 

use with driers, 101 
Naphthalene, alkylated, in planographic inks, 260 

-, in drying-oil ink, 215 
in planographic inks, 259 
.solvent for polystyrene, 132 

Naphthalene-aldehyde product, effect on fluidity 
of inks, 112 

2,6-Naphthalenedisulphonic acid, in intaglio inks, 
281 

Naphthalenesulphonates, in emulsion inks, 349 

Nnphthalenesulphonic acid, in leather-printing 
inks, 395 

- . in printing inks, 129 
Naphtlialocyanines, pigments from. 167 

Naphthanthrnquinone, pigment, 165 
Nnphfhenntes, alkaline-earth, effect on carbon 

black, 185 
—, cobalt, ns drier, 100 
—, driers, solubility comparr^l with .stearates, res- 

inates, and linolentes^ 105 
—, —, compatibility with phenolic resins, 105 
- , —, odor, 391 
- , hydroxy metal salts, ns driers, 100 
—, in drying-oil inks, 209 
~, wetting agents, 189, 333 

Naphthenic acid, amine salts of, as stabilizers for 
driers, 102 

", in varnish. 84 
—, salts, ns dispersing ngents, 113 
—, —. as driers, 113 
«-Naphthol, antioxidant, 120, 121, 123, 124, 125 
—, in quick-drying inks, 226 
^-Nyahthol, antioxidant, 120, 121, 123, 125 
—, effect on drying. 64 
—, in indelible inks, 400 
- , in quick-drying inks, 226 
—, in safety inks, 407 

, in water-soluble transfer ink, 328 
—, pigments from, 163 
Naphthol Black, in typographic ink, 344 
Naphthol lakes, properties, 170 
Naphthol AS-BS Tcnuidinc, properties, 169 

Naphthol Yellow, pigment. 161 
tt-Naphthylamine, antioxidant, 121 
/3-Naphthylaminc, antioxidant, 124 
2-Naphthylamine-l-8ulphonio acid, pigments 

from, 163 
Natural asphalts, list of, 219 
Natural gas, carbon black from, 176 
Natural oils, special treatment, 81 
Natural pigments, as antioxidants, 122 
—, elimination from modern inks, 31 
—, m poster work, 31 
—, properties of, 31 
Natural resins, copal, 391 
—, crystallization of, 130 
—, dammar, 391 
—, in printing inks, 129 
—, polymerization of, 130 
Natural substances, in printing inks, 31 
Natural waxes, effect on tack, 116 
Neat's-foot oil, for treatment of temporary trans¬ 

fer base, 319 
—, non-drying oil, 32 
Negatives, broken-tone, 293 
—, plates from, 16 
—, transparent positive from, 23 
Neozone Standard, antioxidant, 124 
Neutral lakes, pigments, 161 
Neutral oil.s, from cannel coal, 220 
Neutral oils, from coking coals, 220 
Newspaper, color printing, 424 

, file copies, 480 
half-tone, screen for, 17 
inks, 84, 148, 199, 216-224, 472, 479 
—, asphnlt.** usetl in, 221 
—, carbon black pigment for. 480 
—, con.sist€*ncv of, 217, 218 
—, defined, 492 
—, drying properties of, 480 
—, fluidity of, 480 
—, hardening of, 217, 480 
—, lin.seed oil in, 208, 480 
—, maltha used in, 219 
—, non-drying ink for, 477 
—, penetration, 218, 447, 450 
—, relation between pigment and vehicle, 480 
—, removal from paper. 480 
—, removal of, turpentine in, 480 
—, rosin oil in, 480 
—, show through in, 479 
—, terminology used. 219 
—, toners in, 480 
—, type of ink for, 472 
—, vi.scosity change with temperature. 480 
paper for. 196 
—, from alkali treated pine, 480 
—, from spruce, 480 
plates for, 12 
printing, 216 
—, use of rotary press. 196 
record copy by photography, 480 
use of typography in. 195 

Newspaper pre.sses, ink useil with, 33 
New'spaper supplements, rotogravure printing in. 

22 
Nu-kel, catalyst, use in hydrogenating rubber, 202 
—, in ball mills. 273 
—, pigment, 380 
—, plating, 295 
—, rotogravure plate, 293 
—, stand oil accelerator, 83 
—, use in eU'Ctrotypes, 14 
Nickel chloride, in tanning, 288 
Nickel chromates, in tanning, 289 
Nickel-conte<l steel kettles, 90 
Nickel hydroxide, in quick-drying inks, 226 
Nickel nitrate, in planographic inks, 2.58, 347 
Nickel oxide, in quick-drying inks, 226 
Nickel sulphate, efft'ct on lithopone, 150 
—, in lithography, 258 

Nicotine, in emulsoid inks, 347 
Nigrometer, measure of blackness, 463 
Nigrosine, in mineral-oil inks, 218 
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Nigrosine, in planographic emulsion ink, 348 
—in hectograph inks, 417 
—, in inks for cellulose ester plasties, 376 
—, in rneat-nmrking inks, 392 
—, in typographic emulsion inks. 343 
—, suppression of brown shade of manganese di> 

oxide by, 213 
Nineteenth century printing inks, materials ust*d 

in. 37 
o-Nitraniline, pigment propertii‘8, 171 
Nitrated natural resins, in vehicles, 281 
Nitration, of resins, 282 
Nitric acid, etching solution, 26, 300 

-, in meat-marking ink, 392 
in quick-dr>’ing inks, 232 

—, treatment of anthracene oil with, 220 
—, - sulphite licpiors by, 344 
—, zinc sensitizer, 243 
Nitric oxide, drying accelerant, 427 

Nitroanilme, antioxidant, 123, 124 
Nitrobenzene, as a dispersing agent, lit 
—, effect on drving of inks, 114 
—, in preparation of Methyl Violet, 15.S 
—, iiiterfacial tension of, in water, 332 
—. toxicity, 434 
Nitrobenzene hvpochlorate, m meat-marking inks, 

392 
Nitn>ceHulose, binding agent, 77 
—, compared with rubber as binder, 410 
—, dispersing agent, 112 
~, effect on tack, 2^ 

ground with pigments, 112 
—in aniline inks, 354 

, in fabric-marking inks, 388 
—, in inks for cellulo.se ester plastics. 371, 376 
—. in intaglio inks. 281, 282, 284 
—, in h'ather-printmg ink, 395, 396 
—, in linoleum lacquer, 393 

in metallic mk.s, 364 
in planographic inks, 249, 260 
in quick-drying inks, 232 , 233 , 234 . 239 
in sympathetic inks. 404 
in temporary transfer ba.se, 31.5, 317, .319 

—, in transfer ink, 315, 318, 323 
—, properties of. 235 
—. »ee aho cellulose nitrate 

shellac sub»titute, 355 
—, solubility of. 234 . 235 
Nitrocellulose lacipier, in overprinting, 372 
—, in quick-drying printing inks, 232 , 233 
—, in wood grriin printing, 391 
—, volatility 232 
—, with mordant dye, 163 
Nitro dyes, pigments, 161 
Nitrogen, in fluorescent inks, 402 
Nitrogen oxides, crystallizing agents, 66 
Nitrogen peroxule, dry'ing accelerant, 427 
Nitrophenol, antioxidant, 123 
Non-break oil, defined, 79 
Non-Bronze Blue, properties, 173 
Non-drying oils, as pln.sticizers in printing inks. 

118 
—, derived from vegetable matter, 32 
—, defined, 492 
—, in newsprint printing, 477 
—in transfer ink, 318, 324, 329 

Non-evaporating inks, 220 
Non-skin forming inks, 220 
Non-tnin-sferable ink, use on carbon papers, 319 
Norway spruce, in ink manufacture, 42 
Novolak, .shellac substitute, 355 
Nutgall, in medicated printing ink.s, 128, 388 
Nut oil, ase in printing ink, 198 

euchre, as a natu-al pigment, 31, 140, 408 
—, composition, 140 
9,11-Octadecadicne-1-carboxylic acid, in ink per¬ 

fume, 438 
Octyl alcohol, as a wetting agent, 333 
—, in intaglio emulsoid inks, 387 , 838 
Oiticica oil, advantages of, 69 

Oiticica oil composition, 70 
—, in quick-drying typographic ink.s, 343 
—, lead-cobalt drier for, 108 
—, properties, 67, 70 
—, relative amount of drier necessary, 108 
Odor, in drying-oil inks, causes, 437 
—, in printing inks, 128, 437 
—, —, methods of removal, 128, 391 
—, of cellulose inks, 282 , 
—, of varnish, detection, 454 , 
Offset inks, 134, 266, 260, 349 
—, characteristics, 263 
—, emulsion, 346 
—, gloss, 266 
—, gold size, 368 
—, moflifier, phenol, 269 
—, motlifiers, 267 

quick-drying, 348 
—, thinners for. 126 
—, viscosity, 267 
Offset printing, 240 
—advantages, 302 
—, blankets for, 439 

tlefined, 302, 492 
-, discussion of process, 27 

—, “filling up" in presence of excess driers, 107 
—, high-speed, for printing transfers, 317 
—, hovering of tack by excess driers, 107 
—, of metal ink.s, 367 

-. paper for, 27 
relation to lithography, 9. 2.5. 27 

—, — relief printing, 27 
-, shading in, 27 

—use of impression roller in, 27 
— rubber patl in, 27 

—, — zinc plnte.s in. 27 
-. use. on metals, 29 

Offsetting, caiLsed by train oil m ink. 197 
. defined, 30, 492 

-fleseription, 425 
. elimination, 425 

elimination in drying-oil ink, 206 
-, elimination in transfer printing, 318 

factors controlling. 218 
in high spe*xl press, 479 

, in newspaper inks. 216, 217, 218 
—, of temporary tran.sfer bases, 314 

prevention of, 237 
—, witli aluminum powder on transfer bases, 

318 
—, - with aniline inks, 357 
—, —, with beeswax, 2(^ 

—, with cornstarch, 382 
—, with wax as modifying agent in drvmg-oil 

ink, 204 
, problem.s, 425 

with calendered paper, 472, 474 
Oleates, as wetting agents, 116, 346 
f)leic acifl, dispersing agent, 114 

-, drying inhibitor, 413 
, in fabric-marking ink, 390 

in grapesecd oil, 80 
, in intaglio emulsion inks, 338 

in intaglio ink.s, 280, 284 
-, in meat-marking ink, 392 
-, in mineral-oil ink.s, 218, 224 
-, in permanent printing ink.s, 400 
-, in planographic inks, 244 

, in safety ink. 407 
- , in snfflow’er oil, 80 
—, in sldlingia oil, 81 

-, in tall oil, 76 
in typogrni)liic emul.sion ink.s, 342 
solvent for bu.sie <lycs, 160 

—, substitute for, 451 
Olein, as modifier for drying-oil ink, 213 
Oleomargarine, in ribbon inks, 416 

Oleo resin eater, in printing inks, 233 

Olive oil, as a non-drying vegetable oil, 32 
—, in transfer printing, 813 
—, lubricant, preparation of aluminum powder, 

152 
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Oil absorption, defined, 469 
—, on pigment, 199 
—, tests, 469 
—, lelations, 450 
—, specific weight relation, 442 
Oil coatings, to prevent offset, 229 
Oil-dr<jp method, penetration measure, 448 
Oil-flotation, penetration process, 448 
Oil-modified phenolics. Use in drying-oil ink, 208 
Oil of amber, effect on v'lscosity of inks, 380 
t)il of bitter almonds, in ink remover, 441 
Oil of citronella, effect on ink odors, 279 
Oil of cloves, in drying inhibitor, 421 
—, 111 thinner for drying-oil ink, 208 

in transfer ink, 328 
Oil of lavemler, in overprint varnish, 373 
—, in transfer ink, 328 
Oil of sassafras, in thinner for drying-oil ink, 208 
Oil of tar, in wash out solutions, 245 
Oils, classification, by iodine number, 32 
—, color, 453 

, cooking t)f, 370 
- , crude, for treating waste rubber, 200 
—, defined, 492 
- , detection, 457 
—, disj)ersion media, 190 
—, drying of, m pr»'sence of lead, cobalt and 

manganese tlriers, 107 
—, with sulphur immochloride, 110 
—, effect of driers on, 100 
—, niiulsions. borax umsI, 115 
---, calcium chloride used, 115 

•, increase of refiactive index with inctca‘'ing 
iiutlecular weight, 46 

—, mcr(*aso of refiactive index with increasing iin- 
satuiation, 46 

—, in fabric-marking inks, 390 
in inks for cellulosi* ester plastics, 377 
in lnc(itiers, 372 

- , in newspaper inks, 210, 222, 224, 480 
- , in stencil ink.s. 415 
—in transfer printing on glass. 312 
—, in transfer printing with sulphur transbu 

agent, 313 
—, III wetting agents, 341 
—, satuiation with oxvgi*n, 102 

.solubility of driers in, 100 
—, sulphonated, wetting agent.s, 147 
—. use in ink during 10th century, 195 
Oil soap, in crayon, 253 
(Opacity, delincil, 492 
—, effect of titanium dio.xule, 128 
—, in drying-oil ink, 214 
—, of groumlwood paper, 479 
—, relation to dispersion of pigment, 476 
—, — particle size of pigment, 476 
Optical pyrometer, 452 
Orange II, pigment propi'rties, 161 
Orange mineral, pmperties, 137 
Orange sliades, in pigments, 139 
Orang«*s. chrome, properties, 171 
Orchil, as a pigment, 408 
Organic acids, in ink n-moval from waste paper, 

483 
—, use in making driers, 101 
Organic pcro.xides, effect on drying, 225 
Orientation theory, action of driers, 103 
Oxalic acid, ns a color intensifier, 117 
—, as a livering retardant. 54, 126, 417 
—, in Prussian Blue test, 460 
—in surfacing, 253 
—, sensitization with, 243 

Oxford glossmeter, 452 

Ox hooves, glue from, 40 
Oxidation, changes, measured by docrea.se in io¬ 

dine value, 120 
—, —, measured by index of refraction, 120 
—, in gall inks, 42 
—, of driers by titanium oxide, 106 
—, of drying oils, 32, 58, 119, 457 
—, —, influence of temperature, 121 
—, of linseed oil, 55 

Oxidation, of lithographic plate, definerl, 492 
—, of mineral-oil inks, 216 
—, of planographic inks, 246 
—, of rosin, 277 
—, of rubber offset blankets, 264 

relation to skinning of drying-oil ink, 208 
Oxides, metallic, use as driers, 101 
Oxy-acids, definition, 46 
Oxy-cellulosc, as a scratcli resistant in inks, 127 
Oxygen, absorption, 125 
—, —, by driers, 62, 102 
—, —, by linseed oil, effect of acid value, 58 
—, —, —, — temperature, 59 
—, —, relation to acid value, 60 
—, .saturation of oils with, 102 
Oxygen content, of carbon, 182 
Oxygenophore groups, effect on oxidation, 124 
Oxylinoleic acid, in drying oils. 46 
p-Oxytoluene, roller cleaner, 421 
Ostwald’s color system, 461, 462 
Overprinting, 265 
—, beeswax used, 117 
—, cellulose varnish for, 212 
—, defined, 369, 492 
—, driers for, 370 

elimination of crystalline surface of ink in, 
with wax, 214 

—, of base prints, 367 
—, of transfer inks, 327 
—, relation to ink compo.«ition, 197 
—, varnrshes, 77, 267, 368, 369 

wool fat used, 117 
0\ ertone-color relation, 462 
Oyster shells, powderini, as substitute foi driers, 

204 
Ozokerite wax, in transfer ink, 325, 326 
Ozonating, apparatus for. 226, 227, 228 
Ozone, d<*ct>inposition of fatty acids at double 

bond, 110 
—, drying agent, 110, 226, 227, 228, 229. 368, 427, 

475 
, effect on ink sui faces, 225 

Pachnolite, pigment properties, 149, 151 
Packages, inks for, 390 
Packing, of carbon block.s, 185 

Paints, films, distrilnition of driers in. 103 
—, linseed oil, combustion, 419 
- . lelatuai to printing inks, varnishes and lac- 

ipUTS, 7 
—, u.se of driers in, 32 
Palatine, m bleachable inks, 403 

Palm oil, m metal ink, 359 
—, in ribbon inks, 416 

m transfer printing. 313 
Palmitates, in printing inks, 116 
Palmitic acni. m grapesee<l oil, 80 

m holly, 342 
—, 111 safflower oil. 80 
—, in stiilingia oil, 81 
—. m safetv inks, 407 
Pantone i)rinting, deliiied, 492 
—, ink for, 255 
Paper, absorbent, inks for, 190. 388 
—, absorption by, effect of .sulphite pulp on. 479 
—, —, rate, 479 

, with high-speed presses, 479 
adherence of ink to, 196 

—, alkali m, action on acid pigment, 472, 476 
—, alum residue in. effect on inks, 472 
- , as temporary transfer base, 311, 314, 315, 316, 

318, 326 
bond, stiff ink for, 199 

—, culonilered, characteristics of. 472 
—, —, inks for, 472 
—, —, offset on, 474 
—. —» penetration of ink into, 472 
—, charring of, 236 
—, conditioning, 484 
—. effi'ct of humidity on, 475, 483 
—, — temperatuie on, 483 
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Paper, effect on drying of inks, 424 
—» — pigment hue, 474, 485 
—, expansion, 483 
—, filler in, effect on absorption of ink, 474 
—, first, made in Spain, 42 

. forerunners of, 37 
—, for color printing, 485 
—, for half-tones, 4*4 
—, for lithography, 247, 483 
—, for metal inks, 359 
—, for newspapers, 196, 223 
—, for offset printing, 27, 263 
—, for use in presses, 196 
—, from textiles, 432 
—, glassine, ink for, 350-358 
—, gloss of, effect of sulphite pulp on, 479 
—, ground wood, opacity of, 479 
—, —, strength of, 479 
", —, strike through of, 479 
—, gummed, for temporary transfer base, 318 
—, hard, halo effect on, 475 
—. —I pigment in ink for, 209 
—, —, reducing offset on, with wax, 204 
—, —, use of, 196 
—, —, viscosity of varnish for, 198 
—, high gloss enamel, inks for, 266 
—, hypochloride in, action on mk dye, 476 
—, iron compounds in, action on ink, 476 
—, mechanical strain in high speed presses, 479 
—, non-absorbent, drying-oil ink for, 205 

—, opacity of, effect of sulphite pulp on, 480 
—, —, effect on printing, 472 
- penetration of, by ink, relation to proportion 

of ground wood, 479 
—, physical properties, 485 
—, —, relation to printing processes, 472 
—, porosity, effect on drying, 247 
—, rag, as temporary transfer base, 319 
—, relation of pigment concentration to type of 

paper, 30, 209, 476 
—, relation to ink vehicle, 477 
~, — press and ink, 18, 30, 196, 476 
—, — varnish viscosity, 198 
—, removal of news ink from, alkali in, 480 
—, —, beidellite in, 480 
—, removal of wax, by heating, 483 
—, sensitized, use in making rotogravure plates, 

23 
—, short thick ink on, 199 
—, sized, as temporary transfer base, 315 
—, sizing in, effect on permeability, 474 
—, smoothness of, relation to half-tone printing, 

473 
", strength of, effect of filler on, 474 

—, sulphur in, action on lead pigment, 472, 476 
—, supplanting of papyrus by, after 8th century 

A.D., 38 
—, super-calendered, inks for, 484 
—, surface, effect on ab.sorption, 484, 485 
—, relation to ink, 472, 477 
~, surface-sized, 484 
", swelling, 483 
—, tensile strength of, 472, 483 
—, —, effect of sulphite pulp on, 479 
—, thickness of, relation to printing, 473 
—, transfer, for making stone plates, 26 
", —, for photolithography, 27 
—, unevenness of, air circulation between sheets, 

475 
—, unsized, effect of humidity on, 314 
", —, — temperature on, 314 
", ", for temporary transfer base, 314, 315 
—, waste, albumin in ink removal from, 481 
—, —, alcohols in ink removal from, 482 
—, —, ammonia in ink removal from, 481 
—, —, barium peroxide in ink removal from, 481 
", ", bentonite in ink removal from, 481, 482 
", —, benzene in ink removal from, 482 
", —, calcium hypochlorite in ink removal from, 

481 
—, ", casein in ink removal from, 481 

Paper, waste, chlorinated hydrocarbons in inks 
removal from, 482 

—, —, chlorine in ink removal from, 481 
—, —, dextrin in ink removal from, 481 
", —, fuller’s earth in ink removal from, 481, 482 
—. —* gelatin in ink removal from, 481 
—, —, glue in ink removal from, 481 
", —, gum arabic in ink removal from, 481 
—, —, gum tragacanth in ink removal from, 481 
—, —, gutta percha in ink removal from, 482 
", —, hydrogenated hydrocarbons in ink removal 

from, 482 
—, —, kaolin in ink removal from, 481 
—, —, kerosene in ink removal from, 482 
—, —, kieselguhr in ink removal from, 481 
", —, lime in ink removal from, 481 
—, —, organic acid in ink removal from, 483 
—, —, phenols in ink removal from, 483 
—, —, pine oil in ink removal from, 482 
—. —» pyridine in ink removal from, 482 
", —, rosin in ink removal from, 482 
—, —, rosin oil in ink removal from, 482 
—, - -, rubber in ink removal from, 482 
—. ", salts of sulphonic acids in ink removal 

from, 482 
- . —, silica powder in ink removal from, 481 

—, soapstone in ink removal from, 481 
—, —, soaps in ink removal from, 482 
- . —, sodium borate in ink removal from, 481 
—, ", sodium carbonate in ink removal from, 481, 

482 
, —, sodium hydroxide in ink removal from, 481 

—, so<lium orthoborate in ink removal from, 
481 

—, —, sodium peroxide in ink removal from, 481 
, , sodium persulphate in ink removal from, 
481 

—, sodium silicate in ink removal from, 481 
, —. starch in ink removal from, 481 
, —, sulphurous acid in ink renunal fiom, 481 

, talc, in ink removal from, 481 
- tetralin in ink removal from, 481 

, —, turkey ri'd oil in ink removal from, 482 
. turpentine in ink removal from, 482 

—, white, standard, 485 
Papier-mfich^, curved plates fiorn, 14 
Papyri, oldest known, 38 

Papyrus, combined with parcliment in books, 40 
—, early methods of preparing, 38 
—, prohibition of exportation of, by Egyptians, 

39 
—, replacement of, by paper, 40 
—, use by Greeks and Romans, 38 

Papyrus seed, use of in preparing papyrus sheets, 
38 

Papyrus sheets, early use of, 38 
—, superiority to skins or cloth, 38 
Paracoumarone, in embossing inks, 397 
—, in metallic inks, 364 
—, in planographic inks, 266 
—, in quick-drying inks, 234 
—, in transfer ink, 324 , 325 , 326 , 327 
—, in typographic emulsion inks, 341 
—, preparation, 133 
—treatment of temporary transfers with, 318 
Paraformaldehyde, in transfer ink, 327 
Paraffinoids, from coking coal, 220 
Paraffin oil, effi»ct on offsetting, 117, 430 
—, in intaglio inks, 276 
—, in mineral-oil inks, 220, 222 
—, in stencil ink, 415 
", interfacial tension of, with water, 332 
—, organic acids from, 85 
Paraffin wax, bleeiling test, 469 
—, effect on chlorinated rubber, 410 
—, — offsetting, 426 
", " tock, 116 
", " viscosity. 116, 117 
", from cannel coals, 220 
—, in aniline inks, 357 
", in drying-oil ink, 204 
", in inlu for cellulose ester plastics, 377 
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Paraffin wax, in inks for metals, 383 
—, ink stabilizer, 129, 130 
—, in lithography. 248 
—, in preparation of double-coated sensitized 

plate, 299 
—, in quick-drying inks, 232, 239 
—, in sympathetic inks, 404, 406 
—, in transfer printing inks, 313, 316, 325, 326, 327, 

329 
—, on temporary transfer base, 318, 319 
—, removal from paper by heating, 483 
—, to inhibit mixing of ink and water, 434 
Paraindene, in coumarone resins, 133 
—, in metallic inks, 364 
Para Retl, in planographic emulsion inks, 347 
—, piginent properties, 157, 164, 168 
—, toxicity, 437 
Parchment, history of, 38, 39, 40 
—, printing on, 117 
—, inks for, 391 
Parinarium sherbroense, po-yoak oil from, 80 
Paris green, pigment properties, 172, 408 
Paris whites in currency ink, 408, 409 
—, in sympathetic inks, 406 
—, preparation, 154 
Particle size, of aniline ink pigments, 352 
—, of carbon black, 178 
—, of pigments, measurement of, 463 
—, —, relation to absorption, 468 
—, , — covering power, 476 
Pasteboard, as temporary base, in transfer print¬ 

ing, 313 
Peacock Blue, in nuick-dr>'ing inks, 226 
Peanut oil, in stencil ink, 415 
Peat, preparation of, 128 
—, tar oils from, 220 
—use in extrusion of vi'hieles, 128 
Pebble mills, for grinding inks, 272, 418 
Pectins, as protective colloids, 115, 334 
Pellicle, defined, 492 
—, of celluloid, 299 
Penetration, defined, 447 
—, effect of binder on, in drying-oil ink, 204 
—, effect of rosin on, 73 
—, measurement of, 448 
—>, of unsized papers, 447 
—, reduction of, 451 
—, relation to proportion of ground wood, 479 
—, — viscosity, 448 
Penetrometer, recording, 470 
Pentamethylmonoethyl-p-rosaniline, in safety 

inks, 407 
Peptizer, borax used, 279 
Perborates, in starch base inks, 412 
Perfumes, in printing inks, 128. 454 
Peridak process, dot-etching, 305 
Perilln oil, compared with linseed oil, 81, 107 
—, effect of cobalt driers on, 107 
—, effect of resinates on, 107 
—, in drying-oil inks, 198 
—, ink vehicle, 128 

in metallic inks, 152, 362 
~, in typographic emulsion inks, 343 
—, in wrapper inks, 391 

properties, 78 
Permeability, of paper, effect of sizing on, 474 
Permanent Orange, pigment properties, 164 
Permanent printing inks, 399, 400 
Permanent Red, in aniline inks, 351 
—, in overprint varnish, 371 
—, in rubber plate inks, 409 
- properties, 164 
Peroxides, formation in drying oils, 57 
Persian Orange, properties, 171 
Petrol, interfacial tension of, with water, 332 
Petrolatum, effect on spreading and setting prop¬ 

erties of ink, 117 
—— viscosity of inks, 116, 117 

, in drying oil-rubber ink, 202 
, in invisible ink, 399 
, removal of, from paper, 483 

—, to prevent excess tack, 116 

Petrolatum, in typographic inks, 342 
—, gee also petroleum jelly 
Petroleum, pyrogenous asphalts from, 221 
Petroleum distillates, compared to drying oils, 130 
—, effect on rubber, 385, 420 
—, hydroxy acids from, use as drier component, 

101 
—, in drying-oil inks, 204 
—, in emulsions, 115 
—, in intaglio emulsion inks, 280, 338 
—, in intaglio inks, 276 
—, in newspaper inks, 219, 221, 222 

in planographic inks, 260 
—, resins from, in mineral-oil inks, 223 
—, see also petroleum ether 
—, solubility, 130 
Petroleum ether, in preparation of stamp-pad 

inks, 414 
—, in quick-drying inks, 231 
—, solvent for ester gum, 131 
—, use with driers, 101 
Petroleum jelly, effect on livering, 126 
—, — tack, 116 
—, in carbon paper, 316 
—, in drying-oil inks, 204 
—, in inks for cellulose ester plastics, 377 
—, in lithographic inks, 346, 348 
—, in lithography, 248 
---, in meat-marking ink, 392 
—, in mineral-oil inks, 221 
—, in transfer ink, 326 
—, properties of, 116 
Pfund's glossmeter, 452 
pH, defined, 490 
—, of carbon black, 180. 181, 182 

Phenol, antioxidant, 122, 123, 124, 125, 413 
—, as transfer agent, 319 

for treatment of temporary transfer ba.se, 319 
—, in ink removal from waste paper, 483 
—, in lithographic inks, 116 
—, in permanent printing inks, 400 
—, in printing lacquer, ^ 
—, in quick-drying printing inks, 232 
—, in safety inks, 407 
—, in thickening agent, 364 
—, ink-preservative, 248 
—, modifier for offset inks, 269 
—. roller cleaner, 421 

Phenol-aldehyde sulphonic acid, effect on ink 
fluidity, 112 

Phenolic ethers, as antioxidants, 123 
PheJiolic ketones, as antioxidants, 123 

Phenolic resins, action with lead driers, 106 
—, effect on tack, 131 
—, in aniline inks, 355 
—, in diying-oil inks, 214 
—, in emulsoid inks, 348 
—, in inks for cellulose ester plastic.s, 374 
—, in inks for glass, 380 
—, in overprint varnishes, 369 
—, in planographic inks, 248, 267 
—, in quick-drying inks, 223 , 225 , 226 , 234 , 239 
—, in soap-wrapper inks, 390 
—, in transfer inkj 324, 326, 327 
—, in waterproof mks, 400 
—, modifying agents, 87, 119, 129 
—, oil-soluble, properties of, 226 
—, use of naphthenate driers with, 105 
—, water resistance of. with alkyd resin, 132 
Phenolphthalein, indicator, 454 
—, in sympathetic ink, 405 

Phenols, as drier retardants in drying-oil ink, 120, 
209 

—, as protective colloids, 334 
—, from coal, 220 
Phenolsulphonic acid, in terpcnic ether synthesis, 

118 
Phenyl group, as an antioxidant, 124 

Phen>'l-Qt-naphthylamine, as an antioxidant, 124 

Phenyl-/3-naphtliylamine, as an antioxidant, 121 
m-Phenylenediamine, as an antioxidant. 121 
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tn-Phenylenediamine, decomposition products of, 
as antioxidants, 122 

p-Phenylenediainine, as an antioxidant, 121 
—, decomposition products of, ns an antioxidant, 

122 
Phoenicians, claims as inventors of writing ink, 37 
Phloroglucinol, as an antioxidant, 122 
Phosgene, drying oils from, 84 
Phosphates, as livering retardants. 126 
—, effect on aluminum hydrate and driers, 106 
Phosphatides, in soybean oil, 79 
Phosphomolybdic acid, in preparation of lakes, 

159 
Phosphomolybdic lakes, as pigments, 358 
—, in wrapper inks, 391 
Phosphorescence, definition of. 401 
Phosphorescent inks, 394 
Phosphoric acid, action on zinc, 248 
—, as a color intensifier, 117 
—, as a livering retardant, 126 
—, etching agent, 245, 300 
—, in preparation of pigments, 145. 158, 159 
—, in treatment of sulphite liquor, 344 
Phosphorus pentachloride, as a drying accelera¬ 

tor, 226 
Phosphorus trichloride, as a drying accelerator, 

226 
Phosphotungstic acid, in preparation of lakes, 159 
Phosphotungstic lakes, in aniline inks, 356 
—, in planographic inks, 265 
—, in wrapper ink, 391 
Photocolorimeter, T.C.B., 463 
Photoelectric cells, in testing of inks, 449, 452, 457, 

463 
Photoengraver’s glue, 303 
Photoi‘ngraving, basis of, 14 

defined, 492 
—, historj', 14 
—, processes, 293 
—, relation to mezzotint, 21 
—, use of albumin in, 14 
- , — potassium bichromate in, 14 
Photogenic property, defined, 492 

lithopone, 149 
Photographic actinometers in testing of jiigments, 

466 
Photographic colorscopc, in testing of inks, 483 
Photographic methods, m lithography, 241 
Photography, use in intaglio processes, 22 
—, — relief printing, 22 
Photogravure, crist of, 23 
—, defined, 22, 492 
—, description of process, 22 
—, in new.spapers, 218 
—, process, contrast with relief printing, 23 
—, —, use of bichroniated gelatin'in, 23 
—, relation to intaglio processes, 22 
—, stippling, 292 
—, temperature for, 424 
—, use of, 23 
Photogravure inks, 270, 275, 349 

Photogravure printing, water color inks used, 411 
Photointaglio processes, 291 
Photolithographic inks, 258 
Photolithographic plates, with transfer paper, 298 
Photolithography, 240, 263 
—, albumin in, 289 
—, cost of, 27 
—, defined, 492 
—, methorls of correcting tones, 305 
—, relation to half-tone, 27 
—, requirements, 301 
—, use of sensitized transfer paper in, 27 
Photomechanical counterfeiting, 408 
Photometer, blackening test, 452 
—, Slater's, 453 
Photo-offset printing, 302 
Photosensitive compositions, 286 
Photo-typy, on glass, 381 
Phthalates, solvents for polyst3rrene, 132 
Phthalic acid, as an antioxidant, 122 
—, in rosin preparation, 281 

Phthalic acid, rosin test, 456 
Phthalic acid dibutyl ester, in overprint var¬ 

nishes, 372 
- 111 luetnllic inks, 365 
Phthalic acid dimethyl ester, in lithographic inks, 

249 
—, in overprint varnishes, 372 
Phthalic acid resins, effect on tack, 131 
—, in fluorescent inks, 402 
—, m lithography, 249 
Phthalic anhydride, in dehydration of castor oil, 

71 
—, in intaglio inks, 340 
—. phthalocyanines from, 166 

resins from, 132, 231, 439 
Phthalocyanine, structure, 166 
Phthalocyanino pigments, in wrapper inks, 391 
—, pigment properties of, 164, 165 
Phthalimide, in preparation of phthalocvnnines, 

166 
Phthalonitrile, in preparation of phthalocyanines. 

168 
Physiological action, of printing inks, 282 
Phytostcrol, in tall oil, 76 
Picking, define! 1. 492 

in presence of excess driers in ink, 107 
Pigiiientetl vehicles, viscosities, 444 
Pigment Green H, properties, 172 
Pigments, absorption of, 199 
—, , by rubber inks, 410 

—, tests, 469 
—, acid, action of alkali in paper on, 476 
—, a<ldition by printer, 197 
—, alkali-resistant, for use in fabric-printing ink, 

321 
—, aniline inks, 352, 355 

, ns emulsifying agents, 114. 333 
- . a.s mollifying agents, 282 
—, color un<l appearance of finished ink detor- 

iiiine«l by, 31 
- , coloring strength of, 459 

dispersion of, relation to covering power, 478 
—, durability, 424 

dyestuffs, 157 
—. —, ilefined, 492 
—, effect on consistency of ink, 199 
—, - <lriers, 105 
—, — driers when precipitated on aluminum hy¬ 

drate, 106 
- , — rlriers when prociptated on blanc fixe, 106 

— drying, 57 
—, — drying of oils when prepared from metallic 
- -, acetates, 106 
—. fine, combustion catalyst, 419 
—, concentration, 263 
—, —, for ink.'! u.sed in printing newspapers, 209 
—, —, for drying-oil ink used on hartl-surfaccii 

paper, 209 
—, —, in long ink, 199 
—, —, in short ink, 199 
—, covering power, definition, 476 
—, defined, 80 134, 492 
—, diffusion of, to obtain small particle size, 214 
—, divisions of, 248 
—, dispersion of, relation to opacity, 476 
—, flotatum, 420 
—, for cellulose inks, 376 
—, for lithography^ 34 
—, for newspaper ink, 34 
—, from rubber still residue, 200 
—, fused, for ceramic printing, 317 
—, finding of, 207, 210, 273, 418 
—, in amaigain inks, 411 
—, in drying-oil ink, 213 
—, in early printing inks, 40, 43 
—, in emulsoid inks. 331, 345 
—, in fluorescent inks, 401 
—, in gall inks, 42 
—, in ink, relation to paper, 476 
—in quick-drying inks. 228 
—, in self-expandmg ink, 398 
—, in thermographic inks, 234 
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Pigments, in varnish, 115 
—, interfacial tension of, 111 

lakes, production of, 158 
—, lead, as drier, 106 
—, mixing, 418 
—, mixing with linseed oil, 211 

— shale oil, 211 
—, of mineral origin, 31 
—, oil-free, use in transfer ink, 320 
—, particle size of, relation to opacity, 330, 476 
—, —, relation to covering power, 476 
—, preferential wetting of, 114, 210 
—, reaction of rosin oil with, 214 
—, reaction with rosin, 214 
—, relation between percent pigment and type 

of paper, 209 
—, refiuirements of, 271 
—, resistance to grinding operation (»ffeie<l by, 

111 
—, retention of color for long periods, 40 
—, settling of, 116 
—, solubility in vehicle in early inks, 40 
—, strength of tints, 146 
—, toxic, 391 
—, water-resistant, for use in fabric printing, 321 
—, water-wet, 114 
-x-ray examination, 463 
Pigment Scarlet Lake, properties, 169 
Pigment transfer, 194 
Pine, alkali treatment, for newsprint production, 

480 
Pine balsam, in medicated printing inks, 128 
Pinene, polymerized, in drj'ing-oil ink, 206 
rt-Pinene, in terp(*nic ether synthesis, 118 
Pine oil, emulsifying agent, 333 
—, in ink removal from waste paper, 482 
—, in ink vehicles, 75 

-, in planogiaphic inks, 260 
Pine resin, alcoholic solution of, for use in trans¬ 

fer printing, 316 
—, in drying-oil ink, 215 
Pine soot, m fabric-marking ink, 398 
Pino tar, in lampblack, 183 
Pine wood, rosin in, 4^ 
Pinoleum, defined, 492 
Piperidine, dispersing agent, 113 
Pitch, from peat tar, modifying agent for litho¬ 

graphic varnish, 204 
in dr\ ing-oil ink, 199, 205 

—, in indelible ink, 321 
™, in newspaper inks, 217, 219, 221 
—. pigments from, 31, 41, 175 
Pitch resin, use ns pigment, 198 
Planographic emulsion inks, 345-350 
Idanographic plates, color, 29 

preparation, 295 
PlaiKigrajdiic printing, basis of pincers, 9, 34, 290 
—. color contrast in, 29 
- , definition, 9 
—, olTset process, 9 
Plnnogrnphy, defined, 25, 492 

principles of, 25 
, 1 elation to intaglio printing, 25 

—, relation to typography, 25 
—, t.\ pe of printing surface used, 25 
Plaster, use in swelled-gclatin process, 18 

Plasticity, measurement of, 447 
—, of printing ink resins, 131 
Plasticizing agent, butyl lactate as, US 
—castor oil ns, 89, 118 
—, dibutylmaleate as, 118 
—, diethylmaleate os, 118 
—, dimethylinaleate as, 118 

fatty acid salts as, 204 
—, glycerol ns, 118 
—, Irgasol ns, 354 
—, maleic acid ns, 118 
- naphthenato driers as, 105 
—, naphthenic acid as, 187 
—, non-drying oils as, 118 

resins as, 118 
—, sorbitol as, 118 

Plasticizing agent, tcrpcnic ethers as, 118 
, tricresyl phosphate as, 417 

Plasticizing agents, concentration in inks, 119 
• in intaglio inks, 282 
—, in printing inks, 118 

in transfer ink, 324 
Plastics, cellulose ester, printing on, 373 
—, copy r<*Iief, 296 
—, temporary transfer base of, for ceramic print¬ 

ing, 317 
Plate cylinder, defined, 492 

, use in off.set process, 27 
—, — typographic press, 196 
Plate inks, iron oxide, 177 
—, ochre, 140 

, umbers, 141 
, whiting, 154 

Plate oil, defined, 255 
. in currency ink, 408 

m planographic inks, 254, 258 
Plateless engraving, appearance of, 25 
—, cost compared with intaglio piocesses, 25 

defined, 492 
- , discussion of, 25 

ink for, 25 
, use of powdered resin in, 25 

Platen press, defined, 492 
—, for tyiiographic work, 195 
—, paper for, 196 
—, use of short thick ink with, 199 

Plates, acid-proof, 18 
—, aluminum, for lithography, 26 

, —, for offset printing, 27 
—, for rotary press, 27 

—, clay molds for, 13 
—, color, use in planographic printing, 29 
-'.curved, from papier-mache molds, 14 
- , electrotype, for rotary press, 14 
—, etching of, 16 
—, for line etchings, 16 
—, for newspapers and magazines, 12, 218 
—, for offset printing, 302 

for rotary press, 12, 23 
—, from negatives, 16 
—, grained, method of preparing, 22 
—, —, use in intaglio printing, 22 
—, —, use of asphalt in, 22 

■, —, use of potassium bichromate in, 22 
—, —, use of sensitized film on. 22 
- -. half-tone, etching by acid, 18 
—, —, etching with electric cuirent, 18 
—, —, mounting of, 18 
—, —, re-etching of, 16, IS 
—, identical, from electrotypes, 13 
—, mezzotint, 20 

oxidation of, 246 
—, relief, processing, 294 
—, rotogravure, shading in. 24 

u.‘=e of scrt*on in making, 23 
- sensitized, development of, 16, 290 
—, —, u.se of, 22 
—, shading in, swelled-gelatin process, 18 
-stone, etcliing of, 25, 26 
—, —, graining of, 26 

, —, greasy cray on for, 26 
—, —, greasy ink for, 26 

grinding of, 26 
—, —, inking roller for, 26 
—, —, limestone, 26 
—» —. pumice for surfacing, 26 
—, —, retaining clear and sharp designs on. 26 
—. —, transfer paper for, 26 
—, —, use in lithography, 26 
——, use of moistening roller on, 26 
—, swelled-gelatin process, 18 
—, u.se of powdered asphalt in, 16 
—, use of sensitized transfer paper in making, 27 
—, zinc, for rotary press, 27 
—, —, in offset printing, 27 
—, —, use in lithographic prtx*e8a, 26 
Platinum salts, in indelible ink, 399 
Plutoform Black, pigment, 384 
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Poise, defined, 448 
Polar compounds, as wetting agents, 111 
Polar molecules, in drying oils, 57 
Polariscope, for particle size, 455 
Polarity, in emulsion inks, 831 
Polimerisado oil, 68 
—, defined, 492 
Polonium salts, in fluorescent inks, 401 
Polychloroprene, roller composition, 438 
Polychrome films, drying of, 230 
Polycyclic alcohols, wetting agent, 147 
Polyglycols, as emulsifying agents, 338 
Polvhydric alcohols, formates, in inks for lacquer, 

3^ 
—, in lithographic inks, 115 
—, resins from, effect on drying oils, 83 
—, —, in metallic inks, 361 
—, —, see also alkyd resins 
Polymerization, by ozone, 228 
—, by lead driers, 104 
—, defined, 492 
—, drying by, 225 
—, of do'ing oils, 32, 83, 119 
—, sardine oil, 88 
—, of varnishes, measurements for control, 46 
—, of tung oil, 65 
—, prevention of, 88 
Pol.VTnerized rubber distillates, use, in extrusion 

of vehicles, 128 
Pobmers, of acetylene, ink vehicles, 88 
Polystyrene, as an ink binder, 132 
—, in overprint varnishes, 372 
—, in quick-drying inks, 234 
—. solubility of, 132 
Polyvalence, of metals, as driers, 100 
Polyvinyl alcohols, in preparation of matrices, 

290 
Polyvinyl chloride, in preparation of plates, 297 
Polyvinyl methyl ether, in bronze ink, 409 
Ponceaus, pigment properties of, 161 
Ponsol Blue CD, pi^ent properties of, 165 
Ponsol Jade Green, in permanent inks, 400 
Poor Man’s Bible, publication of, 42 
Poppyseed oil, properties of, 81 
Por^ain printing forms, 255 
Porous.stone, in lithography, 297 
Poster printing, inks for, 138, 160, 199, 391 
Positive, transparent, use in rotogravure. 23 
Positive image, from a negative, 300 
Potash lye, see potassium hydroxiile 
Potassium acid tartrate, in sympathetic inks, 40.5 
Potassium alum, for treatment of temporary 

transfer base, 319 
—, sensitizer^ 243 
Pota.ssium bichromate, see potassium dichromate 

Potassium bromide, in drying accelerators, 127 
—, in sympathetic inks, 405 
Potassium carbonate, in gold sol preparations, 334 
—, in inks for glass, 380 
Potassium chlorate, as an oxidizing agent, 118, 419 
—, in fabric-marking ink, 398 
Potassium chloride, in sympathetic inks, 405 
Potassium chromate, in indelible inks, 400 
—, in planographic inks, 265 
—, in zinc yellow, 139 
Potassium citrate, in sympathetic inks. 405 
Potassium cymenesulphonate, in fruit-marking 

inks, 392 
Potassium dichromate, for treatment of tempo¬ 

rary transfer base, 319 
—, hydrated chromium oxide from, 145 
—, in aniline inks. 352 
—, in color test, 453 
—, in intaglio inks, 280 
—, in laundry marking ink, 399 
—, in planom^phic inks, 249, 251 
—, in transfer printing, 312 
—, in wood-printing, 895 

use in making grained plates, 22 
—, use in photoeni^ving, 14 
—, use in preparation of lithographic matrices, 

300 

Potassium dichromate, use in swelled-gelatin 
process, 18 

Potassium ferricyanide, in preparation of mat¬ 
rices, 305 

—, in sympathetic inks, 405 
Potassium ferrocyanide, in preparation of iron 

blue, 141 
—, sensitizing a^ent^ 288 
Potassium hydride in photoelectric cell. 457 
Potassium hydroxide, in intaglio emulsion inks, 

337, 340 
in in^glio inks, 279 

—, in printing inks, 129 
—, in sympathetic ink, 405 
—, in transfer printing, 313 
—, in typo^aphic emulsion inks, 343 
Potassium iodide, in color tost, 453 
—, in peroxide determination, 122 
—, in sympathetic inks, 405 
Potassium lactate, ns a drying inhibitor, 413 
Potassium nitrate, as an oxidizing agent, 118 
—, in crayons, 253 
—, in etches, 246 
—, in sympathetic inks, 406 
Potassium pennanganato, a.s an oxidizing agent, 

118 
Potassium phosphate, in etches, 246 
—, in lithographic inks, 116 
Potassium prusaiate, hinder, 249 
—, in safety inks, 407 
Potassium salts, as ink modifiers, 222 
Potassium soap, in printing inks, 116 
Potassium sulphide, in sympathetic ink, 406 
Potato meal, in plano^aphic inks, 259 
Pottery, transfer printing on, 312 
Pottery glazes, use of zirconium in, 104 
Powdered bronze, in transfer ink, 324 
Powdered glass, for graining stone plates, 26 
Powdered ^alc, in printing inks, 220 
Powdered shellac, in emlmssing inks, 397 
Powdering of inks, elimination, 420 
Po-Yoak oil, properties, 80 
Practical test, for carbon black, 183 
Pre-printing of paper, with varnish, 360 
Pr^edpitation, of wetting agents by mineral salts. 

Prepared linseed oil, defined, 493 
Press, for aniline inks, 357 
—, high speed, mechanical strain in paper for, 

479 
relation to paper and ink, 196 

—, Senefelder’s lever, 241 
' types of typographic. 195 
Press speed, relation to fluidity of ink, 196 

relation to ink, 472 
Pressroom problems, 420 
Pressure, as transfer agent for transfer ink, 329 
Primrose, properties, 139, 170 
Printer's black, in zincography, 300 
Printing, at Iiigh temperatures, 388 
—, de\'elopment of, 42 

pressure allowable witli fine screened half¬ 
tone, 17 

—, — line cuts, 17 
—. pressure, relation to fluidity of ink, 196 
—, tin plate, reactions w’hen driers are present, 

106 
Printing devices, Roman, 37 
Printing forms, 255 
Printing ink, early history of, 37 
—, general composition of, 44 
Printing ink modifier, definition. 111 
Printing processes, 290 

Printing rollers, glue used, 345 
—, glycerol used, 345 
—, stearin used, 345 
Printing strength, defined, 460, 493 

Printing surface, relation to printing inks, 7, 18 
—, reproduction of, 13 
—, types used in typographic process, 8 
—types for intaglio printing, 8 
Printing temperatures, optimum, 424 
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Propanol, in antioxidants, 125 
—, m ink stabilizers, 180 
Propyl cellulose, in printing inks, 230 
Propylene glycol, in inks for lacquers, 884 
Protective action, in colloids, measurement of, 334 
—, —, theory of, 335 
Protective coatings, 368 
—, application, 372 
Protective colloid, defined, 334, 493 
Protective colloids, in printing inks, 129, 330, 331, 

334, 836, 337, 341, 343 
Protmtive factor, of an antioxidant, defined, 122, 

493 
Protective values, of colloids, 335 
Protectoid, aniline inks on, 350 
Proteins, as emulsifying agents, 115, 336 
—, in preparation of matrices, 289, 290 
—, molecular configurations of, 337 
Prussian blue, action of alkali in paper on, 476 
—, color intensity, 460 
—, fire hazard, 4^ 
—, in amalgam inks, 411 
—, in drying-oil inks, 207, 212 
—, in embossing ink, 397 
—, in intaglio inks, ^8, 239 
—, in mineral-oil inks, 224 
—, in 19th century printing ink, 44 
—, in overprint varnishes, 372 

in planographic inks, 255, 265 
—, in waterproof inks, 402 
—, pigment properties of, 141, 142, 173 
Pseudo catalysts, lead salts as, 248 
Pseudo embossing, 397 
Pulfrich refractometer, 451 
Pulldown, defined, 493 
Pulp shaviMs, flushed colors with, 194 
Pumice, buffing agent, 240, 441 
—, for grinding stone plates, 26 
—, powdered, in transfer printing glass, 312 
—, use of, in manufacture of vellum and parch¬ 

ment, 39 
Purified stand oil, defined, 493 
Purple filters, in color printing, 308 
Purpurin as a natural pigment, 31 
Pycnometer for specific gravity determination, 442 
I^ridine, in dispersion of chrome green, 144 
—, in ink remover for waste paper, 482 
—, in quick-drying inks, 230 
—, salts of, as stabilizers of driers, 102 
—, sulphonic acid test, 471 
Pyridine cymenesulplionate, in fruit-marking inks, 

392 
Pyro, in sympathetic inks, 405 
Pyrocatechol, as an antioxidant, 122, 123, 124 
—, as anti-skinning agent in drying-oil ink, 208 
Pyrogallol, as antioxidant, 120, 121, 122, 123 
—, in quick-drying inks, 226 
Pyrogenous asphalts, in printing inks, 220, 221 
Pyrolusite, effect on cottonseed oil, 83 
Pyroxylin, drying inhibitor, 416 
—, in int^Iio inks, 283 
—, printing on, 394 
—, see also nitrocellulose and cellulose nitrate 

Quartz, in china clay, 154 
Quartz-mercury arc lamp, as a source of ozone, 

230 
Quarts sand, in ink remover, 441 

uebrachitol, as bodying agent, 82 
ucrcitin, as an antioxidant, 123 

Quick-drying inks, cold-set, 239 
—, contaming volatile solvents, 230-237 
—, oxidized, 224-220 
—, ozonized, 226-230 
—, polymerized, 224-226 
—, precipitation of pigments in, 237-239 
Quill pen, invention of, 41 
Quinoline, in preparation of phthalocyanincs, 168 
Quinoline^ jiroperties, 170 
Quinone-unido dyes, pigment properties of, 161 

Radiation of pigments, 463 
Radium-barium carbonate, in fluorescent inks, 

401 
Radium-barium sulphate, in fluorescent inks, 401 
Rapeseed oil, blown, in transfer ink, 324, 326 
—, compared with perilla oil, 81 
—, effect on offset, 117 
—, in aluminum inks, 152 
—, in drying-oil ink, 198, 207 
—, in leather-printing inks, 396 
—, in stencil inks, 416 
—, taste of, 891 
—, wetting agent, 333 
Rate of oxidation, of drying-oils, 119 
Rawley process, for making white lead, 150 
Raw rubbear, modifier, 115 
Rayon, inks for, 365 
—, metallic prints on, 389 
Recording instrument inks, 407 
Red dyes, properties of, 168 
Red iron oxide, rubber pigment, 384 
Red lead, inorganic pigment, 31, 137 
—, treatment of dry mg oil with, 206 
Red pigments, in emulsion inks, 347 
—, in quick-drying ink, 233 
—, properties of, 135 
Red oxide of iron, in intaglio inks, 283 
Reducers, defined, 493 
Reducing agent, on driers, zinc oxide as, 106 
Reduction of tanning, methods for, 288 
Redwood viscosimeter, description of, 444 
Re-etching, of half-tone plates, 18 
Reflectometer, uses of, 459 
Refractive index change with blending of pig¬ 

ments, 151 
—, change with oxygen absorbed by linseed oil, 56 
—, defined, 451, 493 
—, of titanium dioxide, 146 
Refractometer, use of, 451 
Relaxation curves, viscosimeters, 445 
Releasing liquid, defined, 314, 493 
—, sodium lauryl sulphate in, 314 
—, sodium myristyl sulphate in, 314 
—, sodium stearyl sulphate in, 314 
—, sulphonated castor oil in, 314 
Relief matrices, preparation of, 293 
Relief plates, preparation of, 295 
Relief printing, classified, 290 
—, contrast with photogravure process, 23 
—, defined, 493 
—, history of, 9 
—, see also typography 
—, use of bichromated gelatin in, 23 
—, use of photography in, 22 
—, wood blocks for, 9 
—» xylographic process, 10 
Relief processes, methi^s, 293 
Relief surfaces, from copy reliefs, 295 
Removal, of carbon black electrolytically, 483 
—, of ink, by hydrogen chloride, 213 
Reproduction, of documents, methods, 267 
—, of pen and ink drawings, 15 
Resinates, driers, activity in moist atmosphere, 

105 
—, —, solubility compared to naphthenates, 105 
—, effect on drying of perilla oil, 107 
Resinio acid, lake precipitant, 159 
Resin inks, properties of, 276 
Resinous black pigments, properties of, 178 
Resinous oil, in litliographio ink diluent, 116, 259 
Resins, action on lead driera of, 106 
—, adhesive for metal printing, 382 
—, alcohol-soluble, in transfer ink, 315 
—, alcohol vehicles for, 354 
—, alkyd, in lithography, 249 
—, binding agents, ^4, 846 
—, book covers, treated with, 364 

, coloring mediums in intaglio inks, 34 
, consistency variant^ 376 

—, copal, in drying oil ink, 215 
—, detection of, 456 
—, determination in a varnish, 455 
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Resins» driers with, 152 
—, effect on, aniline ink films, 354 
—, —, chlorinated rubber, 410 

, —, driers, 103 
—, —, drying rate of tung oil, 64 
—, —, mating point of waxes, 323 
—, —, viscosity of printing inks, 118 
—, electrotype molds from, 14 
—, elemi, in dryi^ oil ink, 215 
—, emulsion stabilisers, 343, 344 
—, heat convertible varnish from, 214 
—, in aqueous inks, 280 
—, in coating compositions, 231 
—, in drying oil ink, 207, 215 
—, in fo^-wrapper inks, 391 
—, in fluorescent inks, 401 
—, in indelible paper inks, 399 
—, in intaglio ink vehicles, 338 
—, in linse^ oil varnish substitutes, 222 

in lithographic inks, 219 
—, in protective coating lacquers, 372 
—, in newspaper ink, 217, 222 
—, in quick-drying inks, 225, 232 , 239 
—, in stencil ii^, 415 
—, in transfer ink, 323, 325 

in water resistant ink, 206 
—, in wetting agents, 344 
—, modifying agents, 129, 282 
—, —, for aniline inks, 350 
—, —, for dull inks, 126 
—, —, for linseed oil, 83 
—, —, for mineral oil, 32 
—, nitration of, 282 
—, phenol-aldehyde, compatability of naphthen- 

ate driers, 105 
—, —, in drying oil ink, 214 
—, —, in varnishes, 87 
—, pine, for use in transfer printing, 316 
—, —, in drying oil ink, 215 
—, pitch; as pigment, 198 
—, plasticizers, 118 
—, plateless engraving with, 25 
—, tack inhibitors, 116 
—, transfer base treatment with, 314 
—, properties requisite for use in inks, 131 
—, rosin-glycerol, in varnishes, 87 
—, solvents for, 249 
—, striking through preventative, 354 
—, synthetic, in drying oil ink, 208 
—, —, in indelible ink, 321 
—, —, transfer base treatment with, 314 
—, toxicity of, 391 
—, tung oil modifiers, 83 
—, urea-formaldehyde, binding agent, 156 
—, vehicles for, 374 
Resist, defined, 305, 493 
—, in relief process, 295 
Resistant in^, 398 
Resorcinol, antioxidant, 122 
—, effect on oxidation of liiisceil oil, 120 
—, in thickening agent, 364 

in transfer ink, 327 
—, oxidation inhibitor, 121 
Rkieulationj defined, 307, 493 
Rezyl, bodymg material, 131 
—, m int^lio inks, 239 
—, in quick-drying inks, 232, 239 
Rezoglaz, protective coating, 372 
Rhodamine, in aniline inks, 351 
—, in celluloee inks, 376 
—, in fluorescent inks, 250, 251 
—, in overprint varnish, 371 
—, in quicK-drying inks, 233 
—, in transfer printing, 313 
—, in water-soluble transfer ink, 328 
—, properties of, 158 
Ribb<m inks, 416 
Ricmoleie acid, dispersing agent, 113 
—, esterifled, as vehicle, 82 
—in castor oil, 70 
Robinson units, of oil color, defined, 461 
Rocking tool, construction of, 20 

Rocking tool, use in making mezzotints, 20 
Roller, inking of, 26 
—, material, requisites, 438 
—, problems, 438 
Roller mills, description, 191, 418 
Rolling up, defined, 493 
Rosaniline, dye, 164 
—, reaction with pigments, 214 
—, size, effect on permeability of paper, 474 
—, solubility of. 130, 277, 279 
—, treatment ol transfer base with, 318 
Rosin, adulteration of linseed oil with, 43 
—, binding agent, 205, 279 
—, detection of, 456 
—, driers with, 152 
—, dusting powder^ 303 
—, effect on news mk, 73 
- , embossing mc<lium, 398 
—, in drying oil ink, 205, 208, 211, 214 
—, in embossing inks, 397 
—, in fusible transfer ink, 321 
—, in ground wood, 479 
—, m intaglio inks, 277, 337 
—, in ink remover, 482 
—, in letter press ink, 222 
—, in linseed oil varnish substitutes, 222 
—, in lithographic inks, 222 
—, in newspaper inks, 217, 221 
—, in plate oil, 254 
—, in pine wood, 480 
—, in quick-drying inks, 223 
—, in rotogravure inks, 272 
—, in spruce wood, 480 
—, in thinning agent, 126 

in transfer base treatment, 316 
—, in transfer ink, 315 , 319, 323 , 325 , 326 , 328, 329 
- , m typographic inks, 342, 343 

, in vehicles, 84, 89, 340 
—, in water-base inks, 276 
—, lampblack from, 177 
- , modifying agent, 129, 131 
—, —, for mineral oil, 32 

oxidation of, 277, 279 
—, polymerization of, 130 
—. protective colloid, 206 
—. tack increasing agent, 205 
- thickening agent, 364 

wood, tack and flow of, 73 
Rosin ester, in lithographic inks, 349 
Rosin-glycerol ester, in drying oil ink, 214 
—, in varnishes, 87 
Rosin-glycerol resin, in ink for ceramies, 380 
Rosin-modified alkyd resins, properties of, 131 
Rosin oil, composition of, 74 
—, defined, 493 
—, in drving oil ink, 198, 206, 214 
—in ink remover, 482 
—in intaglio inks, 340 

in news ink, 217, 480 
in quick-drying ink, 219, 222, 281 

—, in stencil ink, 415 
—, reaction of pigments with, 214 
—, thinner for planographic inks, 258 
—, toxicity of, 391 
—, varnishes from, 73 
Rosin soap, for varying consistency of ink, 376 
—, in drying oil ink, 208 
—, in cmulsoid inks, 346 
Rosin-wood oil varnish, use in ink, 200 
Rotary photogravure, solvents used in, 226 
Rotary press, aluminum plates for, 27 
—, curved electrotypes for, 14 
—, defined, 493 
—, for lithography, 263 
—, for newspaper printing, 196 
—, for typography, 195 
—, plates for 12, 27 

zinc plates for, 27 
Rotogravure inks, drying rate, 270 
—, grinding of, 272 
—f properties of, 34, 270 

spreading of, 25 
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Rotogravure inka, viscosity of, 25 
Rotogravure printing, clofinecl, 493 
—, description of process, 23, 25, 272 
—, intaglio in, 339 
—, natural pigments in, 31 
—, photointaglio type, 292 
—, plates, for long runs, 293 
—, —, shading of, 24 
—, —, use of screen in making, 23 
—, relation of ink composition to, 22 
—, relation to intaglio printing, 9 
—, solvents used in, 272, 275 
—, spreading of ink in, 25 

, tliinners for, 126 
—, use of, copper cylinder in, 23 
—, —, doctor blade in, 25 
—, , screen in, 23 
—, —, sensitized paper in, 23 
—, —, transparent positive in, 23 
—, viscosity of ink for, 25 
—, water color inks in, 411 
Rotor Green Y, dye, in aniline inks, 352 
—, —, in quick-drying ink, 230 
Royal Spectra carbon black, 185 
Rnliber, bodying agents for, 410 
- -, coating on metal foil, 382 

crepe, in drying oil ink, 201 
—, crude plantation, use in drying oil ink, 201 
—, distillation of, for drying oil ink, 200 
—, fixing agent, for dried prints, 365 
—, heat-liquefied, in ink for rubber, 387 
—, hydrogenation of, 202 
—, in binding agents, 231 
—, in coating preparations, 396 
—, in coloring compounds, 223 
—, in composition coatings, 231 
—, in emulsion inks, 343 
—, in fluore.scent ink, 402 
- -, m fixing agent, 389 
—, in ink remover, 482 
■ , in intaglio inks, 337. 339 
—, in intaglio ink medniin, 284 

in vehicles, 200, 341, 343 
' -, liquefaction of, 202 
- , marking, 385 
' , offset blankets from, 439 

solutions as vehicles, 88 
solvents for, 385 

—. swelling of, 420 
- , transfer printing of, 329 
—, vulcanized, in drying oil ink, 201 
—, waste, binding agent, 363 
—, —, recovery of, 200 
Rubber blanket, deterioration of, 268 
Rubber cement, in emulsoid inks, 347 
Rubber cliches, production of, 358 
Rubber derivatives, quick-drying ink base, 231 
Rubber hydrochloride, preparation of, 439 
Rubber inks, advantages of, 410 
—, effect of acids on, 410 
Rubber matrix, preparation of, 297 
Rubber patl, use in offset printing, 27 
Rubber plates, advantages of, 382 

aniline inks for, 358 
—, swelling of, 200 
Rubber plate inks, properties of, 409 
Rubber stereotype, aniline inks for, 358 
Rub-off, defined, 493 
Rubrene peroxide, drying agent, 224, 225, 428 
—, preparation of, 224 
Run Congo, resin, in wrapper ink, 391 
Rust, protective agent for, 397 

Safety ink, defined, 394, 493 
—, preparation of, 341 
—, uses of, 406 
Safflower oil, composition, 80 
—, properties, 79, 80, 81 
Safranine, in aniline inks, 351 
Safrole, antioxidant, 124 
Salicy I aldehyde, drier, 110 

Salicylic acid, aniline ink dye solvent, 353 
—, antioxidant, 124 
—, dispersing agent, 114 
—, in safety inks, 407 
Salting out, causes in emulsion inks of, 330 
Sandarac, in transfer ink, 320 
—, in water-proof aniline inka, 355 
—, solvents for, 230 
- , transfer base treatment with, 314 
Sand molds, for metal type, 12 
Sandpaper, for eliminating offset, 428 
Saniticizer, plasticizer in quick-drying inks, 231 
Santolite varnish, in quick-drying inka, 239 
Saponification, of ink vehicle, by alum in paper, 

476 
—, —, by sulphuric acid in paper, 476 
—, —, storage problem, 419 
Saponification number defined, 46, 454, 493 
Saponified resins, emulsifying agents, 338 
Saponified rosin, in quick-drying inks, 232 
Saponins, in intaglio inks, 339 
- in wetting agents, 344 
—, surface-activity of, 335 
Sardinclta melanostida, oil, 87 
Sardine oil, distillation of, 86 
—, polymerization of, 86 
—, properties of, 81 
Sassafras oil, in ink remov^er, 441 
—, see also oil of sassafras 
Sausage skins, inks for, 377, 392 
Say bolt units, measurement of color in, 461 
Saylxilt viscosimeter, description of, 444 
Scarlet 2R, lake, properties of, 169 
Scarlet 3R, toner, 161 
Scheiber method, of dehydrating castor oil, 71 
Scheiber oil, composition, 71 
Screens, defined, 493 
—, for intaglio printing, 292 
—, for newspaper half-tone, 17 
—, number of lines, 17 
—, lelatne number of dots from, 17 
- , use in making lialf-lones, 17, 23 
- , use in rotogravure, 23 
Screened negative, in half-tone matrix prejiara- 

tion, 293 
Scumming, defineil, 493 
—, of lithographic inks, 347 
- , prevention of, 255 
Sebute.s, efftxrt on printing inks of, 127 
Score la, defined, 42 
Security inks, pieparation of, 407, 408 
Selenium, gelation inhibitor, 58 
Selenium Uetl, pigment, 380 
Sellaite, extending agent, 149, 151 
Semecarpus anacardium, extract in marking ink, 

from, 399 
Semi-aitificial resins, binding agents, 130 
Semi-drying oil, aging in transfer prints, 324 
—, conversion to drying oils, 101 
—, effect on viscosity of transfer ink, 324 
—, uses of, 32 
Semi-printing inks, classifications, 412 

uses, 394 
Sensitive plates, preserv’ation of, 287 
Sen.sitized films, effect of chlorides on, 288 
—, for grained plates, 22 
—, preparation of, 286, 287 
Sensitized glass plates, for making transparent 

positive, 23 ♦ 
Sensitize<l paper, use in making rotogravure 

plates, 23 
—, use m photolithography, 27 
Sensitize<i plates, use of, in matrices, 22, 298 
Sensitizer, ammonium bichromate as, 286 
—, defined, 493 
—, gallic acid ns, 400 

in lithography, 243 
—, tannic acid as, 400 
Separation negative, defined, 308 
Separation of colors, in matrix preparation, 309 
Seration, stainii^ by, 256 
Service checks, intaglio inks for, 284 
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Seeame oil, in transfer ink, 325, 326 
Setoglaucine, water-soluble basic dye, 158 
Setting, defined, 117, 236, 493 
—, effect of driers on, 203 
—, of linseed oil varnish, 342 
Settling of pigments, tests for, 470 
Shade, defined, 493 
—, reduction of, 265 
Shading, in half-tones, 15 
—, in Ime etching, 15 
—, in mezzotints, 21 
—, in offset printinj^, 27 
—, in swrelled-gelatm plates, 18 
Shale, carbonaceous black pigment, 174 
—, in quick-drying inks, 220 
Shale oil, defined, 493 
—, mixing of pigments with, 211 
—, modifying agent for lithographic varnish, 204 
Sheepskin, dusting agent, 360 
Shellac, binding agent, 281 
—, defrothing agent, 279 
—, dye modifier, 352 
—, effect on chlorinated rubber, 410 
—, in amalgam inks, 411 
—, in aniline inks, 355 
—, in autographic ink, 251 
—, in cellulose inks, 283 
—, in drying oil ink, 215 
—, in fluorescent ink, 250 
—, in ink for cellulose printing, 374 
—, in transfer ink, 320 
—, in india ink, ^ 
—, in ink for cellophane films, 378 
—, in lithographic chalk. 253 
—, in lithographic crayons, 244 
—, in non-inflammable inks, 410 
—, in quick-drying ink, 224 
—, in rubber plate ink, 343, 409 
—, in stencil ink, 415 
—, in transfer ink, 319 
—, in varnishes, 87 
—, in vehicles, 395, 398 

in water-base inks, 277 
—, in water-soluble transfer ink, 328 
—, in wax inks, 239 
—, in zincography, 300 
—, photosensitive films from, 290 
—, see also lac 
—, solvents for, 230 
—, transfer base treatment with, 318, 319 
~, vehicle, for transfer ink, 321 
Shellac soap, in transfer ink, 328 
Shipping of inks, problems, 418 
Short ink, defin^, 30, 116, 199, 263, 493 
Show through, defined, 197, 479, 493 
—, in newsprint, 217, 218, 479 
Shraders, for ink removal, 483 
Shrinkage, due to fiber pulping, 484 
Siccatives, defined, 493 
—, in intaglio inks, 270 
—, see drier, 
Siccative acid, in fluorescent paint, 402 
Siennas, composition of, 140 
—, natural pigments, 31 
Silex, pigment, 248 
Silica, fused, gum arabic films on, 244 
—, impurity in aluminum plates, 246 
—, in baryte extender, 154 
—, in ink remover, 481 
—, in ultramarines, 143 
—, sticking inhibitor, 117 
Silica black, manufacture of, 178 
Siliceous earth, to suppress the yellow of linseed 

oU, 212 
Silicic acid, cause of livering, 126 

color intensifier, 117 
Silicon dioxide, silica black from, 178 
Silk, transfer ink for, 324 
—, transfer printing on, 313, 320 
—'. use in India ink manufacture, 41 
Silk screen process, for printing on temporary 

transfer base, 316 

Silk acetate, viscosity reference, 374 
Silking, prevention of, 129 
Silver, colloidal, in emulsion inks, 335 
—, gum arabic as desensitizing agent for, 244 
—, in preparing photosensitive plates, 295 
~, in transfer ink, 321 
—, transfer printing of, 312 
Silver bronze, composition of, 362 
—, use in preprints, 360 
Silver iodide, light sensitizer, 299 
Silver nitrate, in lithographic ink, 255 
—, in sympathetic inks, 405 
Silver oxide, in glass ink, 379 
—, vehicle for, 380 
Silver salt, emulsion, in preparation of litho¬ 

graphic matrices, 299 
—, in amalgam inks, 411 
—, in indelible ink, 399 
Silver sulphate, in sympathetic inks, 406 
Silver sulphides in sympathetic inks, 406 
Silvinite, emulsifying agent, 333 
Size, defined, 494 
Sizoil paper, preparation of, 360 
—, ink relation, 367 
Skim milk, in intaglio inks, 279 
Skinning, defined, 494 

during storage, 119, 124 
—, in presence of excess driers in ink, 107 
—, of quick-drying inks, 225 
Skin oil, in fingerprint inks, 411 
Slate, pigment from, 174 
Slip sheet, defined, 368, 494 
—, effect of aniline inks on, 357 
Smoke, effect on pigments of, 432 
Smoothness, effect of titanium dioxide on, 128 
—, of drying oil ink, 203 
—, of papers, tests for, 447 
Smudging of inks, causes, 216 
—, prevention of, 231, 265, 426 
Soaps, binding agents, 396 

cause of livering, 126 
—, dispersing agents, 114, 115 
—, effect on chrome yellow, 139 

emulsifying agents, 115 
—, in drying oil ink, 206 
—, in emulsion inks, 345 
—, in India ink, 253 
—, in ink remover, 441, 482 
—, in intaglio inks, 277, 279, 339 
—, ink resistance to, 457 
—, in lithographic crayons, 244 
—, in lithographic inks, 244, 251 
—, in news ink, 221 
—, in stencil inks, 415 

, in transfer inks, 244 
—, in water resistant ink, 206 
—, in water-soluble transfer ink, 328 
—, modifying agents, 222 
—, protective colloids, 334 
—, resinous, drying oil ink modifier, 213 
—, surface activity of, 335 
—, wetting agents, 114 
Soapstone, in removal of ink from waste paper, 

481 
—, smudging preventative, 427 
Soap-wrapper inks, pigments for, 135 

, prerequisites of, 390 
Soda, in lithographic varnish, 116 

in sympathetic ink, 405 
Soda ash, in manufacture of ultramarine blue, 143 
—, in marking ink, 399 
—, in preparation of an acid lake, 160 
Soda ultramarines, properties of, 143 
Sodium, dp^ing agent, 102 
Sodium acid tartrate, in sympathetic inks, 405 
Sodium alginate, in transfer base treatment, 819 
Sodium aluminum phosphate, wetting agent, 113 
Sodium amyl sulphate, drying accelerator, 127 
—, smearing preventative, 127 
Sodium benzoate, conserving agent, 360 
Sodium benzylsulphanilate, mk stabilizes 129 
Sodium bicarbonate, in embossing ink, 398 
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Sodium bicarbonate, in transfer printing, 313 
Sodium bichromate, in preparing chrome green, 

144 
—, in Prussian blue, 141 

, see ofio sodium dichromate 
Sodium borate, in ink remover, 481 
Sodium bromide, in sympathetic inks, 415 
Sodium carbonate, in aluminum hydrate prepara¬ 

tion, 154 
—, in emulsoid inks, 344 
—, in indelible ink, 399 
—, in ink remover, 481, 482 
—, in intaglio inks, 337 
—, in marking ink, 399 
—, in resin preparation, 231 
—, in sympathetic ink, 405 
—, in transfer printing, 313 
—, in typographic inks, 342 
—, in vehicles, 280 
—, plate stain remover, 256 
—, transfer base treatment with, 315 
Sodium chlorate, in Prussian blue preparation, 141 
Sodium rhloride, in aluminum hydrate prepara¬ 

tion, 155 
—, in electrically comluctive ink, 410 
—, in ink remover, 483 
—, in Methyl Violet preparation, 158 
—, in stencil inks, 415, 416 
—, in sympathetic inks, 405 
—, lake precipitating agent, 160 
Sodium citrate, in sympathetic inks, 405 
Sodium cymenesulphonate, in fruit-marking ink, 

392 
Sodium dichromate, colloid conditioner, 384 
—, nee also sodium bichromate 
Sodium-p-diethylaminobenzoate, emulsifying 

agent, 115 
Sodium diisopropylnaphthalencsulphonate, surface 

tension lowering agent, 128 
Sodium ferrocyanide, iron blues from, 141, 142 
Sodium fluoride, in intaglio inks, 339, 340 
Sodium formaldehydesulphoxylate, ink stabilizer, 

129 
Sodium hvdrosulphide, in emulsoid inks, 348 
Sodium hydrosulphite, in Ponsol Blue pigment 

preparation, 185 
Sodium hydroxide, emulsifying agent, 343, 421 
—, in ink remover, 481 
—, in quick-drying inks, 223 
—, in safety inks, 407 
—, in transfer base treatment, 316, 320 
—, in transfer printing, 313 
—, in water-soluble transfer ink, 328 
—, use in making driers, 101 
Sodium hyposulpite. in fruit-marking inks, 393 
—, in lithographic inks, 347 
Sodium iodide, in sympathetic inks, 405 
Sodium lactate, in lithographic ink, 257 
Sodium lauryl sulphate, in releasing liquid. 314 
Sodium magnesium chloride, in lithographic ink, 

257 
Sodium myristyl sulphate, in releasing liquid. 314 
Sodium naphthalenesulphonate in bronze litho¬ 

graphic ink, 250 
Sodium naphthionate, in safety inks, 407 
Sodium nitrate, in etches, 245 , 246 
“, in quick-drying ink, 400 
Sodium nitrite, in Lithol Reel preparation, 163 
—, in permanent printing inks, 400 
Sodium oleate, gelation inhibitor. 58 
—, in triethanolamine oleate preparation, 143 
—, use in pigment transfer, 194 

orthoborate, in ink removal pror.es,s, 481 
Sodiuni peroxide, in bronze powder adhesiv'e, 360 

m ink removal process, 481 
Sodium persulphate, in ink removal process, 481 
Sodium phosphate, in etches, 246 
—, in safety inks, 407 
Sodium plumbite, vehicle treatment with, 84 
Sodium rioinoleate, emulsifying agent, 143 
Sodium ricinoleosulphonate, in emulsoid inks, 344 
Sodium salicylate, emulsifying agent, 343 

Sodium salts, in modifiers, 222 
—, precipitating power of, 336 
Sodium silicate, effect on, spreading of ink, 117 
—, —, setting of ink, 117 
—, in collotype process, 307 
—, in ink removal process, 481 
—, in quick-drying ink, 223 
—, in typographic inks, 341, 342 
—, transfer base treatment with, 319 
Sodium silicofluoride, extending agent, 149, 151 
Sodium stearyl sulphate, in releasing liquid, 314 
Sodium sulphate, in ultramarine preparation, 143 
Sodium sulphide, in lead test, 470 
—, in sympathetic ink, 406 
Sodium sulphite, dispersing agent, 185 
Sodium Bulphonates, in emulsoid inks, 331 
Sodium sulphoricinoleate, wetting agent, 339 
Sodium tartrate, in typographic inks, 348 
Sodium tliiosulphate, in dot-etching process, 305 
—, in iodine number determination, 455 
—, in peroxide determination, 122 
Soft ink, defined, 263, 494 
Soft paper, printing on, 388, 484 
Soft rubber, stamp-pad type, 413 
Solar oil, drying oils from, 85 
Solfast Pinks, properties of, 168 
Solfast Reds, properties of, 168 
Solid inks, use in offset printing, 265 
Solublity, of driers, 103 
—, of mo<lifying resins, 131 
—, of naphthenate driers, 105 
Solvents, effect on inorganic pigments, 31 
—, for aniline ink dyes, 353 
—, for gravure inks, 270, 271 
—, for lithographic inks, 259 

in quick-drying inks, 234 
—, —, removal of, 235, 236 
—, rate of evaporation of, 235 
—, tolerance for thinner of, 235 
Solvent naphtha, defined, 494 
Soot, in nibber plate inks, 409 
—, pigment in early inks. 40 
—, prepared from resin, 40 
Sorbitol, in hectograph inks, 417 
—, plasticizing agent, 118 
—, softening agent, 438 
Soxhlet extraction apparatus, use in pigment 

tests, 458 
Soya lecithin, emulsifying agent, 143 
Soya oil, properties compared, 81 
Soybean, lecithin from, 125 
Soybean oil, adulterant of linseed oil, 45 
—, drying time of, 79 
—, in stencil ink, 415 
—, in wrapper inks, 391 
—, “non-break," uses of, 79 
—, pigments from, 175 
—, properties of, 78 
—, solubility of chlorinated rubber in, 410 
—, tung oil, mixtures, 78 

vehicle, 198, 272 
Soybean protein, in indelible ink, 400 
Spar varnish, defined, 494 
—, in ink for printing on cellulose, 377 
—, use of cerium naphthenate drier in, 104 
Specific gravity, defined, 442, 494 
—, determination of, 442 
—, of dispersion phases, 330 
—, of orange mineral, 137 
Specific weight, oil absorption relation, 442 
Spectrophotometcrj color classifier, 31, 454 
Speed, of drying m presence of lead driers, 107 
—, of press, relation to time of ink pick up, 196 
Speed printing, rotary press for, 263 
Spermaceti wax, effect of water on, 248 
—, in quick-drying inks, 232 
—, in transfer ink, 316, 325 
Spindle oil, in typographic inks, 344 
—, in vehides, 341 
Spirit Blue, in cellula'>e inks, 376 
Spirit pim, in quiek-drving inks, 230 
Spirit inks, properties of, 230 
Spiritun naponitus, in lithographic ink, 267 
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Spontaneous ^Eoition of linseed oil varnishes, 419 
Spreading of inks, properties, 117 
—, tests for, 452 
Spruce, for newsprint, 480 
—, Norway, in manufacture, 42 
—, roein content of, 480 
Stability, of inks, 128 
—, of suspensions, 189 
Stabilizer, benzamide salts as, 102 
—, gum as, 115 
—, pectins as, 115 
—, pyridine salts as, 102 
—, resins used, 343, 344 
—, triethanolamine salts as, 102 

rubber as, 343, 344 
—, tannins as, 115 
—, vegetable mucus, as, 115 
Stabilizers, in emulsion inks, 331 
—, in typographic emulsion inks, 341 
—, of driers, 102 
—, of emulsions, 77 
Stain remover, sodium carbonate as, 256 
Stainless steel kettles, uses, 370 
Stamp-pad inks, composition of, 413, 414 
—, iron oxide in, 177 
—, ochre in, 140 
—, pigments for, 141, 154 
—, pigment standards, 413 
Stamps, ink for, 341 
Stand oil, accelerated production of, 83 
—, defined, 47, 494 
—, drying power of, 49 
—, molecular rearrangements in, 47 
—, in drying oil ink, 206 
—, prepared with, catalysts, 47 
—, —, rosins, 47 
—, —, synthetic resins, 47 
—, properties of, 59, 61 
—, sunflower-seed oil as, 79 
—, wetting agent for, 191 
Stand oil kettles, features, 90, 93 
Starch, color intensifier, 117 
—, dusting powder, 303 
—, effect on offset, 33, 117 
—, filler, in protective coating, 373 
—, in gloss finish inks, 412 
—, in ink removal process, 481 
—, in lithographic inks, 244, 259 
—, in offset preventative, 33 
—, in sympathetic inks, 405, 406 
—, in wallpaper ink, 396 
—, iodine indicator, 455 
—, pigment from, 175 
—, protective colloid, 334 
—, sizing agent, 248 
—, smudging preventative, 427 
—, thickening agent, 390 
—, transfer base treatment with, 313, 314, 315, 316, 

319 
—, water-mix inhibitor, 434 
Steam, application of binder with, 238 
—, for fixing transfer ink, 327 
—, transfer agent, 316 
—, use in deodorizing rubber, 200 
Stearate, drier, solubility compared with naphthe- 

nate, 105 
Stearates, solvents for polystyrene resins, 132 
Stearic acid, antioxidant, 124 
—, fixative agent, 365 
—, in grape-seed oilj 80 
—, in quick-drying ink, 224 

in safflower oil, 80 
—, in 8tillm|ds oil, 81 
—, in transfOT ink, 325, 326 
—, particle-welding preventative, 152 
—, solvent for basic dyes, 160 
—, titaniiun salt of, as drier, 100 
—, wetting agent for lithopone, 112 
Stearin, in drying accelerant, 127 
—, in i^oss finish inks, 412 
—, in printing rollers, 345 

, in ribbon inks, 416 

Stearin pitch, in transfer ink, 326, 327 
—, use in vehicles, 71 
—, use in drying oil ink, 204 
p-Stearylaminophenyltrimethylammonium sulpho- 

methylate, in waterproof ink, 400, 401 
Steel-plate inks, classification of, 34, 270 
Steel plates, use with money and security inks. 

408 
Steel rotogravure plate, preparation of matrices 

on, 293 
Stencil inks, aniline inks as, 357 
—, compositions, 414, 415, 418 
—, water-color inks as, 411 
Stencil pastes, alcohol in, 116 
—, alkyd resins in, 116 
—, ammonium stearate in, 116 
—, calcium oleate in, 116 
—, metallic soaps in, 116 
—, mineral spirits in, 116 
Step-photometer, blackening test, 452 
Stereotype, defined, 13, 494 
—. relation to electrotype, 14 
Stickiness-viscosity relation, 444 
Sticking, preventative for, 265 
Stillingia seed, properties of, 81 
Still residue, from rubber, as ink pigment, 200 
Stippling, defined, 292, 494 
Stokes law, of viscosity, 443 
Stone, etched plates of, 26 
—, grained plates from, 26 
—, lithographic plate from, 25, 44, 240 
Storage of inks, problems, 418 
Stonner viscosimeter, description of, 444 
Straw oil, tar oils from, 220 
Strength of pigment tint.s, 146 
Strike through, tlefined, 30, 197, 494 
—, in groundwood paper, 479 
- , in newsprint, 217 
—, proventatives for, 354 
—, stains from, 218 
Strontium, lithol salts of, as dyes, 163 
Strontium sulphides, fluorescent properties of, 401 
Structure—light-fastness, relation of pigments, 465 
Substrate, defined, 494 
Succinic acid, resin reactant, 231, 439 
Succinic acid—glycerol resin.s, in lithography, 249 
Sudan dye, in fabric ink, 388 
- in overprint varnishes, 371 
Suet, in lithography, 252 
Sugar, in transfer printing, 313 
—, planographic ink modifier, 259 
Sugar bags, marking ink for, 399 
Suini, lampblack, 485 
Sunflower-seed oil, deliydrogenation of, 79 
—, properties of, 81 
Sunlight, effect on inks, 468 
Supercalendered paper, half-tone on, 484, 485 
Superimposed inks, detection of, 457 
Sulphanilic acid, effect on livering, 125 
Sulphated oils, teat for impurities in, 471 
Sulphite fibers, size of, 479 
Sulphite liquor, binding agent, 345 
—, in emulsion inks, 344, 345 
—, in paper reactant ink, 410 
—, in vehicles, 341 
Sulphite paper, ink for, 263 
Sulphite pulp, content in newspaper stock, 217 
—, defined, 494 
—, effect on, gloss of paper, 479 
—, —, ink absorption of paper, 479 
—, —, opacity of paper, 480 
—, —tensile strength of paper, 479 

in newsprint, 479 
—, production of, 479 
Sulphite waste liquor, defined, 494 
Sulphonated castor oil, dispersing agent, 114 
—, in intaglio inks, 339, 340 
—, in releasing liquid, 314 
-wetting agent for carbon black, 112 
Sulphonated dibasic acid esters, wetting agents, 

333 
Sulphonated higher alcohols, wetting agents, 112 
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Siilphonatcd mineral oil, effect on fluidity of inks, 
112 

—, wetting agent for lithopone, 112 
Sulphonated hydrocarbons, wetting agents, 338 
Sulphonated nigrosine salts, as pigments, 161 
Sulphonated oils, dispersing agents, 114 
—, emulsifying agents, 338 
—, wetting agents, 147 
Sulphonated triphenylmethane, as dye, 161 
Sulphonntion of phthalocyanines, process, 167 
Sulphonic acids, dispersing agents, 403 
—, dispersion stabilizer, 118 
—, detection of, 471 
—, in formation of terpenic ethers, 126 
Sulphonic acid salts, in ink removal process, 482 
Sulphur, in drying oil-rubber ink, 201 
—, in intaglio inks, 271 
—, in lins^ oil, 419 
—, in offset printing, 128 
—, in paper, action on lead pigments, 472, 476 
—in planographic ink, 251 
—, in rollers, 128, 438 
—, in nibber blankets, 267 
—, in vulcanization process, 385 
—, lithographic ink modifier, 259 
—, molten, as transfer agent, 313 
—, sensitizer increaser, 290 
—, solutions, adhesion intensity of. 335 
—, transfer base treatment with, 315 
Sulphur chloride, in asphalt films, 290 
-, in fluorescent ink, 402 

■ resin pigment catalyst, 178 
Sulphur dioxide, bleaching agent, 403 

, polymerizing agent, 83 
treatment of mineral oils with, 222 

Sulphuric acid, effect on, dyes in ink, 476 
- -, —, rosin, 130 
—, —, tar acid re.sidues, 84 
—in iron blue preparation, 142 
—, in lithography, 250 
—, in meat-marking ink, 392 
—, in metal inks, 362 
—, in paper, effect on vehicle, 476 
—, in quick-drying inks, 221 
—, in treating rubber for ink reception, 200 

in water-soluble dye formation, 158 
- -, petroleum distillate sweetener, 221 

sensitization with, 243 
—, treatment of anthracene oil with, 220 
Sulphuric ether, in thinner for drying oil ink, 20.S 
Sulphur monochloride, as drier for oils, 110 
Sulphurous acid, bleaching agent. 481 
—, treatment of mineral oils with, 222 
Sulphur pigments, properties of, 134 

yellowing of, in presence of len<I driers, 106 
Sulphur trioxide, in Venetian red preparation. 13S 
Surface activity, effect in emulsion inks of, 331 
—, effect in intaglio inks of, 279 
—, relation of livering to. 126 
Surface sized paper, printing on, 484 
Surfaces, printing, eon.struction of, 440 
Surface energy, defined, 187 
—, measurement of, 331 
Surface tension, effect of, driers on, 103 
—, —, sodium diisopropvlnaphthnlencsulphonatc 

on, 128 
- —, zinc on, 107 
—, free energy relation, 468 
—, Lan^uir balance, for determining, 58 
—, of aJkyl-substituted benzenes, 260 

, of basic dyes, 351 
—, of carbon blacks, 179 ' 
—, of gravure inks, 270 
—, of naphthalenes. 260 
—, of water-base inks, 271 
—, penetration, relation, 448 
—, relation to drying of paint, 103 
Surface, water-repellent, nature of, 302 
Suspension, adhesion tension relation, 189 
Sw^ish olein, defined, 75, 494 
Sweet oil, in typographic ink, 208 
Swelled-gelatin plate, eleotroype from, 18 

Swellcd-gelatin plate, shading in, 18 
Swelled-gelatin process, action of light on sensi¬ 

tized coating, 18 
—, basis, 18 
—, cost relative to half-tones, 18 
—, use of, graphite in, 18 
—, —, plaster in, 18 
—, —, potassium bichromate in, 18 
—, —, wax in, 18 
Swelling agent, metallic soaps as, 206 
Swelling, of paper, causes of, 483 
—, of rubber blankets, causes of, 264, 420 
Syan Blue, offset color, 265 
—, properties of, 165 
Sympathetic inks, “Cellosolve” acetate in, 404 
—, defined, 494 
—, detection of, 457 
—, uses for, 403 
Rvneera wax, in water-inks, 238 
Synourin oil, composition of, 71 
—, drying piopcrties of, 72 
—, physical properties of, 72 
—, use as vehicle, 266 
Synthetic pigments, manufacture of, 31 
vSynthetic lesins, binding agents, 275, 277, 281 
—, detection of, 456 
—, drying agents, 225 
—, in coinpo.sition coatings, 231 
—, in dr>dng oil ink, 208 
- in intaglio ink.s, 337 
—, in lithographic inks, 250 
—, in sensitized films, 290 
- properties of, 129 
—, solubility of, 131, 235 
Synthetic rubber, chloroprene, in rollers, 438 
—, from diolefins, 389 
Synthetic vehicles, advantages of, 266 
Synthetic waxes, tack inhibitors, 116 
Syrian asphalt, photo sensitizer, 290 
Syrup, in stencil inks, 415 

ack, defined, 30, 494 
, elimination of, with cellulose acetate, 231 

—, with cellulose nitrate, 231 
—, with corn starch, 382 
—, with excess drier, 107 
—, with greasy substances, 116 
—, with paraffin wax, 116 
—, with petrolatum, 116 
—, with resins, 231 
—, with Santicizers, 231 
—, with synthetic waxes, 116 
—, with wool fat, 116 
evaluation of, 447 
increase of, by addition of rosin, 205 
in lithographic inks, 34 
m drying-oil ink, 203 
of drying-oil ink in two-color punting, 214 
of ink, relation to paper, 476 
of linseed oil, 409 
of rubber, 268 
relation to film thicknev'^, 447 
— temperature, 447 
— viscosity, 444 

ale, dusting powder, 303 
in indelible ink, 400 
m removal of ink from waste paper, 481 
in temporary transfer base, 317 

. smudging preventative, 427 
Tall oil, by-product from treatment of wood, 480 

defined, 494 
products, 75 

. properties, 75, 76 
Tapioca flour, in binding ^enls, 396 
Tallow', ns a non-drying oil, 32 

in lithographic cr,«iyons, 244 
in litliography, 250 , 259 
in plate preservative, 287 
in preparation of aluminum powder, 152 
in transfer ink, 316, 321, 329 
in wash-out solutions, 245 
offset preventive, 33 
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Tallow soap, in planographic inks, 253 
Tannic acid, as a modifier, 417 
—, bleeding depressant, 355 
—, in bank note ink, 409 
—, in indelible ink, 400 
—, in logwood, 402 
—, in sympathetic inks, 405 
—, in transfer ink, 327 
—, pigment from, 159, 175 
—, wetting agent, 147 
Tannin, as a livering retardant, 126 
—, as protective colloid, 334 
—, as stabilizer, 115 
—, bleeding depressant, 355 
—, flexibility increaser, 366 
—, in emulsoid inks, 330, 349 
—, in lakes. 247 
—, in laundry marking ink, 399 
—, in water-base inks, 279 
—, modifier, aniline ink, 350 
—, to prevent striking through, 354 
Tannin lakes, of aniline dyes, 388 
—, effect of acetic acid on, 351 
Tanning, causes, 288 
—, degree of, 2M 
—, of hides, 39 
—, of sensitized plates, 287 
—, with formalin vapor, 395 
Tar, from wood distillation, in drying-oil ink, 207 
—, in newspaper inks, 210 
—, oxidation of, 178 
Tar acid-formaldehyde resins, as a binder, 282 
Tar acid residues, vehicles from, 84 
Tar oils, from coal, wood, peat and straw, 220 
—, in fabric-marking ink, 390 
—, in printing inks, 221 
—, oxidation to resin pigments, 178 
—, oxidized, in drying-oil ink, 201 
—, use in dispersion of vehicles, 128 
Tartar, in planographic inks, 249, 259 
Tartar emetic, in preparation of lakes, 159 
Tartoric acid, in aniline ink, 357 
—, in electrically conductive inks, 410 
—, m fabric-marking ink, 398 
—, in preparation of chrome green, 144 
—, tone protector, 259 
—, treatment of temporary transfer base with, 

313, 314 
Tartrazine, light-restraining agent, 295 
—pigment properties, 181 
Tekaols, defined, 494 
—, iodine value, 61 
—, molecular weights, 61 
—, preparation of, 59 
Tekaolization, solvents, 60 
Tekaolsor, vehicle, 266 
Temperature, change of drier ratio with change 

of, 104 
—, control, during printing, 423 
—, effect on acidity of carbon, 181 
—— color, 181 
—, — graining, 307 
-, — inks, 35, 466 
—, — molecular refraction, 451 
—, — oxidation of linseed oil, 58 
—, — paper, 314, 4fS, 484 
—, — viscosity of ink, 443, 475 
Temporary transfer base, adhesive in, 317 
—albumin in treatment of, 316 
—, ammonium alginate in, 319 
—, anti-curling lacquer for, nitrocellulose in, 315 
—, —, ethyl alcohol in, 315 

, —, butyl acetate in, 315 
—, —, gum dammar in, 315 
—, —, toluene in, 315 
—, —, ethyl acetate in, 315 
—, bleefling of, 323 
—, butyl acetate in, 317 
—, butyl ether in, 316 
—, calcium chloride in, 318 
—, Cellophane as, 312, 314 
—, cellulose ester film on, 317 

Tenmorary transfer base, cobalt linoleatc in, 317 
—, Cumar in, 316 
—, curling in storage, elimination of, 315 
—, curling of, animal glue in treatment to pre¬ 

vent, 815 
—, —, dextrin in treatment to prevent, 315 
—, —, glucose in treatment to prevent, 315 
—, dextrin for treatment of, 315, 316, 319 
—, dibutyl phthalate in, 318 
—, drying-oil treatment of, 319 
—, elimination of lumpiness in, 314 
—, embossing of back to eliminate offsetting, 314 
—. emulsion of transfer ink and base treatment, 

318 
—, ethyl acetate in, 318, 317 
—, ethylene glycol in, 316 
—, fabric ns, for transfer printing, 311 
—, flexibility of, 319 
—, for transfer printing, 311 
—, fusible water-soluble ink on, 316 
—, gelatin in, 317 
—, glassine paper as, 318, 319 
—, glycerol m, 315, 317, 318, 321 
—, gum arable, 317 
—, gum dammar adhesive in, 318 
—, gum elemi in, 317 
—, gum karaya in, 315 
—, gum mastic in treatment of, 316 
—, gum tragacanth in, 315 
—, gum treatment of paper for, 316 
—, gummed paper for, 318 
—, high-speed offset printing of, 317 
—, impermeable to wax, 319 
—, impregnation with wax, 329 
—, linseed oil in, 317 
—, lithographic printing on, 316 
—, lithopone in, 317 
- •, minimizing ink absorption of, 314, 315, 329 
—, natural resins for treatment of, 314 

-, nitrocellulose in, 317, 319 
—, of collodion, 817 
- offsetting of, 314 
- —, elimination by treatment with chalk, 314 
—, paper as, 311, 314, 315, 326 
—, —, gelatin treatment of, 319 
—. —, treatment of during manufacture of paper, 

316 
—, paraffin wax on, 319 

printing of, bv lithographic processes, 314 
- , petroleum distillate in, 316 
-rag paper as, 319 
—, rosin in treatment of, 316 
—, silk-screen printing on, 316 
—, sized paper for, 315 
—, smewthing of, 319 
—, sodium alginate for treatment of, 319 
—, sodium hydroxide in treatment of, 316, 320 
—, sodium silicate in treatment of, 319 
—, starch in treatment of, 314, 316, 319 
—, synthetic resin for treatment of, 314 
—, talc in, 817 
—, toluene in, 317 
—, transparent paper for, 318 
—, treatment of, with beeswax, 319 
—, —, with Chinawood oil, 310 
—, —, with Chinese insect wax, 818 
—, —, with citric acid, 314 
—, —, with colophony to prevent ink penetration 

of, 315 
—, —, with dextrin, 314, 315 
—, —, with egg albumin, 315 
—, —, with elemi gum, 314 
—, —, with glue sizing, 318 
—, —, with glycerol, 314, 315, 319 
—, —, with gum, 314, 315 
—, —, with gum arabic, 315 
—, —, with kerosene, 319 
—, —, with lac, 314 
—, —, with lacquer, 314 
—, —, with neat's-foot oil. 819 
—, with paraffin wax, 318 

, with paracoumarone, 318 
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Temporary treatment with phenol, 319 
—, —, with potassium alum, 319 

, with potassium dichromatc, 319 
, with rosin, 318 

—, —, with sandarac, 314 
—, —, with shellac, 318, 319 
—, —, sodium carbonate to prevent ink penetra¬ 

tion off 315 
—, —, with starch to prevent ink penetration, 315 
—, —, with sulphur, 315 
—, —, with toluene, 319 
—, —f with wax, 314 
—, tricresyl phosphate in, 317 
—, unsized paper for, 314 
—, water-insoluble adhesive on, 318 
—, water-soluble gum in, 318 
—, wetting of by transfer agent, 314 
—, zinc oxide in, 317 
Tensile strength, of paper, relation to printing, 

237, 472, 484 
Tereberic acid, drier, 247 
Tcrpineol, as a thinner, 120 
Terpenes, as antioxidants, 123 
—, polymerized, in drying-oil ink, 206 

use as drier, 110 
Terpenic alcohols, as antioxidants, 123 
—, m formation of terpenic ethers, 126 
Terpenic ethers, as plasticizing agents, 118, 126 
—, as solvents, 126 
—, synthesis of, 118 
Terpenic ketones, as antioxidants, 123 
Terpenyl ethyl ether, synthesis of, 119 
Terpenyl methyl ether, synthesis of. 119 
ft-Terpinene, in terpenic ether synthesis, 118 
Terpineol, in metallic inks, 364 
—, in planographic inks, 258 
—, in wood-printing inks, 395 
Terpinyl acetate, as a thinner, 126 
—, m metallic inks, 364 
—, in planographic inks, 258 
Tetrahydronaphthalene, in inks for cellulose ester 

plastics, 376 
—, in inks for rubber, 387 
—, in intaglio inks, 2W 
—, in leather-printing inks. 395 
—, in quick-drying inks, 226. 231 
—, in removal of ink from waste paper. 481 
Tetrahydro-l,4-oxnzine, emulsifying agent. 115 
Tetralin, Bee tetrahvdronaphthalene 
Tetrazotized o-toluidine, in safety inks. 407 
Textiles, inks for, 365 
—, ink removal from, 441 

transfer printing on, 313 
Textile fibers, paper from, 432 
Thallium halides, dispersing agents. 147 
Thermatomic process, carbon blnek, 174 
Thermographic ink, formula for. 234 
Thermography, embossing by. 397 
Thermoplastic resin, use in making tvpe, 195 
ThermoTOtting resins, ink modifiers, 132 
Thickening agent, barium sulphate as, 207 
—, calcium sulphate as, 207 
—, carbohydrate ethers as, 118 
—, chalk as, 207 
—, cetyl alcohol m, 118 
—, extraction residues as, 118 
—, hexadecyl alcohol as, 118 

kaolin as, 207 
kieselguhr as, 207 

—, powdered minerals as, 204 
—pulverized oil cakes as, 118 
Thinners, evaporation of inks containing, 454 
—for intaglio inks, 272, 284 
—, for drying-oil ink, 203 , 204, 208 
—, for lithographic inks, 258, 259 
—, for offset inks^ 117 
—, for quick-drying inks, 231 
—, kerosene as, 126 
—, magnesium silicate used, 126 
—, nickel silicate as, 120 
—, rosin as, 120 
—, terpineol as, 120 

Thinners, terpinyl acetate as, 126 
—, varnish as, 120 
Thiocyanate number, defined, 46, 494 
—, macro method of determining, 46 
—, semi-micro method of determining, 46 
Thiodigl^col, in fruit-marking ink, 3^ 
Thioflavme, properties, 158 
Thixotrometer, 444 
Thixotropic inks, preparation of, 234 
Thixotropy, defined, 494 
—, measure, 444 
—, relation to viscosity, 444 
Thorium, use as drier, 101, 104 
Thorium halides, dispersion agent.s, 147 
Three-color process, description, 308 
Throwing out, defined, 494 
Thymol, as an antioxidant, 124 
—, in fabric-marking ink, 388 
Ti-Bar, composition, 147 
I'i-Cal, composition, 147 
Time clock inks, 416 
Tin, gum arabic films on, 244 
—, printing surfaces, 440 
—, use in processing drying-oil ink, 211 
Tin foil, cellulose nitrate on, 382 
—, flux for lead backings of electroypes, 14 
—, inks for, 381 
—, method for printing on, 225 
Tin halides, as rubber polymerizing agents, 231 
Tin hydroxide, in quick-drying inks, 226 
Tin oxide, in quick-d^ing inlM, 226 
Tin plate, printing, difficulties, 256 
—, —, effect of driers on, 106 
Tin-printing inks, 135, 136 
—, cellulose derivatives in, 77 
Tin salts, in amalgam inks, 411 
I'inctorial strength, 459 
Tint, defined, 494 
—, of ultramarine blues, 143 
Tinting strength, carbon black, 180 
—, of pigments, 146 
—, relation to coloring power, 460 
Tintometer, 461 
—. Lovibund, 453 
Titanated lithoponc, pigment, 146 
Titanium barium, pigment, 146 
'I'itanium halides, di.'spersing agents, 147 
Titanium dioxide, effect on azo dyes, 148 
—, effect on printing inks, 128 

in aniline inks. 352 
-, in inks for cellulate ester plastic.s, 376, 377 

—, in inks for currency, 408 
—, in intaglio inlw, 283 
—, in meat-marking ink, 392 
—, in planographic inks, 248 
—, in quick-drying inks, 230 
—, in soft-paper ink, 388 
—, in sympathetic inks, 406 
—, in transfer inks, 321 
—, lead compounds as wetting agents for, 112 
—„ lecithin as a wetting agent for, 172 
—, oil nbsonJtion, 147 
—, oxidization of driers by, 106 
—, pigment properties of, 31, 145, 150 
—, zinc naphthenates as wetting agents for, 112 
—, zinc oleate as a w'etting agent for, 112 
Titanium salts, as driers, 100 
Titanium tetrachloride, reaction with stearic acid, 

100 
Titanox, composition, 147 
—, in transfer ink, 325 
Titration, electrometrical, 454 
Tobias acid, in preparation of pigmont-s, 163 
Toluene, effect on rubber, 421 
—, for deaning type, 420 
—, in drying-oil ink, 215 
—, in emulsoid inks, 348 
—, in fluorescent inks, 402 
—, in ink remover, 441 
—, in inks for cellulose ester plastics, 376 
- -, in intaglio inks, 239, 270, 271, 275, 282 , 284 

-. in leather-printing inks, 395 
—, in metallic inks, 365 
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Toluene, in non-conducting inks, 410 
—, m quick-drying inks, SQl, 233 
—, in toeatment of temporary transfer base, 315, 

317, 819 
—> tee also toluol 
—, solvent power, 34 
—, toxicity, 434 
m-Toluenediamine, antioxidant, 124 
p-Toluenesulphonio acid, in synthesis of terpenic 

ethers, 118 
Toluio acid, amylbenzoate of, as drier, 105 
Toluidines, as antioxidants, 123, 124 
Toluidine Red, pigment properties of, 157, 164, 168 
Toluol, in aniline inks, 353 
—, in quick-drying inks, 235 
Tomato-seed oil, ink vehicle, 78 
Tone, measure. 463 
Tone-free prints, 258 
Tone protector, 259 
Toners, blue, effect on linseed oil, 211, 212 
—, defined, 494 
—, double, definition, 212 
—, double, use of, 212 
—, effect on viscosity, 218 
—, in einulsoid inks, 345 
—, in ink containing nibber, 200 
—, in newspaper inks, 217, 220, 480 
—, relation to pigment, 30 
—, spirit soluble, bleeding of, in cellulose varnish, 

212 
Toning, 257 
—, dot method, 291 
—, of aluminum inks, 365 
—, of intaglio prints, 291 
Toptone, defin^, 494 
Torsion pendulum, viscosimeter, 444 
Torsion viscosimeter, 443 
“Touch-paper” inks, uses of, 406 
Toxicity, of pigments, 391 
—, of solvents, 434 
—, of wrapper-inks, 390 
Train oil, cause of offset in ink, 197 
—, effect on drying of linseed oil, 197 
—, fata in, 197 
—, in ink, 197, 199 
—, see also fish oil 
Transfer agent, ammonium hydroxide in, 313 
—, borax in, 313 
—, Castile soap in, 313 
—, cedarwood oil in, 313 
—, cottonseed oil in, 313 
—, dibromohydroxy-mercury-fluorescein in, 313 
—, ethyl alcohol as, 329 
—, heat as, 316 
—, methyl alcohol in, 313 
—, olive oil in, 313 
—, palm oil in, 313 
—, phenol as, 319 
—, pressure as, 329 
—, potassium hydroxide in, 313 
—, sodium bicarbonate in, 313 
—sodium hydroxide in, 313 
—, steam as, 316 
—, sulphur as, 313 
—, turpentine in, 313 
—, water in, 313 

wetting of temporary base by, 314 
Transfer mk, absorption of, by temporarv bases, 

314 
—, aging of semi-drying oil type, 324 
—, alcohol in, 325 
—, alcohol-soluble, 315 
—, alcohol-soluble dye in, 329 
—, alcohol soluble resin in, 315 
—, aluminum in, 317, 321 
—, amyl acetate in, 315, 323 
—, aniseed oil in, 328 
—asphalt in, 326 
—, bauxite in, 316 
—, beeswax in, 325, 326 
—bentonite in, 326 
—, benzene as transfer agent for, 313 
—, benzine in, 816 

Transfer ink, benzol in, 318 
—, benzyl alcohol in, 321 
—, benzylcellulose in, 327 
—, blown castor oil in, 325 
—, blown linseed oil in, 826 
—, blown rapeseed oil in. 326 
—, boiled linseed oil in, 327 
—, bronze powder in, 315, 317, 318, 319, 321, 323 
—, butyl acetate in. 318 
—, butyl ether of diethylcne glycol in, 326 
—, butyl stearate in, 324 
—, butyl tartrate in, 321 
—. carbon black in, 326, 327, 329 
—, carnaubu wax in, 316, 325 
—, castor oil in, 318, 321, 326, 329 
—. cellulose esters in, 315, 320 
—, ct'llulose ethers in, 315 
—, ceresin wax in, 325 
—, cetyl alcohol in, 325 
—, cobalt drier in, 326 
—, cobalt linolente in, 324 
—, cornstarch in, 327 
—, Cumar gum in, 325 
—, diamyl phthalate in, 324 
—, dibutyl phthalate in, 324 
—, driers in, 317 
—, drying oil in, 324, 325, 326 
—, dryiiig oil type, bleeding property of, 326 
—, effect of driers in transfer base on, 317 
—, effect of mineral on fluidity of, 324 
—, emulsified, carnauba wax in, 326 
—, —, gum tragacanth in, 326 
—, —, ozukeiitc wax in, 326 
—, —, paraffin wax resin in, 326 

, —, stearic acid in, 326 
—, —, triethnnolamine in, 326 
—, —, tmpentine in, 326 
- •, emulsion with temporary base, 316 
—, ethyl acetate in, 318 
—, ethyl alcohol m, 318 
—, ethylcellulose in, 327 

fixing of, by steam, 327 
—, flexible, 327 
—, for ceramics, drying oils in, 328 
—, for cotton, 324 
—, for embroidery printing, 328 
—, for fabrics having complicated wea\e, 327 

for glass, 328 
—, for leather, 321 
—, for metal surfaces, 315 
—, for shading of line drawings, 329 
—, for silk, 324 
—, for wood, 315, 316 
—, for wool, 324 
—, fusible, acid butyl tartrate in, 325 
", —, benzylcellulose in, 324 
—, —, carbon black in, 324 
—, —, cellulose acetate in, 325 
*-*, —, cellulose derivatives in, 324 

—, couinarone in, 324 
- -, —, drying oil in, 324 

, ethylcellulose in, 324 
, —, indene in, 324 

—, —, linseed oil in, 321, 324 
- -, —, natural resins in, 323 
—, —, paracoumarone resin in, 325 
—-I phenol-formaldehyde resin m, 324 
' , rosin in, 321 
- , —, shellac in, 321 
", —, tritolyl phosphate in, 321, 324 
—, —, urea-formaldehyde resin in, 324 
", —, Venice turpentine in, 325 
—, —, water-soluble, for temporary base, 316 
—, gluco.se in, 321 
- , glycerol in, 327, 820 

gunri in, 316 
—, gum (irabic in, 327 
—, gum dammar in, 316, 325 
—, gum elemi in, 316, 325 

um sandarac in, 316 
ard gum varnish in. 316 

—, inability to use direct dyes in, 327 
—, increase drying rate of, 317 
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Transfer ink, in form of emulsion, 326 
—, induline base dye in, 327 
—, kaolin in, 316 
—, lake formation in, 328 
—, lanolin in, 327 

lead acetate in, 321 
—, light colored, blown castor oil in, 324 
—, —, blown rapeaeed oil in, 324 
—, linseed oil in, 313, 315, 321, 323 

, lithographic ink as, 316 
—, lithographic varnish in, 325, 326 

manganese acetate drier in, 321 
—, metallic particles in, 319 

Methylene Blue in, 327 
mineral oil in, 327, 329 

—, montan w’ax in, 325 
—natural resins in, 325 
—, nitrocellulose in, 315, 318, 323 

non-flaking, 327 
—, non-drying oil in, 318, 324, 329 
—, non-saponifiable, 324 
—, oil-free pigment for, 320 
—, oil of cloves in, 328 

oil of lavender in, 328 
—, overprinting of, 327 

-, oxidation of drving oil in, 324 
—, ozokerite in, 325, 326 
—, paracoumarone in. 324. 326. 327 
—, paraffin wax in, 316, 325, 327 

, paraformaldehyde in, 327 
- -, penetration of, into fabric, 326 
—, penetration into trnn.sfer base, reduction of, 

318, 329 
—, petroleum jellv in. 326 
—, phenol-formaldehyde resin in, 326 

phenol-formaldehyde-ro^in eondenvntion prod¬ 
uct in, 327 

plasticizing agent in, 324 
“ , powdered bronze in, 324 

pres.^urc, benzine in, 329 
- , —, oxidised lead carbonate in, 329 
—, ~, paraffin wax in, 329 

—, tallow in, 329 
- -. pres<5ure as a trnn<'fer agent, 329 
-- prevention of running in multicolored tian-i- 

fers. 320 
- , prevention of running by varnish, 320 
—, relation of fluidity to smoothness of impres¬ 

sion. 324 
- . removal by alkaline washing fluiils, 329 
-removal bv water. 329 
—, resin, alcohol-soluble, in. 315 
—, resorcinol in, 327 
—, rosin in, 315, 316, 319, 323, 325. 326, 328. 329 
—, rubber, aluminum chloride coagulant in. 329 
—, running of, samlarac in composition prevent¬ 

ing, 320 
—, —shellac in composition prt'ventinrr. 320 
—, —, zapon lac in composition juevent:ng. 320 
- -, semi-drying oil in, 324 

sesame oil in. 325, 326 
—, shellac in, 319 
—, shellac soap in, 328 
—, silver powder in, 321 
—, soap in, 244 
—, soluble, for printing button holes and other 

marks on fabric, 328 
—, spermaceti wax in, 316, 325 
—, stearic arid in, 325 
—, stearin pitch in. 326, 327 
—, tallow in, 316, 321 
—, tannic acid in, 327 
—, titanium dioxide pigment ha-. 321. 325 
—, treatment of temporary base to obviate pene¬ 

tration, 315 
triacetin in, 324 

—, tricresyl phosphate in, 324 
—, triphenyl phosphate in. 324 

tritolyl phosphate in. 324, 327 
—, Turkey red oil in, 327 

-, turpentine in, 323 
—, ultramarine blue in, 325 

Transfer ink, varnish in, 317 
, viscosity of, change with temperature, 326 

water-insoluble, 316, 325 
water-soluble, 315 
—, acetic acid in, 329 
—, albumin in, 329 
—, beeswax in, 328 
—, caustic soda in, 328 
—, carnauba wax in, 328 
—, corn syrup in, 329 
—, Crystal-Violet in, 328 
—, glycerol in, 329 
—, glycerol in, 328, 329 
—, granulated sugar in, 328 
—, gum arabic in, 329 
—, gum shellac in, 328 
—, linseed oil in, 328 
—, magnesium oxide in, 329 
—, Methylene Yellow dye in, 328 
—, molasses in, 329 
—, j5-naphthol in, 328 
—, rosin in, 328 
—, Rhodamine in, 328 
—, shellac in, 328 
—, soap flakes in, 328 
—, sodium hydroxide in, 328 
—, triacetin in, 328 
—, triethanolamine in, 328 
—, turpentine in, 328 
—, Victoria Blue in, 328 
wax in, 321, 323 
weathering of, 317 
zinc chloride in, 327 
zinc tannate in, 328 

Transfer paper, defined, 494 
in lithography, 241, 263 

Transfer printing, adhesi\c for, castor oil plas¬ 
ticizer in, 318 

albumin in, 318 
aqueous acetic acid in, 313 
carbon dioxide in, 313 
Cellophane as temporary base for, 312 

, Celluloid in, 313 
, cellulose lacquer in, 319 

collodion in, 313 
defined, 311, 494 

, elimination of offset in, 318 
fabric as a temporary base for, 311 
formalin in, 312 
geiatm in, 312, 313 

. glycerol in, 312, 313 
, gold from paper to glass, 312 

gold from paper to pottery, 312 
. gum in, 312 
, gum arabic in, 316 

heat in, 312 
hyilriK'arbon distillate in, 313 
intaglio process in, 311, 317 

, joiners’ glue in, 312 
, oil in, witli sulphur transfer agent, 313 

on cellulose ester surfaces, 320 
on ceramic.s, 317 
on cotton, 313, 320 
on glass, 312, 318, 320, 379 
on lather, 320 
on linen, 320 
on litliographic stones, 312 
on metal, 320 
on pottery, 312 
on silk, 313, 320 

, on textile, 313 
, on wood, 320 

on wool, 313, 320 
paper as temporary base for, 311 
paraffin wax in, 313 
pasteboard as temporary base for, 313 
planographic process in, 311 
potassium dichr«>inalo vsensitized design for, 

312 
prevention of blee<bng in, 312 
sodium carbonate in, 313 
sugar in, 313 
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Transfer printing, temporary bases for, 311 
—, typography in, 311 
—, transposing of prints by chemical reaction, 313 
—, treatment of temporary bases to minimize ink 

absorption, 314 
—, water in, 313 

water soluble gum in, 311 
—, water as transference agent in presence of 

water«8oIuble gums, 312 
—, wax in, 313 
Transparency, defined, 494 
—, of drying-oil ink, 214 
Transparent inks, 352, 357 
—, defined, 494 
—, on metals, 381 ^ 
Transparent positive, from negative, 23 
—, use of sensitized glass plates in, 23 
Treacle, in safety inks, 407 
Triacetin, in inks for cellulose ester plastics, 374, 

378 
—, in intaglio inks, 283 
—, in transfer ink, 324, 328 
l,4,5-Trianisoylamino-8-hydroxyanthraquinone, 

pigment from, 165 
Tricalcium phosphate, effect on lithopone, 150 
—, ink modifier, 129 
Tributyl phosphate, as a wetting agent, 333 
Trichloroethylene, in inks for metals, 382 
—, in intaglio inks, 281, 282 

, in leather-printing inks, 395 
in planographic inks, 259 

—, in quick-drying inks, 232 
—, toxicity, 434, 438 
Trichloromethane, in peroxide determination, 122 
Trichromatic color work, 264 
Tricresyl phosphate, in inks for cellulose ester 

plastics, 374, 376 
—, in leather-printing inks, 396 
—, in quick-drying inks, 233 
—, in ribbon inks, 417 
—, in stamp-pad inks, 413 
—, in temporary transfer base, 317 
—, in transfer ink, 324 
—, in vehicle, 88 
—, plasticizing agent, 118, 296 
Triethanolamine, dispersing agent, 113, 114 
—, in emulsified transfer ink, 326 
—, in intaglio inks, 277 
—, in planographic emulsion inks, 349 
—, in safety inks, 407 
—, in water-soluble transfer ink, 328, 329 
—, livering retardant, 126 
—, transfer aid, 193 
Triethanolamine eleostearate, dispersing agent, 

191 
Triethanolamine oleate, dispersing agent, 143 
Triethanolamine salts, as stabilizers for driers, 

102 
—, in drying-oil ink, 204 
Trihydric phenols, antioxidants, 122 
Triphenylacetins, plasticizers, 374 
Triphenylmethane dyes, in aniline inks, 351 
—pigment properties of, 158 
Triphenyl phosphate, in linoleum lacquer, 393 
—, in transfer ink, 324 

plasticizing agent, 296, 441 
Tritolyl phosphate, in transfer ink, 321, 324, 327 
Tung oil, acid number, 147 
—, composition, 64 
—, emulsions with metal soaps as driers, 101 
—, jselatinization inhibitors, 65 
—, in drying-oil ink, 198, 206, 214 
—, in drying resins, 129 
—, in fabric-marking ink, 389 
—, in fluorescent inks, 401 
—, in inks for glass, 380 
—, in lithographic varnish, 88, 115 
—, in metallic inks, 362, 363 
—, in planographic emulsion inks, 346, 348, 349 

in planographic inks, 250, 267 
, in printing ink manufacture. 32 

—, in quick-drying inks, 225, 226 

Tung oil, in sympathetic inks, 404, 405 
—, in typographic emulsion inks, 344 
—, iodine number, 455 
—lampblack from, 177 
—, lead-manganese drier for, 108 
—, modified, 83, 361 
—, odor, 454 
—, properties, 64 
—, saponification number, 455 
—, solubility of chlorinated rubber in, 410 
—, soybean oil mixtures, 78 
—, substitute for cashew nut oil, 81 
—, substitution by oiticica oil, 108 
—, toxicity, 391 
—, treatment for use in drying oil ink, 214 
—, with rubber in ink, 200 
Tung oil resins, effect on tack, 131 
—, in metallic inks, 361 
—, preparation of, 131 
Tungstate<l lakes, 159 
Tungstated Rhodamine Reds, properties, 168 
Tungsten, stand oil accelerator, 83 
Tungsten lamp, fading test, 466 
Turbidimeter, 465 
Turkey-red oil, defined, 494 
—, dispersing agent, 114 
—, dispersion agent for pigments, 162 
—, in bleachable inks, 403 
—, in drying-oil ink, 207 
—, in frosting ink, 410 
—, in ink removal from waste paper. 482 
—, in intaglio emulsion inks, 338, 339 
—, in mimeograph ink, 415 
—, in planographic emulsion inks, 346, 348, 349 
—, in transfer ink, 327 
Turpentine, conversion to drying oil, 74 
—, dermal irritant, 260 
—, effect on drying, 57 
—, effect on livering, 126 
—, effect on viscosity of inks, 117 
—, for treating wood as a permanent transfer 

base, 320 
—, in development of asphalt, 290 
—, in drying-oil ink, 204, 205, 206, 215, 421 

in gloss finish inks, 412 
—, in indelible inks, 399 
—, in india ink, 253 

in ink removal from waste paper, 441, 480, 482 
—, in inks for rubber, 385 
—, in inks for wood, 396 
—, m intaglio emulsoid inks, 337, 340 

in intaglio inks, 277, 279 
—, in metallic inks, 363 
—, in mineral-oil inks. 219, 222 
—, in planographic inks, 248, 250, 254 , 258, 268 
—, in plate preservative, 287 
—, in stencil ink, 415 
—, in transfer ink, 313 , 323 , 325 , 326, 328 
—. in typographic emulsion inks, 341, 344 
—, in washout solutions, 242, 245 
—, in zincography, 300 
—, interfacial tension of, with water, 332 
—mixture with driers, 101 
—, oxidation of, 337 
—, oxidation with, 268 
—, peroxides in and effect on drying of oils, 109 

plasticizer solvent, 118 
—, resin solvent, 248 
—, use as drier, 109 
Turpentine soap, in lOtli century printing inks, 44 
Tusche, defined, 494 
Twitchell Base, os a dispersing agent, 114 
Two-color printing, pigment content of drying- 

oil ink for, 214 
Tympan, 430 
—, defined, 494 
Tympan sheet, defined, 494 
Type, alignment of, 12 
—, cleaning, 420 
—, clogging of, by cheap ink, 197 
—, metal, used in typographic processes, 195 
—, plastic, use in typographic processes, 195 
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Type, prevention of clogging in, 206 
—, surface, leveling of in early printing meth¬ 

ods, 11 
Typewriter inks, 412, 416 
Typographic emulsion inks, 341-345 
Typographic etching, a« a photochemical process, 

15 
Typographic inks, 195-224, 341-345 
—, description and properties of, 33 
—, history of, 44 
—, requirements, 134 
Typographic matrices, 293 
Typographic printing, origin, 195 
—various papers in, 196 
Typographic process, compared to copper plate 

process, 20 
—, for printing transfer designs on temp(jrary 

bases, 311 
Typography, defined, 8, 494 
—, history, 14 
—, relation to lithography and intaglio, 195 
—, relation to plnnography, 25 
—, types of printing surfaces, 8 
—, used in printing newspapers, magazines, books, 

cards, folders, cartons, covers and wiappers, 
195 

Ultramarine, in composition for ovei printing 
transfer ink, 327 

—, in ribbon inks, 417 
—, in rubber plate inks, 409 
—, effect of light on, 465 
Ultramarine blue, in transfer ink, 325 
—, pigment properties of, 143 
—, tints, 143 
Ultramicroscopc, examination for particle size, 

465 
Ultraviolet light, source comparison, 466 
—, with invisible ink, 399 
Ultraviolet rays, elTect on halogcnation, 455 
—, offset preventive, 368 
—, effect on lithopones, 149 
Umber, pigment properties of, 141 
Undercutting, defined, 494 
—, prevention, 295 
Underhue, defined, 495 
Undertone, defined, 495 
Unsaturation, measurement by hexabroniide num¬ 

ber, 45 
—, — hydrogenation, 45 
—, — iodine number, 45 
—, — thiocyanogen value, 46 
Uranium oxide, pigment, 380 
Uranium salts, in fluorescent inks, 401 
Uranyl, in fluorescent inks, 401 
Uranyl potassium sulphate, in fluorescent inks, 

402 
Urea, in fruit-marking inks, 392 
Urea resins, extenders, 156 

, in intaglio inks, 281 
—, in waterproof inks. 400 
—, in quick-drying inks, 234 
—, in transfer ink, 824, 325 
—, properties of, 132 

N/alence, change, in driers, 100, 102, 104 
Vanadium, action ns drier, 104 
Vanadium oxide, resin pigment catalyst, 178 
Vanillin, deodorant, 437 
Varnishes, air-bodied. 111 

alkyd type, 179 
alumina hydrate in, 155 

—, as an early ink, 40 
—, blown oils, 56 
—, color, 453 
—, defined, 47, 495 
—, discoloration, 54, 90 
—, effect of driers on, 32, 100 
—, from cracked gasoline, 85 
—, from dimethylbutadiene, 87 

Varnishes, from fish oils, 86 
—, from isoprene, 87 
—, from rosjn oils, 73 
—, in drying-oil ink, 213 
—, in gloss finish inks, 412 
—, in indelible ink, 400 
—, in intaglio inks, 338 
—, in metal inks, 362 
—, in newspaper printing, 219 

in offset inks, 371 
—, in planographic inks, 179, 249 

, in quick-drying inks, 226 
—, in transfer ink, 316, 317, 328 
—, in wood-printing inks, 396 
—, light, 111 
—, hvering of, 54, 111 
—, overprint, defined, 369 
—, —, manufacture, 77, 368, 369, 372 
—, plate, 255 
—, pressroom use, 420 
—, printing on, 383 
—, property tests, 457 
—, relation to paints, printing inks and lacquers, 7 
—, relation to press and paper, 198 
—, see also drying oils and individual oils, lin¬ 

seed, tung, oiticica, etc. 
—, skinning of, 54 
—, soybean oil, 79 
—, storage, 55 
—, to prevent offsetting, 430 
—, transparent, to prevent running of transfer 

ink, 320 
—, use during etching rotogravure cylinders, 23 
—, vacuum distillation, 55 
—, viscosity of, effect on ink composition, 199 
Varnish gum, in mimeograph ink, 415 
Varnish oil, acid value of, 125 
—, chrome yellow in, 139 
—, ochre in, 140 
Vaseline, carboluted, in inks for soft paper, 388 
—, modifying agent for lithographic \arnish, 204, 

206 
—, to prevent excess tack, 116 
Vat dyes, defined, 495 
—, pigment properties of, 164 
Vegetable black, in drying oils, 128 
—, manufacture, 174 
—, use, in extrusion of vehicles, 128 
Vegetable matter, in first printing ink, 43 
Vegetable mucus, as a stabilizer, 115 
Vehicles, acetone in, 88 
—, aliphatic alcohols in, 147 
—, as general component of printing inks, 44 
—, asphalts as, 221 
—, castor oil in, 71, 77, 272 
—, cellulose esters in, 77, 78 
—, cellulose ethers m, 77 
—, classified according to drying or non-drying, 31 
—, classified accoiding to origin, 31 
—, cod oil as, 85 
—, control of color and appearance of finished 

ink by, 31 
—, cyclohexanone in, 88 
—, defined, 45, 495 
--, divinylacetylene polymers in, 88 

drying of, by evaporation of solvent, 34 
—, —, processes, 32 
—, drying oils in, 195-216, 225 
—, effect on consistency of ink, 199 
—, emulsified, 115 , 330-350 
—, for cellulose derivatives, 374 
---, for colored pigments, 249 
—, for drying-oil inks, 195-216 
—, for high gloss inks, 67, 88 
—, for intaglio emulsion inks, 337-341 
—, for intaglio inks, 34, 134 , 270-286 , 337-341 
—, for metallic inks, 362 
~, for money and security inks, 408 
—, for newspaper inks, 84, 216-224 
—, for planographic emulsion inks, 346-350 
—, for planographic inks, 84, 222, 240-270 
—, for quick-drying inks, 224-239 
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Vehiclt«, for resins, 374 
—, for typographic emulsion inks, 341-345 
—, for waterproof inks, 400 
—, from acid tar residues, 84 
—, from chlorinated hydrocarbons, 85 
—, from petroleum, 84, 85, 221, 222 
—, from waste rubber, 87 
—, fuel oils in. 223 
—, function of, 197 
—, grinding of, 273 
—, hydrogenated vegetable oil as, 272 
—, in early printing inks, 43 
—, inter facial tension of. 111 
—, natural oil mixtures, 77 
—, nitrocellulose in, 77 
—, non-volatile, for cold color printing, 214 
—, oily residues used, 224 
—, oleo-resinous, 160 

oxidation of, 216 
—, rubber dispersions used in, 88, 343 
—, solubility of pigment in, in early inks, 40 
—, test for pigments in, 458 
—, viscosity of, 45, 444 
—, wetting agents in, 189 
Vellum, dehmtion, 39 
—, methods of manufacture, 39 
—, use in printing, 39 
Venetian pigment properties of, 137 
Venice turpentine, effect on livering, 126 
—, in drying-oil ink, 215 
Vermilion, pigment properties, 135, 136 
—, use of, in inks in Europe, 41 
Vesuvin, in intaglio inks, ^ 
Victoria Blue, in aniline inks, 351 
—, in emulsoid inks. 343 
—, in inks for cellulose ester plastics, 378 
—, in mineral-oil inks, 217 
—, in overprint varnish, 371 
—, in quick-drying inks, 233 
—, m water-soluble transfer ink, 328 
—, lake standard, 466 
—, pigment properties of, 158 
Villiaumite, extender, 149, 151 
Vinylacetylene, driers from, 110 
Vinyl resins, in aniline inks, 355 
—, in fabric-marking inks, 389, 390 
—, in inks for rubber type, 409 
—, in intaglio inks, 281 
—, in metallic inks, 365 
—, in planographic inks, 266 
—, in quick-drying inks, 234 
—, in typographic inks, 348 
Violet compositions, drying, 265 
Violet filters, 308 
Violet lakes, pigment properties, 173 
Violet light, on silver emulsions, 295 
Violet, toner, as suppressor of yellow in linseed 

oil, 212 
Violets, limitations of, 264 
Viscosimeters, typM, 443 
Viscosity, change in, effect on penetration of ink, 

475 
—, defined, 495 
—, effect of binders on, 204 
—, — carbon black on, 469 
—, — chlorinated diphenyls on, 118 
—, — naphtha on, 117 
—, — paraffin wax on, 116, 117 
—, — petrolatum on, 117 

, — rosin on, 73 
—, — Siberian larch resins on, 118 
—, — temperature on, 326, 423, 443, 475 
—, — turpentine on, 117 
—, measurement, 198, 443, 447 
—, of mvure inks, 25^ ^0 
—, of linseed oil varnish, 342 
—, of offset inks, 267 
—, relation to break dowm, 30 

— gelation, 68 
—, — smoothness of printing, 447 
Vitriolic ink, composition of, 41 

V'ulcani/iag agents, in rubber inks, 410 
Vulcanite, ns an emulsifying agent, 333 

Wall effect, factor in viscosity measurements, 
443 

Wall paper, emulsion ink for, 348 
—, printing on, 396 

transfer of design, to cotton from, 313 
—, —, to silk from, 313 
—, —, to wool from, 313 
—, wood panelling effect on, 394 
Walnut oU, properties of, 81 
Washable ink, zinc white in, 388 
Washing out, defined, 495 
Waste rubber, fixing agent, 397 
—, in ink vehicles, 200 
Water, absorption, by paper of, 450 
—, binding agent, 396 
—, blending agent, 224 
—, color intensifier, 117 
—, diluent, in quick-drying process, 238 
—, effect on, livering, i26 

—, offset, 117 
emulsion component, 114 

—, in einbfxssing ink, 398 
—, in emulsion inks, 330, 331, 333, 344, 348 
—, in intaglio inks, 277, 279, 338 
—, in light fast inks, 413 
—, in non-inflammable inks, 420 
—, in quick-drying ink, 234, 400 
—, precipitating agent in quick-drying process, 

238 
—, prevention of ink dissolving in, 434 
—, 111 stencil ink, 415 
—, in transfer printing, 313 
—, in typoCTaphic inks, 342 
—, in vehicles, 280 
—, interfacial tension with organic solvents of, 

332 
—, removal from drying oil, 206 
—, removal of transfer ink by, 329 
—, softening agent for transfer process, 313 
—, solubility of driers in, 101 
—, use in, bleeding test of, 469 
—, —, India ink of, 41 
Water-base inks, classified. 274 
—, composition of, 279, 280 
—, in gravure printing, 271 
—, properties of, 271 
—, tannin in, 279 
Water-benzene emulsion, for ink removal, 483 
Water color effects, in lithography, 259 
Water color inks, composition of, 412 
—, uses of, 411 
"Water-color paint, in stencil ink, 416 
Water-ethylene glycol, safety ink vehicle. 407 
Water-gas oil, quick-drying ink vehicle, 220 
Water-glycerin, safety ink vehicle, 407 
Water-impermeable inks, uses of, 404 
Water-insoluble adhesive, on temporary transfer 

base, 318 
Waterproof inks, vehicle for, 400 
Water repellents, carnauba wax, 248 
—, China wax. 248 
—, spermaceti wax, 248 
Water resistant ink, alkali resistant properties of, 

206 
—, resin in, 206 
—, soap in, 206 
—, wax in, 206 
Water-soluble inks, for gummed labels, 412 
Wave-length, color test oy, 462 
Wax, drying oil ink modifier, 204 
—, effect of resins on melting point of, 323 
—, for electrotype molds, 14 
—, impregnation of temporary transfer base with, 

329 
—, in bleeding teat, 469 
—, in drying accelerators, 127 
—, in drying oil ink, 214 
—f in emulsoid inks, 348 
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Wax, in indelible ink, 321 
—, in intaglio inks, 284 
—, in lithography, 250 
—, in metal inks, 363 
—, in quick-drying ink, 232, 239 
—, in ribbon inks, 416 
—, in transfer printing, 313 
—, in transfer ink, 321f 323 
—, in water resistant ink, 206 
—, in wetting agents, 344 
—, matting agent, 275 
—, mineral-oil ink base, 223 
—, Mon tan, in drying oil ink, 202 
—, sticking preventative, 33 
—, tack inhibitor, 116 
—, paraffin, in fabric inks, 390 
—, reduction of offset with, 204 
—, transfer base treatment with, 314 
—, use in etching mezzotints, 21 
—, use in lithography, 25 
—, use in swclled-gelatin process, 18 
—, wetting agent, 250 
Wax coatings to prevent offset, 229 
Waxed surfaces, printing on, 353, 360 
Weatherill process, for zinc wliite, 151 
Weathering, of transfer ink, 317 
Wenzels law, related to drier activity, 103 
Westphal balance, specific gravity determination, 

442 
Wet, defined, 495 
Wet-colors, production of, 193 
Wettability of pigments, laws relating to, 468 
Wetting action, of free fatty acids in varnishes, 

111 
—, promoted by sulphonated higher alcohols, 112 
Wetting agent, aluminum stearate as, 346 
—, deactylnted chitin in, 344 
—, chondroitin in, 344 
—, formaldehyde in, 344 
—, gum dammar ns, 346 
—, mahogany sulphonates as, 250 
—, monobutylphenyl sodium monosulphntes as, 

341 
—, naphthenic acid salts ns, 113 
—, oleates as, 346 
—, olive oil in, 113 
—, organic esters as, 333 
—, resins as, 344 
—, sandarac in, 113 
—, saponin as, 344 
—, soaps as, 114 
—, sodium aluminum phosphate as. 113 
—, stearin in, 113 
—, sulphuric esters of amides as, 113 
—, triethanolamine as, 113, 407 
—, Turkey-red oil as, 346 
—, waxes in, 344 
—, wool fat as, 346 
—, Yorkshire grease as, 346 
Wetting agents, defined, 495 
—, dispersion aids, 191 
—, effect on intcrfacial tension, 331 
—, for carbon black, 112 
—, for ink pigments, 333 
—, in emulsion inks, 331 
—, in lithographic inks, 250 
—, in oil media, 190 
—, in preparing emulsion inks. 330, 343 
—, in typographic emulsion inks, 341 
—, oils used in, 344 
—, precipitation by mineral salts of, 115 
—, protective agents for, 335 
—, purpose of, 189 
—, quantities cmployoil, 334 
—, use in drying oil ink, 210 
Wetting of pigments, factors involved, 146, 210, 

468 
Whale oil, in ribbon inks, 416 
“, see o/so train oil. 
Whale wax, in typographic inks, 342 
Wheat, ink thickener, 866 
Wheat flour, in emulsion inks, 336 

White, pigment color, 145 
—, in silicate mills, 273 
White colors, effect of thinners on, 259 
White ink, yellowing when driers are present of, 

106 
White lead, detection of, 470 
—in preparation of orange mineral, 137 
—, preparation of, 150 
—, use as pigment, 31 
—, x-ray effect on, 465 
White paper, standard. 485 
White pigments, discoloration of, 126 
—, in size for antique paper, 360 
White spirit, defined, 495 
—, in linseed oil varnish substitute, 87 
—, in pantome printing, 255 
—, in quick-drying ink, 226 
—, see also petroleum ether 
White starch, in frosting ink, 410 
White wax, in coating compositions, 396 
Whiting, preparation of, 154 
Wijs' method for iodine number, 45 
Winded, defined, 496 
Wine, in manufacture of ink, 42 
Wintering, defined, 86 
Winterized oil, defined, 86, 495 
Witherite, in barium sulphate manufacture, 155 
Wood, distilled, use of tar from, 207 
—, fibers, paper from, 432 
—, tar oils from, 220 
—, transfer ink for printing on, 315 
—, transfer printing on, 320 
Woodbury photointaglio process, 291 
Woodbury relief, defined, 291 
Woodcuts, advantages of, 15 
“, defined, 495 
—, method of making, 15 
—, method of using, 10 
—, use in commercial publications, 15 
Wooden blocks, for cloth printing, 10 
—, for relief printing, 9 
Wooden inking pads, ink for, 414 
Wooden plates, in lithography, 252 
Wood grain effects, process for, 267 
W^ood grain inks, composition of, 394 
Wood pulp, precipitation of lakes on, 158 
Wood rosin, use as ink vehicle, 73 
Wood veneer, transfer ink for, 316 
Wool, transfer ink for, 324 
—, transfer printing on, 313, 320 
W^ool fat, in emulsion inks, 347 
—, in lithographic chille<l press work, 258 
—, in overprint inks, 117 
—, tack inhibitor, 116 
—, wetting agent, 346 
Wool grease^ in drjing oil ink, 202 
—, in emulsion inks, 344 
—, in offset inks, 267 
—, wetting agents, 341 
Work of adhesion, defined, 188 
Work of immersion, defined, 188 
Wrappers, inks for, 390 
—. typographic printing of, 195 
Wrinlding, cause in tung oil of, 66 
—, defined, 495 
—, in presence of excess driers in ink, 107 
—, prevention of, 66, 68 

Xanthencs, pigment properties, 161 
X-ray studies, of pigments, 166, 463 
Xylene, effect on rubber, 421 
—, for cleaning t>T)o, 420 
—, in aniline inks, 353 
—, in intaglio emulsoid inks, 337, 338 
—, in intaglio inks, 270, 271, 275, 282, 281 
—, in invisible ink, 399 
—, in leather-printing inks, 395 
—, in linoleum lacrjuer, 393 
—, in non-conducting inks, 410 
—, in planographic emulsion inks, 346, 347, 348 
—, in planographic inks, 255 
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Xylene, in quick-drying inks, 226, 231, 232 
, in sympathetic inks, 404 

—, moisture determinant, 460 
—, solvent for urea resins, 132 
—, toxicity, 434, 436 
Xylene Fast Blue BL, in light-fast inks, 413 
Xylenol, in typographic emulsion inks, 341, 343 
Xylidine, effect on oxidation, 123 
Xylography, defined, 403 
—, development of, 10 
Xylol, see xylene 

/ellowing of ink, caused by raw linseed oil, 197 
—, of resin inks containing driers, 106 
—, of white inks when lead driers and sulphur 

containing pigments are used, 106 
Yellow pigments, 1^, 140, 170, 264 
Yorkshire grease, in planographic emulsion inks, 

346, 348 

2[apon lac, in composition to prevent running 
of transfer ink, 320 

Zeiss-Pulfrich step-photometer, 452 
Zinc, catalyst for dehydration, 71, 83 
—, effect on wrinklii^, skinning and picking, 107 
—, etchings, aniline inks for, 358 
—, in treatment of sulphite liquors, 344 
—, pigment, 408 
—, —, size, 463 
—, plates, 252 
—, —, coating of, 254 
—, —, for rotary press, 27 
—, —, gum arabio on, 244 
—, —, lithography. 240 
—, —, offset printing, 261 
~, —, pr^aration, 26 , 301 
—, —, relief process, 294 
—, powder, in fluorescent paints, 402 
—, printing blocks, 382 
—, relation to surface tension, 107 
—, stone substitute, 298 
—, use as drier component, 104 
Zinc ammonium phosphate, in lithography, 246 
Zinc arabinate, in lithography, 243 
Zinc borate, in pseudo-engraving, 371 
Zinc carbonate, basic, in lithography, 243 
Zinc chloride, in safety inks, 407 
—, in transfer ink, 327 

Zinc chromate, pigment properties, 139 
Zinc hydroxide, in quick-diying inks, 226 
—, in typographic emulsion inks, 341 
Zinc naphthenates, as dispersing agents, 112, 113, 

147 
Zincography, 298, 300 
Zinc oleate, as wetting agent, 112, 116, 147, 333 
—, formation from inks, 244 
Zinc oxide, dispersion of, 191 
—, effect on li^t-fastness, 432 
—, effect on offsetting, 117 
—, for measurement of tinctorial strength, 459 
—, in fabric-marking inks, 389 
—, in inks for glass, 379 
—, in offset blai^ets, 439 
—, in planographic inks, 243 
—, in quick-drying inks, 226, 230, 233 
—, in temporary transfer base, 317 
—. in treatment of wood as permanent transfer 

base, 320 
—, oil absorption, 468 
—, pigment properties of, 139 
—, reduction of driers by, 106 
—, tinting strength, 146 
—, wetting, 468 
Zinc palmitate, in printing inks, 116, 333 
Zinc phosphates, from etches, 243, 246 
Zinc salts, in amalgam inks, 411 
—, in overprint varnishes, 128 
Zinc soaps, in overprint varnishes, 128 
—, in water-in-oil emulsions. 332 
Zinc stearates, in printing inks^ 116, 333 
Zinc sulphate, for treating drying oil, 206 
—, m preparation of lithopone, 148 
Zinc sulphide, dispersion of, 191 
—, fluorescent properties of, 401 
—, pigment properties, 148 
—, tinting strength, 146 
Zinc tannate, in transfer ink, 328 
Zinc white, effect on linseed oil, 419 
—, in fabric-marking ink, 388 
—, in inks for currency, 408 
—, in lithographic inks, 247, 249, 251 
—pigment properties, 151 
Zinc yellow, in inks for currency, 408 
—, properties, 139, 170 
Zirconium, drying properties, 104 
—, use as anti-chalking agent, 104 
—, use in pottery glazes, 104 
Zirconium halides, dispersing agents, 147 








