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PREFACE TO THE FIFTH EDITION

The fifth edition of Metallurgical Analysis has been made
necessary by the rapid development of control and testing
methods in the industrial, and especially the metallurgical,
world in the past seven years. The author has been actively
engaged during this period in metallurgical testing both as a
teacher and as a consulting metallurgist and has been forced to
recognize the desirability of a complete revision.

In this revision the old material has been largely rewritten.
The chapters on coal calorimetry, gas calorimetry, fire assaying
and electrometric titration are entirely new. The chapters on
water analysis, analysis of alloy steels and gas analysis have
been almost entirely rewritten. Nearly all of the methods
described in these and other chapters have been used many
times in the author’s private laboratory by experienced analysts
and in the student laboratories as well. The author feels, there-
fore, a good deal of confidence in the practical usefulness of this
new edition.

The scope of these methods has been enlarged to include
insofar as possible all of the chemical analyses which the metal-
lurgical chemist is likely to require except those of paint. The
earlier editions of this book have been widely used in the works’
laboratories and in college metallurgical laboratories where a
bulky text is not altogether desirable. For this reason explana-
tory matter concerning the fundamental principles of analytical
chemistry, use and care of balances, calibration of instruments
and the principles and methods of stoichiometry is not included
in the text. A statement of a few of the fundamental principles
is, however, given on page xii for convenience reference.

The author wishes to express his appreciation of the help
received from his brother, F. M. Demorest, through whose
careful and accurate analytical work so many of the methods
described in this book have been tested.

D. J. DEMOREST.
June, 1924.
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PREFACE TO THE FIRST EDITION

These notes were written for the use of the writer’s students
in the metallurgical laboratory of the Ohio State University.

The object was to give in a condensed form the series of se-
lected methods in metallurgical analysis which made up the
course of study.

To the descriptions of the processes, such explanations have
been added as experience has shown to be desirable for the assis-
tance of the student in understanding the conditions necessary
for accurate results.

Such methods only are given as have been tested by repeated
use in the laboratory and found satisfactory.

No attempt is made to describe general reagents or apparatus,
as students prepared to take this course are always familiar with
all ordinary laboratory equipment, and for special forms of
apparatus reference is made to easily accessible books and papers.

The writer wishes to acknowledge his obligation to Blair,
Troilius and other standard writers, as well as to numerous
papers in the various technical and scientific journals, though it
has been impossible to give credit in detail to all the sources
from which material was taken in compiling these notes.

The references added are only those which it seemed important
the student should consult for fuller information on the subject.

N. W. Lorbp.
October 28, 1893.






INTRODUCTION

Before beginning the course in special analysis given in these
notes, the student is supposed to be familiar with the ordinary
qualitative reactions of the acids and bases, the preparation of
reagents, and so much of the general methods of quantitative
analysis as includes the use of the balance and weights, the
ordinary operations of filtration, washing, drying, igniting, and
weighing of precipitates, the evaporation of solutions, and also
the use and calibration of graduated glassware.

A careful study of the first two sections of Fresenius’s * System
of Quantitative Analysis,” the first 40 pages of Treadwell-Hall’s
‘“Analytical Chemistry,” Vol. 2, the first two chapters of “A
Treatise on Quantitative Inorganic Analysis,” by Mellor, and
especially Foulk’s “Quantitative Analysis,” Part 1, is advisable
in regard to all these points of manipulation.

In addition to the above a few general precautions and explana-
tions are necessary and should never be overlooked.

In adding reagents to produce any given effect it is important
that the right amount be used. To determine what this will be
demands a thorough knowledge of what is to take place. In the
descriptions of the various processes these amounts are approxi-
mately indicated, but it is impossible to provide in this way for all
contingencies. Therefore, if the amount of reagent directed fails
to do the work it must be increased or diminished as may appear
necessary. Thus in every case where a precipitate is formed, it
is essential that the filtrate be tested by a further addition of the
reagent to make sure that the precipitation is complete. This is
best done by adding the reagent to a small portion of the liquid
in a test-tube, and if a precipitate forms, returning this to the
main volume; often a little of the clear liquid over the precipitate
can be tested in this way before filtration.

The purity of the reagents, even if marked “c.p.,”” should
always be tested. In many cases it is necessary to run a “blank”
determination by going through the process with the reagents

ix



X INTRODUCTION

alone, leaving out the substance to be tested. The amount of
any impurity which would affect the result can be thus deter-
mined and allowed for.

A process should be tested by repeated determinations made
on different amounts of the substance. Agreement of the results
in this case is a better indication of accuracy than if the same
amounts are taken in each determination. Also each process
must be tested on material of known composition, such as the
Government standards. Every laboratory should have these
standards. This cannot be too strongly insisted upon.

The amounts of material prescribed in the descriptions of the
processes are those most generally used. They may be changed
provided the amounts of the reagents be varied to correspond.

In many of the processes the calculations may be greatly sim-
plified by taking ‘‘factor weights” of the material instead of
even grams. This consists in weighing out an amount of the sub-
stance equal to the fraction that the material to be determined
forms of the precipitate weighed. When this is done the weight
of the precipitate in grams multiplied by 100 will give directly
the percentage sought. If the factor weight is inconveniently
large or small some simple multiple of it can be taken and the
result estimated accordingly.

For example: 1 gram of BaSO4 contains 0.137 gram S, and if
ten times this factor (1.37 grams) of any substance is taken for the
determination of sulfur, each milligram of BaSO, obtained rep-
resents 0.01 per cent of sulfur. A table of convenient factors of
this kind is added at the end of this book and the weights there
given may be used, when desirable, in place of those directed
in the processes.

A similar method is often used in weighing out material for
volumetric determinations when a standard solution is used of
which the value of 1 c.c. is determined experimentally and is not
an aliquot part of a gram. For illustration see directions for the
volumetric determination of lime, page 25.

Every chemist should have a good microscope in his laboratory
and use it frequently, especially when unusual or strange material
is sent to him for analysis. This will be a great help in showing
him the nature of the material and will prevent him from wasting
time on useless determinations and from omitting those that
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ought to be made. The microscope should have the proper
attachment for studying material under polarized light. For
metal examination the microscope should have provision for
illuminating the object with vertical illumination.

The methods of analysis given in this book are of as universal
application as possible. When a large number of determinations
of a certain kind are made in a laboratory, the details of manipu-
lation can be arranged so as to save much time and expense.
For an exhaustive discussion of this subject see RIDSDALE,
‘““Mechanicalizing Analysis as an Aid to Accuracy and Speed for
Commercial Purposes,” J. Iron Steel Inst. (1911), no. 1, pp. 332-
375, and Proc. Cleveland Inst. of Eng. (1911-1912), no. 4, p. 149.

The acids and ammonium hydroxide solution used in this book
are, unless otherwise stated, of the following specific gravities:

Hydrochloric acid 1.19
Nitric acid 1.42
Sulfuric acid 1.84
Ammonium hydroxide 0.90

The analyst must always take care to assure the accuracy of
his balances, weights, burettes and all measuring apparatus by
calibrating them carefully, checking his work by using U. 8.
Bureau of Standards certificates.

It is impossible in a text of this size to state and explain satis-
factorily the fundamental principles of analytical chemistry and
to illustrate them with examples and problems. It is expected
that the teacher using this text will amplify the notes given with
each analytical procedure by pointing out the application of the
laws of physics and chemistry to the process under discussion.
It is quite essential that students be required to work and hand
in, in neat and satisfactory form, a large number of problems in
which the quantitative relationships of each analytical process
are involved. In this way only can an active appreciation of
quantitative chemistry be obtained. It has been thought that
the inclusion of a large number of problems in the text would
add too much to the size of the volume. At any rate, a teacher
who is qualified to handle metallurgical analysis would also be
quite capable of easily devising an ample number of problems
for his students.



xii INTRODUCTION

A good many years of experience, both as a practising metal-
lurgical chemist in private and metallurgical plants and as a
teacher of Metallurgy, including metallurgical analysis, has given
the writer a pretty fair knowledge of the needs of the metallurgical
student and the metallurgical chemist in a works laboratory.
The writer knows how easy it is for both the student in metallur-
gical engineering and the metallurgical chemist to forget the
fundamentals which he has previously learned. Hence, a few of
the fundamental laws are briefly given below so that the student
can easily refer to them when the teacher is explaining the
principles involved in the processes of analysis given in the book
and so that the works chemist can refresh his memory when
necessary.

Boyle’s Law for Gases.—At a constant temperature the volume
of a given quantity of any gas varies inversely as the pressure to
which the gas is subjected. This idea is expressed in the follow-
ing formulas:

PV = a constant, or P = ‘1; orV = 71, P, or PV = P,V

Dalton’s Law of Partial Pressures.—The pressure exerted by a
mixture of gases is equal to the sum of the separate pressures
which each gas would exert if it alone occupied the whole vol-
ume. This fact is expressed in the following formula:

PV = V(p:1 + p2 + ps, ete.)

Faraday’s Law.—The amounts of decomposition effected by
the passage of equal quantities of electricity through electrolytes
are, for the same electrolyte, equal, and for different electrolytes
are proportional to the combining weights of the elements or
radicals which are deposited.

Gay-Lussac’s Law for Gases (or Charles’ Law).—At a constant
pressure, the volume of a given quantity of any gas increases
about 1473 of its volume at 0°C. for each rise of 1°C., and at con-
stant volume the pressure of a given quantity of any gas increases
about 1473 of the pressure at 0°C. for each rise of 1°C. in temper-
ature. The volume of a gas is proportional to its absolute
temperature.

Hess’s Law of Constant Heat Summation.—The amount of
heat generated by a chemical reaction is the same whether reac-
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tion takes place in one step or in several steps, or all chemical
reactions which start with the same original substances liberate
the same amounts of heat, irrespective of the process by whlch
the final state is reached.

Henry’s Law.—The amount of gas which a liquid will dissolve
is directly proportional to the pressure of the gas. This holds
for all gases which do not unite chemically with the solvent.

The Law of Mass Action.—At a constant temperature the prod-
uct of the active masses on one side of a chemical equation when
divided by the product of the active masses on the other side of
the chemical equation is a constant, regardless of the amounts
of each substance present at the beginning of the action. The
law of mass action can be expressed in the following form:
miAy + meds + msds + . . . = B + nB; +

nng + Coe ey

then equilibrium will exist when the concentration ai, a:, as

. by, be, b3, . . . of the reacting substances have acquired

certain values. These values are given by the following
equation:

my ma ms, , .

a, "Qq ""ag
by by by - -

The Periodic Law.—The physical and chemical properties of
the elements are functions of their atomic weights, and the
most of these properties are periodic functions of the atomic
weights.

The Phase Rule of Gibbs.—A system consisting of C compo-
nents can exist in C + 2 phases only when the temperature,
pressure and concentration have fixed and definite values; if
there are C' components in C 4+ 1 phases, equilibrium can exist
while one of the factors varies, and if there are only C phases,
two of the varying factors may be arbitrarily fixed. This rule
may be very concisely and conveniently summarized in the form
of the equation:

P+F=C+2o0orF=C+2=P
where P denotes the number of phases, F' the degrees of freedom
and C the number of components.

The Electrolytic Dissociation or Ionization Theory.—When
an acid, base or salt is dissolved in water or any other dissociating

= k.
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solvent, a part or all of the molecules of the dissolved substances
are broken up into parts called ions, some of which are charged
with positive electricity and are called cations, and an equivalent
number of which are charged with negative electricity and are
called anions.

Electrolytic Solution Tension Theory (or the Helmholtz Double
Layer Theory).—When a metal, or any other substance capable of
existing in solution as ion, is placed in water or any other disso-
ciating solvent, a part of the metal or other substance passes into
solution in the form of ions, thus leaving the remainder of the
metal or substance charged with an equivalent amount of elec-
tricity of opposite sign from that carried by the ions. This
establishes a difference in potential between the metal and the
solvent in which it is immersed.

The Theorem of Le Chatelier.—If a system in equilibrium is
subjected to a constraint by which the equilibrium is shifted, a
reaction takes place which opposes the ‘constraint, 7.e., one by
which its effect is partially annulled.
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METALLURGICAL ANALYSIS

CHAPTER 1

THE SELECTION AND PREPARATION OF SAMPLES FOR
ANALYSIS

General Principles.—The object sought by the technical ana-
lyst is to ascertain the average composition of some particular
lot of material—for example, a carload of ore, an ingot of metal
or a bin full of coal. ’

The amount of material treated in the laboratory is of neces-
sity limited to a few grams. The preparation of this small por-
tion so that its analysis shall correctly represent the composition
of the mass from which it is taken constitutes the operation of
“sampling.”

The general mode of procedure is to take from the mass in
question several portions selected from different points, and con-
taining coarse and fine material in as nearly as possible the same
proportion as they exist in the mass as a whole. This large
sample which may weigh from a fraction of a pound to a ton,
according to the amount of material the chemist has to examine,
as well as to the extent of variation permissible in the results, is
then crushed to 14 in. or smaller, thoroughly mixed and sub-
divided by ‘“quartering,” until a sample of about 10 lb. is ob-
tained. This is pulverized and all put through a 6-mesh sieve,
well mixed and again subdivided, till a sample of 100 to 300
grams is obtained, which is put through an 80- to 100-mesh
sieve and bottled for use.

The operation of ‘‘quartering’ is conducted as follows: The
material after being well mixed by shoveling is formed into a
pile which is then flattened out by a spiral motion of the shovel.
This pile is then divided into four quarters by cutting across at
right angles.

1
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Two diagonally opposite quarters are selected and the inter-
mediate ones removed. Care should be taken to brush away
carefully all the material of the rejected quarters. The two re-
maining ones are then mixed together and the operation repeated
until a sufficient reduction in bulk is made. .

However, if the apparatus is available, it is best to perform
the quartering mechanically by a riffle sampler or an apparatus
like the Foster-Coolidge automatic sampling machine, especially
if many large samples are to be handled. These automatic
samplers are more accurate than the hand quartering and much
more rapid.

The errors in sampling may be many times larger than those of
the chemical analysis, and it is necessary for the chemist to super-
vise strictly the sampling of the materials which he is to analyze.
‘Otherwise the value of his work may be greatly reduced because
of the sample being non-representative of the material it is sup-
posed to represent.

The errors in sampling may be due to faulty methods of taking
the sample as, for instance, taking one or several lumps of ore or
coal from a carload when the carload is composed of materials of
different composition. Further, it may be very difficult to secure
a correct sample because of the heterogeneous composition of the
material and the irregular distribution of the different materials
of the shipment. Thus, coal is contaminated with slate and
pyrite which may be very unevenly distributed. In the sampling
of metals the great sources of error are due to segregation of the
components of the metal and contamination of the sample with
metal and oil from the drill.

In sampling minerals, as coal and iron ore, it is necessary for
the sampler to keep in mind the importance of the ‘‘size weight”’
ratio. That is, it is necessary to maintain the sample at all times
so large that the loss or gain of a lump as large as the largest
lump in the sample and of whatever composition would not
affect the accuracy of the sample noticeably. Further, it is neces-
sary that, in quartering the sample, the sample be kept crushed so
fine that the gain or loss of the largest lump present, of whatever
composition, will not noticeably affect the sample. In other
words, it is necessary that the sampler be a man of intelligence
and that he use his intelligence in sampling.



SAMPLES FOR ANALYSIS 3

Many variations from the general procedure will be necessary
with different materials. The following general principles may
be stated as a guide:

1. As to the size of the original large sample. This must be
greater as the material is less homogeneous and as the importance
of the exact determination of any ingredient increases. Thus,
a limestone can easily be sampled; but a gold or silver ore con-
sisting of small, detached fragments of a very valuable material
in a valueless rock may require the fine crushing of the whole mass
of ore and its careful mixing and subdivision, to secure an
‘““average assay.”

2. Materials of decidedly different specific gravities require
great care to prevent separation into layers during mixing.
(Quartering constitutes a fair safeguard against this source of
error.)

3. When the ore is sifted, every particle must go through the
sieve. The harder parts, which are left unbroken till the last, are
often of different composition from the softer and first pulverized
portions, and if rejected would cause serious error.

4. Certain ores and slags contain particles of metal which can-
not be pulverized. In this case the grains of metal not passing
through the sieve must be collected and weighed. The portion
passing through the sieve is also weighed. The metal and the
siftings are then analyzed separately, and the two analyses com-
bined in the ratio of the relative weights.

Sampling of Metals.—The sampling of metals presents many
difficulties. Melted metals can be sampled during pouring by
taking a little at the beginning, middle and end of the cast, and
averaging the three analyses.

In general it may be stated:

1. Cast ingots are not homogeneous. Drillings from different
portions will show different analyses. Hence, drillings from a
number of points must be well mixed. A single “pig’’ of cast
iron may vary largely in composition from top to bottom.

2. In tapping a mass of metal from a furnace, different por-
tions of the “run’’ will show differences in composition. Thus,
a “bed” of pig iron will show wide variations in silicon and sulfur
between the top and bottom of the cast.
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3. In some metals the operation of drilling will result in a
separation; for example, in drilling pig iron, the fine portion will
be of different composition from the coarse; hence, careful mix-
ing of the drillings is necessary.

WEIGHING OUT FROM THE LABORATORY SAMPLE

In this operation the tendency of materials of different specific
gravity to separate must never be lost sight of. The substance
should be carefully mixed upon a sheet of glazed paper and small
portions taken from different parts.

A second source of error is the separation of coarse and fine, as
in metal drillings. Great care is necessary to avoid serious
difficulty here. The drillings may be moistened with alcohol to
make them adherent, and then small portions may be separated,
to be subsequently accurately weighed when dry (SHIMER).

Dirty pig-iron samples are frequently sent to the chemist, the
drillings being contaminated by sand, wood, grease, etc. These
may be cleaned from sand with a magnet and from grease by
washing with ether, but the analytical results on such samples
should never be regarded as entirely satisfactory.

EsTIMATION OF MOISTURE

Many materials (ores, clays, limestones, etc.) as sampled in
bulk are often too damp to pulverize. Such samples must be
dried on a steam bath or by other means, and the loss of weight
determined. The weighing can be done on a portion of the
crushed and mixed material which, after drying, is added to the
rest of the air-dry sample. It is also always well to determine
moisture in the final sample, and allow for it if present. The
temperature for drying must not much exceed 100°C., or water
of composition may be expelled.

The analysis may be stated on the ‘“dry basis,” but should
also be calculated on the basis of the wet material.

For example, a cargo of iron ore was sampled in the vessel
while unloading, as follows: After the bottom of the boat was
reached, portions of the ore were taken every 18 in. from the
top to the bottom of the sloping sides of the ore exposed in the



SAMPLES FOR ANALYSIS 5

hold, including lump and fine in the proportions they formed at
each point. This was repeated when the vessel was about half
unloaded. The total amount taken was 200 lb. This was
broken up as fine as beans, well mixed by shoveling and divided
by quartering until a portion of 10 lb. was obtained, all being
done rapidly to avoid loss of moisture.

Weight........ ... ... i 9,254 grams
After drying in a pan on a steam boiler, weight.. 8,649 grams

Loss. ..o 605 grams

This was then pulverized and mixed, and a portion of 100 grams
taken for the laboratory. This assayed—

...................................... 58.4 per cent

Then 9,254:8,649 = 58.4:54.6 = the per cent of iron in the ore
in its original condition. -

It may be noted, first, that many ores will absorb water during
the pulverization (the amount of water so absorbed will vary
with the weather); second, complete drying of a large sample is
very difficult; third, ordinary corked bottles are not moisture-
proof, and samples left in such will change in the course of time,
if they are hygroscopic.

In the case of coal, especially the “dry” or non-coking coals
and lignites, sampling so as to preserve the moisture in the mate-
rial unaltered presents many difficulties. Such coals, when pul-
verized, rapidly lose moisture in dry air at ordinary temperatures,
and if then exposed to moist air, partially regain it.

The original sample should be rapidly crushed and quartered
down, avoiding all unnecessary exposure to air. The final sample
can be preserved in rubber-sealed ‘‘fruit jars.”

In preparing the small fine sample for analysis, speed and
covered sieves are necessary. The pulverized material must be
kept in bottles with rubber stoppers.

Wet samples, such as coal from a ‘“‘washer,” may be air dried
at room temperatures until they can be pulverized, but will not
then show, as a rule, the same moisture as the original coal before
wetting; hence, if this coal is to be compared with the coal before
washing, that should be similarly air dried.
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Where much work is done, special ovens for drying samples
are of great assistance.

A wooden or cement floor is desirable for quartering large
samples, but rubber or oilcloth spread out on the ground can be
used.

It should never be forgotten that in grinding hard material
with metallic apparatus more or less of the metal will go into the
product. Thus, a sample of blast-furnace slag ground in an iron
mortar would show more iron than was actually in the slag; there-
fore, for the accurate determination of a small amount of iron
in such a material, a special sample crushed in agate should be
prepared.

Sampling Coal.—In sampling coal as it is unloaded from a car
or boat small portions should be taken at regular intervals during
unloading. The total amount will vary according to the nature
of the coal. Of fine slack, about 200 lb. from a car will be suffi-
cient, while if the coal is lump, 500 or 1,000 Ib. will be necessary.
If a number of cars are to be sampled and the analysis of the
mixed samples is to be made, a much smaller amount may be
taken from each car.

The entire sample should be spread out on a floor and the larger
pieces broken with a hammer, unless a power crusher is handy
when the entire lot is put through the crusher. The crushed
sample is then well mixed and quartered by hand or by a sampling
machine and the crushing and dividing repeated until a sample
small enough to send to the chemical laboratory is obtained. If
the sample has been crushed as small as 14 in., the amount sent
to the laboratory need not be larger than 5 1b.

The laboratory sample when received is weighed and thor-
oughly air dried by exposing in a warm room for about 36 hours
or by drying in a drier heated about 10° above the room tem-
perature and with a rapid circulation of air. The sample is then
weighed, and the drying continued a half day if mere air drying is
done, or two hours if the drier is used. The sample is weighed
again and, if a loss of not more than 0.2 per cent is found, the
drying has been sufficient. The air-drying loss is then calculated
in per cent.

The dried sample is then crushed to about 8 mesh and quar-
tered to a pound. It is again crushed to 10 mesh and quartered
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to 14 Ib., and this is then ground on a bucking board or, better,
in a ball mill until it will go through a 60-mesh sieve. A 2-oz.
sample is then put in a rubber-stoppered sample bottle and it is
ready for analysis.

The entire sampling, both before and after air drying, must be
done as quickly as possible to prevent loss or gain of moisture
during thesampling. Thesampleshould not be ground finer than
60 mesh, as it then takes up oxygen rapidly. A coarse sample
which has been well air dried may lose as much as a per cent of
moisture on being exposed to the air a few minutes after fine grind-
ing. The fine sample must be analyzed promptly, even if well
stoppered, as it alters rapidly by oxidation and moisture changes.

If the large sample of several hundred pounds first taken is wet
or damp it should be weighed and spread out on a floor until dry
and weighed again before any quartering is done.

Channel Sampling a Seam of Coal.—The details of taking and
preparing an average channel sample are as follows: The vertical
face of the coal is thoroughly cleaned, if necessary, and the pro-
posed sample is marked out by drawing two parallel vertical lines,
spaced 6 in. apart, from the top to the bottom of the coal measure
to be mined. A strong canvas cloth is placed beneath the area
thus marked off, and spread upon the mine floor to receive the
sample, which is procured with a pick by cutting the coal, start-
ing preferably at the bottom, from between the two parallel
lines to a uniform depth of 2 in. The canvas is now doubled
over the sample thus collected, and all the larger lumps broken
by blows from the side of the pick. The sample is then prefer-
ably transferred to a steel or iron plate for the crushing and
quartering operations. Before the first quartering, the entire
sample is reduced to pass a 14-in. screen, after which the two
quarters retained are further reduced to pass a l4-in. screen.
The second half retained may now be quartered down to ap-
proximately 10 lb. without any further crushing. This 10-lb.
sample is either crushed to pass a 10-mesh sieve before further
quartering can be done, or it is sent to the laboratory for the final
preparation, which is carried out as described later under the
heading ‘‘Laboratory Preparation of Samples.”

In order to locate troublesome impurities, it is advantageous
to remove the channel sample in sections. In this case the



8 METALLURGICAL ANALYSIS

sections are measured, their lengths recorded and the sample
from each section of the whole channel iskept separate and treated
as described for the average channel sample. Since each section
makes up a definite part of the whole channel, the average com-
position of the entire channel sample can readily be calculated
after the individual sections have been analyzed.

As the composition of the coal mined from a bed is liable to
change suddenly, the frequency with which channel samples are
taken is important. If the purpose for which the coal is being
mined requires accurate prior knowledge as to its average compo-
sition, not fewer than three channel samples should be taken
in well-developed workings for every 100 wagons of output.

Sampling Iron Ores.—The principles are the same as for coal.
It is always best to sample the lot as it is being loaded or unloaded,
since the material on top may be of different composition from
that underneath. At stated intervals of time a shovelful is taken.
Or after the ore has been partially removed from the boat or car,
leaving cone-shaped depressions, the samples are taken from the
faces of these depressions. Thus, after a grab has removed as
much ore as possible from a hatch, the sampler goes to the face of
the cone and, starting from the bottom, he takes trowel samples
at stated intervals in a straight line up one side of the cone.
This he repeats in four different directions, starting each time
from the bottom of the cone. The entire sample from a boat
may weigh 1,000 Ib.

In sampling cars sometimes a rope net is spread over the car
and a sample of several ounces is taken from underneath each
knot of the net, of which knots the net will have about 36. The
same thing can be done without the net. The ore should not be
taken from the surface, but from far enough underneath to get
beyond the reach of surface wetting or evaporation. But it is
always best to get the sample from the car while unloading so as
to get samples all through the mass of ore.

The sample is weighed, if wet, and dried, if not too large, on a
steam pan or in a drying oven at 100° and weighed again. This
gives the drying loss. It is then crushed to 14-in. size or smaller
and divided, crushed smaller and again divided, until the sample
weighs about 5 lb. and is about }4-in. mesh size. This is dried
at*100°C. to constant weight, and the loss in weight calculated
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in per cent. The sample is quartered to about a pound and then
ground to 100 mesh ir a disc pulverizer having manganese steel
discs, or in a ball mill, or on a manganese steel bucking board.
The sample is then mixed well and quartered in a small riffle
sampler to about 100 grams and bottled in a rubber-stoppered
bottle.

If the original sample is wet and too large to be dried conven-
iently, 100 1lb. are accurately weighed and dried at 100°C. for
18 hours and weighed again, and the dry ore added to the rest
of the sample, which is then treated as above directed. If 1001b.
is too large for the drier, 25 1b. may be taken.

REFERENCES ON IRON ORE SAMPLING:

WiLEY, ‘“Methods used at Illinois Steel Co.,” J. Ind. Eng. Chem., 8,
103.

J. Anal. App. Chem., 5, 299.

GLENN, Trans. Am. Inst. Min. Eng., 20, 155.

Lanpis, Trans. Am. Inst. Min. Eng., 20, 611.

Kippig, ‘““Causes of Errors,” Eng. Mining J., 88, 824.

U. S. Steel Corporation, ‘“Methods for the Commercial Sampling
and Analysis of Iron Ores.”

REFERENCES ON CoAL SAMPLING:
SoMERMEIER, ‘‘Coal,” pp. 57-79.
BAILEY, J. Ind. Eng. Chem., 1, 161.
U. 8. Steel Corporation, “Sampling and Analysis of Coal, Coke and
By-products.’:

Sampling of Pig Iron.—When the iron is run out of the furnace,
a spoonful is taken several times during the cast, at least once at
the beginning, once at the middle of the cast and once near the
end. If the iron isrun into ladles, it is well to take spoonful from
the middle of each ladleful. The spoonfuls of metal are poured
into cast-iron molds about 10X4X3 in. outside dimensions
and with inside dimensions of about 6X134X1l4 in. deep,
with a projection in the center so that the ingot will have a notch
in order that it may be easily broken to observe the fracture.
The ingot should be drilled deeply in at least two places to get
drillings for analysis. The drillings from all the ingot samples
from a cast are mixed for analysis.

The drill must be worked dry (without oil) and care should be.,
taken to reject the outer ‘“‘skin” of the ingot or bar, whick ™
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usually contaminated with matter not properly belonging in the
analysis. Cast iron is frequently sampled by pouring a little of
the molten metal into water. This makes the iron white and
very brittle. These so-called ‘‘shot samples’’ and similar brittle
material, as ‘“‘spiegel iron’’ and “‘wash metal,”’ which are too hard
to drill, must be broken into small fragments with a sledge ham-
mer and several pieces pulverized in a steel mortar. A very
efficient mortar for this purpose can be made by boring a hole
2 in. deep and 1 in. in diameter into a block of tool steel about 3
in. square and 4 in. high. Fit this with a steel “rammer’’ cut
from a round bar and about 3 in. longer than the hole. It must
be only slightly smaller than the hole in the block. Both block
and rammer must be well hardened. By dropping a fragment of
metal into the hole, inserting the rammer and pounding it vigor-
ously with a heavy hammer, the hardest material is soon reduced
to a fine sand.

In sampling all metal ingots and billets it must be remembered
that the metal will vary in composition from place to place be-
cause of segregation, and so must be drilled in several places and
if possible clear through.

REFERENCES ON SAMPLING METALS:

SuiMER, Trans. Inst. Min. Eng., 14, 760.
KELLER, “Copper Bar Sampling,” Eng. Mining J., 98, 703.

U. 8. Steel Corporation, ‘“Methods used by the Chemxsts of—for
Sampling and Analysis of Pig Iron.”

Sampling Equipment.—The following or similar equipment is
necessary in any laboratory which does a large amount of work:

1. A drill press, preferably a power drill press.

2. A swing hammer pulverizer equipped with a chute for
mechanically dividing the samples. The Jeffrey ‘“baby pulver-
izer,” made by the Jeffrey Manufacturing Company of Colum-
bus, Ohio, has a capacity of 1,000 lb. of coal per hour reduced to
34{in. Itusesabout7hp.

3. A hand or power jaw crusher is especially useful for crush-
ing hard rock, but is also satisfactory for coal crushing to about
14 in. The “Chipmunk” crusher, made by the Braun Corpora-
tion of Los Angeles, will crush 200 1b. per hour to }4-in. size in the

« small crusher and 1,000 lb. per hour in the large size. About 2
-« i3 required.
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4. A pair of 6-in. rolls is needed to crush from l4-in. size to
10 mesh. The 6-in. rolls made by the American Concentrator
Company of Joplin, Mo., can reduce fifty to one hundred 4-lb.
samples from 17 in. to 10 mesh in a day.

5. For reducing the 10-mesh coal samples to 60 mesh or finer a
pebble ball mill is very efficient, especially as it prevents moisture
changes during the grinding. A four-jar mill, such as the one

-
I

made by The Abbé Engineering Company of New York, will
grind forty to fifty samples per day if extra jars are provided.

6. For occasional sampling a bucking board with heavy muller
answers the purpose of fine grinding any mineral sample. It is
best made of manganese steel or chrome steel. These steels are
so hard that they wear very slowly. .

7. A mechanical divider such as the Foster-Coolidge machine
is almost a necessity when large numbers of large samples are
handled. For samples weighing less than 100 1b. the riffle sam-
pler shown in Fig. 1 answers all purposes, unless a large number
of samples are handled.
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8. Coarse wooden frame sieves from 1 to 14 in. and brass
sieves from 10 to 120 mesh are necessary in the sampling room.

9. For fine grinding of ores an Iler or other disc pulverizer is
indispensable if many samples are to be ground.

2=

Py o

14 ’/}) X

Fra. 2.

10. For drying coarse ores, and especially coals, the oven shown
in Fig. 2 is convenient. A steam-heated pan or table is also use-
ful, especially for wet ores.

11. A large platform scale for weighing up to 1,000 Ib. and a
Troemner solution scale No. 80 for weighing up to 5 lb. are
necessary.



CHAPTER 1II
THE ANALYSIS OF LIMESTONES

The constituents to be determined are silica, oxide of iron, oxide of
aluminium, carbonate of calcium and carbonate of magnesium. The
silica is present chiefly as quartz, clay and other silicates. Besides
oxide, iron may be present as ferrous carbonate, or combined with
sulfur as pyrite. Small amounts of phosphoric acid and sulfates are
also often present, and are determined as in iron ores. Since the water
combined in the clay and other constituents such as organic matter are
not determined, the results will usually not total up to 100 per cent.

In examining limestone quarries to determine the quality of the stone
for furnace flux, lime or cement manufacture, the rock should be sampled
layer by layer, as different layers usually vary greatly from each other
in composition, while material from the same layer (or “bed”) is likely
to be of uniform composition. The stone generally ranks in quality
according to the carbonate of lime. For fluxing purposes it must be as
free from silica as possible.

The procedure for analysis in outline is as follows: The sample is
dissolved in HCI,; silica is rendered insoluble by dehydration and filtered
off; Fe(OH);, AI(OH);, Ti(OH),, etc. precipitated by NH,OH filtered
off, washed, ignited and weighed as Fe;0;, Al;,O;, TiO,, etc.; the CaO
precipitated by (NH,).C.0; filtered off, washed, ignited and weighed as
CaO; the MgO precipitated by Na.HPO, filtered off, washed, ignited
and weighed as Mg.P:0s.

Process of Analysis.—Weigh 1 gram of the finely ground
sample, transfer to a casserole covered with a clock glass, add
20 c.c. of 1:1 HCI, keeping the casserole well covered to prevent
loss due to effervescence, and when the effervescence has ceased
evaporate to dryness, taking care to prevent loss by spattering
or too vigorous boiling. It is best to evaporate quietly on a
steam plate with the cover off the casserole. If evaporation is
accomplished by boiling, the cover must always be kept on.
Finally, heat to 120°C. for one-half hour to render the silica
insoluble. Cool the casserole and drench the contents with 20
c.c. of 1:1 HCI, and heat until everything has gone into solution
except the silicic residue. Filter on an ashless filter, and wash

13
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well (about eight times) with hot dilute HCI, then several times
with water. The filtrate will contain perhaps 1 per cent of the
total silica. For exact work, evaporate the filtrate to dryness,
dissolve the residue, filter and wash as above. Burn the two
filter papers and their contents together in a platinum crucible,
and ignite the silica over a blast for 15 minutes. If the siliceous
matter is present in more than small amounts, and always if
exact results are desired, it must be purified because of the
presence of insoluble silicates. To accomplish this add eight
times as much pure Na.COj; as the weight of the siliceous residue,
heat over a Meker burner until the mass has been fused at least
15 minutes, cool, dissolve in hot water, add 10 c.c. of 1:1 HCI,
evaporate to dryness, bake, dissolve, filter and wash as before,
adding the filtrate to the main one.

Carefully burn off the paper at a low temperature, ignite over
a Meker burner or blast lamp for 15 minutes, cool and weigh.

For accurate results the SiO, must be purified. To the weighed
platinum crucible and contents add a drop of sulfuric acid and
5 c.c. of HF and evaporate to dryness to expel the SiF,. Ignite
and weigh again. The loss in weight is SiO,. When great
accuracy is not required, and the silica is small in amount, one
dehydration may be sufficient and the use of HF may be dis-
pensed with.

After driving off the SiF, a small residue of oxides of iron,
aluminium, titanium, and phosphorus may be left in the crucible.
Transfer this residue to the filtrate from the silica by moistening
with HCIl, and rubbing with a policeman to loosen it, and then
washing out of the crucible by means of a jet of water from the
wash bottle.

To the filtrate, the volume of which should be about 100 c.c.,
carefully add NH,OH with constant stirring until it just smells
distinetly of NH;. Should the precipitate be light colored and
large in amount, indicating the probable precipitation of Mg(OH),,
add 5 c.c. HCl and again NH,OH as before. Now boil the liquid
about three minutes, or until the odor of NH; is nearly gone.
Remove from the heat, allow the precipitate to settle, filter
quickly on an ashless filter and wash well with a hot 1 per cent
solution of NH,NO; until a test with AgNO; gives no indication
of chlorine. Ignite and weigh the precipitate of Fe:0; Al:Os,
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P,0;, TiO; and SiO,. If the precipitate of iron and aluminium
hydroxides is large, it should be washed from the filter paper
back into the beaker, dissolved in HC], precipitated with ammonia,
filtered and washed again. For strictly accurate results, two
precipitations should always be made. The iron and titanium
may be determined in the ignited precipitate after solution with
H.S0, For details see the ‘‘Analysis of Clays,” page 378.
The P;0; is best determined in another sample, if desired. The
sum of the oxides of iron, titanium, silicon and phosphorus when
deducted from the total weight of the oxides gives the weight of
the alumina.

Dilute the filtrate from the iron, aluminium hydroxide, etc.
to about 200 c.c. If it is not distinctly alkaline add 5 to 10 drops
of NH,OH, heat to boiling and slowly add 80 c.c. of a solution of
(NH,):C20,4 also heated to boiling. Use a saturated solution
of the salt diluted with an equal volume of water. Stir well
during the addition of the reagent and for a minute or two
afterward; then set aside until the precipitate of CaC,;04 has
settled completely. Decant the liquid through a 9-cm. filter
without disturbing the precipitate, wash the precipitate once by
decantation, using about 50 c.c. of hot 1 per cent ammonium
oxalate solution, then dissolve the precipitate in 10 c.c. of 1:1
HCIl. Add 100 c.c. of water, heat to boiling, add NH,OH slowly
until just alkaline, then 5 c.c. more of (NH,):C:O4 solution and
heat for several minutes to enlarge the crystals. Let settle,
filter, transfer the precipitate to the filter paper and wash six or
seven times with hot 1 per cent ammonium oxalate solution.
When the filtrate is to be concentrated for the determination
of the magnesia, set aside the first filtrate and decanted liquid,
and catch the subsequent washings in a separate beaker. Con-
centrate these by boiling down to a small volume and then add
them to the first portion.

Instead of precipitating the lime as above, some chemists
prefer to add 20 c.c. of a saturated H,C,0, solution, and then
add NH,OH to the hot solution very slowly and with stirring,
until the solution is alkaline. This gives a coarse and easily
filtered precipitate.

Dry the precipitate thoroughly, detach it as far as possible from
the filter, put it in a weighed No. 0 porcelain crucible, burn the
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filter carefully on a platinum wire and add the ash to the con-
tents of the crucible. Now drop concentrated H;SO, onto
the precipitate until it is well moistened, but avoid much excess.
Heat the crucible (working under a ‘“hood” to carry off the
fumes), holding the burner in the hand and applying the flame
cautiously until the swelling of the mass subsides, and the excess
of H,SO, has been driven off as white fumes. Finally, heat to a
cherry red for five minutes. Do not use the blast lamp. Cool
and weigh the CaSO,. The weight of the CaSO, multiplied by
0.7350 gives the amount of CaCO; in the sample, or if multi-
plied by 0.4119 gives the amount of CaO.

Instead of changing the oxalate to sulfate, it is better to place
the precipitate and filter paper in a platinum crucible, burn off
the paper, cover the crucible with a lid and ignite at the high
temperature of the blast lamp or a good Meker burner for 15
minutes, cool in a desiccator and weigh as CaQ. This multi-
plied by 1.7847 gives the weight of the CaCQOs;. The CaO
should not stay in the desiccator more than an hour before
weighing. The blast flame should be inclined, not vertical.

The filtrate from the CaC,0, should be concentrated to 300
c.c. if over that volume; should any MgC,0, separate, dissolve
it by adding a little HCl. Heat to boiling and add 10 c.c. or a
sufficient quantity of a saturated solution of Na,HPO, Add
NH,OH until alkaline, then add 10 c.c. additional, then allow
to cool with occasional vigorous stirring. The precipitate of
MgNH,PO, should be allowed to settle until the liquid is per-
fectly clear (about two hours). During this cooling and settling
the solution should be stirred as much as possible, preferably
continually by a mechanical stirrer. The successful precipita-
tion of MgNH,PO, is dependent upon much stirring. 10 c.c.
of the phosphate solution is sufficient for about 20 per cent of
MgCO;; for dolomites more must be added.

Filter and wash with water containing one-tenth its volume of
NH,OH, sp. gr. 0.90 and a little NH,NO;. When thereis a
large amount of MgO present, the precipitate should be dissolved
in a little HC], made alkaline with NH,OH and precipitated as
before, using only 1 or 2 c.c. of phosphate solution. Dry the
precipitate, detach it from the filter paper and burn the paper on
a platinum wire; now ignite the precipitate and filter ash in a
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porcelain crucible, first heating carefully over a Bunsen burner
till all volatile matter is driven off and it has been at a dull red-
heat for some minutes, then finishing over the blast lamp for
five or ten minutes. The ignited precipitate is Mg,P;0;, the
weight of which multiplied by 0.7572 gives the MgCO;, or, by
0.3621, gives the MgO in the sample.

Notes on the Process.—Limestones generally contain silicates, some
of which are soluble, some, like the feldspars, are not. The silicic acid
liberated from the soluble silicates must be rendered insoluble by dehy-
dration, thus, H,Si0; = H,0 4 8iO,. This is accomplished by the
baking. The presence of CaCl, renders the dehydration of the silicic
acid easy at the temperature of the water bath. A much higher temper-
ature is to be avoided as silica may recombine with the bases, especially
MgO, and so either be redissolved on treatment with acid or render
bases insoluble. One evaporation leaves perhaps 1 per cent of the silica
soluble, and even after two evaporations semo silica will be found with
the iron and alumina precipitate. The silica must be filtered off after
each evaporation. With the silica thus filtered off are all the minerals
insoluble in HCl. These are decomposed and the SiO, liberated by *
fusion with Na,COs, followed by solution with HCl. See “ Analysis of
Clays,” page 375.

The silica retains alkaline salts tenaciously. It must be washed
thoroughly, first with hot water acidulated with HCl, then with cold
water until the filtrate gives no test for chlorine when tested with AgNOs.

The SiO, must be ignited to constant weight, as it retains water most
tenaciously. A blast lamp is necessary to remove the last traces.

Fe(OH); and Al(OH); are insoluble in solutions of NH,CI, but a large
excess of NH,OH holds AI(OH); in solution to a slight extent. This is
separated by boiling off the excess of NH,OH or by the presence of a
large excess of NH,Cl. Too much boiling renders the iron and alumina
precipitates slimy and difficult to wash and filter. Hence, care is neces-
sary in adding the NH,OH to avoid large excess, so that a few minutes
boiling will be sufficient.

The NH,OH should be added slowly and with stirring, as a sudden
addition will cause Mg(OH). to precipitate with the Fe(OH);. The
precipitate must be filtered promptly, as otherwise it will absorb salts
which are washed out with difficulty. The precipitate should not be
washed with pure water, as pure water causes this, like all colloidal
precipitates, to disperse into such fine particles that they pass through
the filter paper making the filtrate cloudy. The presence of an electro-
lyte is necessary to prevent this dispersion, hence a 2 per cent solu-
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tion of NH,NO;s is, used, since the NH,NO; entirely vaporizes upon
ignition. Fluorides, if present, prevent the precipitation of AI(OH)s;
and sulfates also interfere.

Mg(OH): is not completely soluble in NH,OH unless NH,Cl be
present in considerable concentration. The NH,Cl increases the
solubility of Mg(OH), through two effects: First, it decreases the con-
centration of OH ions from NH,OH in accordance with the law of
mass action; second, it forms with MgCl, a double magnesium ammo-
nium chloride in which the magnesium does not ionize as magnesium
ions strongly. Mg(OII), separates as a white precipitate easily mistaken
for alumina, so if the iron and aluminum hydroxide precipitate is large,
it is best to redissolve it in considerable HCI and reprecipitate with N H,-
OH. If much iron and alumina are present, the precipitate will cer-
tainly contain CaO and MgO, which must be removed by resolution
and reprecipitation as above described. Solutions containing NH,OH
and CaO will absorb CO, on standing, precipitating CaCQj; hence, the
iron and aluminium hydroxides must be filtered and washed promptly.
Distilled water often contains CO,, which will cause a precipitation in the
same way; hence, boiling the water before use is best. Cold water in a
wash bottle rapidly absorbs CO. from the breath; such water should
never be used in diluting the alkaline liquid holding the Fe(OH); and
Al(OH); precipitate.

Calcium oxalate is very insoluble in the presence of (NH;),C:04, but
is a difficult precipitate to filter and wash if not formed exactly right.
On gentle ignition below visible redness it is changed to carbonate,
and at still higher temperatures to CaO. The complete conversion to
oxide requires a rather high temperature for a considerable time. How-
ever, the change is easily made complete and this method of determining
the lime is quite accurate if care is taken to ignite to constant weight.
The CaO formed is somewhat hygroscopic and should be weighed as
soon as cooled in a desiccator. The action of concentrated HsSO, on
calcium oxalate converts it to CaSO,4. The action is not violent and
the excess of H,SQ,, provided it is moderate, can be driven off without
danger of loss by spurting. Lumps in the crucible should be broken up
before H,SO4 is added and care should be taken that the entire mass is
moistened by H.S0,. CaSO, will stand the cherry-red heat of a Bunsen
burner without alteration, but the higher heat of a blast lamp will cause
it to lose SO;.

It must not be forgotten that any strontium in the sample will
precipitate with the calcium as strontium oxalate.

Calcium oxalate is somewhat soluble in hot water; hence, care should
be taken not to use unnecessarily large amounts of hot wa'ter in washing
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it. At 95°C., 100 c.c. of water dissolves 0.0015 gram of CaC:04, but the
presence of (NH,),C,0, greatly decreases this solubility.

Magnesium will precipitate as oxalate in concentrated solutions;
hence, when much is present the calcium oxalate should be dissolved and
reprecipitated as described above. In the case of ordinary limestone,
this is not necessary if the calcium is precipitated in properly diluted
solutions, unless very accurate results are desired.

The composition of the magnesium phosphate precipitate is affected
by the dissolved salts present and the condition of precipitation; hence,
for accurate results a double precipitation must be made.

On concentrating the filtrate from the calcium oxalate, a crystalline
precipitate of magnesium oxalate will sometimes separate. This
can be redissolved in HCl and added to the solution. If it contains any
calcium oxalate it will leave a milky solution which clears slowly.

As the liquid in which the magnesium is precipitated contains all
the material added in the analysis, careless addition of reagents may give
so strong a solution of ammonium and sodium salts that the pre-
cipitation of the magnesium phosphate will not take place promptly.
However, the precipitation will be complete in time. To get rid of the
ammonium salts, the filtrate may be evaporated to dryness with 3 c.c. of
HNOs;, sp. gr. 1.42, for each gram of NH,Cl, which will decompose and
remove ammonium salts. Then any remaining magnesium may be
precipitated.

There must be enough (NH,),C,0, solution added to convert all
the magnesium as well as the calcium to oxalate, or calcium oxalate
will not completely precipitate.

Sodium oxalate, being very sparingly soluble, will sometimes separate
with the magnesium precipitate, especially when the solution is con-
centrated and much Na,HPO, has been added; in this case, after partial
washing, the precipitate must be dissolved in HCl and reprecipitated by
NH,OH.

Any manganese which was in the sample will precipitate chiefly
with the magnesium. It can be determined very accurately in the
ignited precipitate colorimetrically and the magnesium results corrected.
Any barium in the sample will be found chiefly in the filtrate from the
magnesium, but some will be with the calcium and some perhaps with
the magnesium.

REFERENCES:

“Silica Separation,” J. Anal. App. Chem., 4, 159.

“ Magnesium Calcium Separation, Fresenius, Quantitative Analysis,”
Pars. 73, 74, 101, 104, 154,

For refined methods of limestone analysis, see U. S. Geological
Survey Bull. 422, “The Analysis of Silicate and Carbonate
Rocks,” by W, F. HILDEBRAND.
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Instead of determining the total silica as is given in the above process,
it is the custom in many places to determine what is called the ‘“insoluble
siliceous matter.” This is done by dissolving the sample in strong HCI,
evaporating to dryness to dehydrate any soluble silica and then filtering
off, washing and weighing the residue. Iron and alumina, lime and
magnesia are then determined in the filtrate as in the filtrate from the
silica. The insoluble siliccous matter, however, generally is not all
silica. Since it is just about as quick to ignite and determine silica
accurately, the determination of ‘““insoluble siliceous matter’’ seems
hardly worth while.

THE DETERMINATION OF CO,; IN LIMESTONE

This determination is generally not necessary for technical purposes,
but it may very easily be done by use of the apparatus shown in Fig. 3.
An 0.5-gram sample is placed in the flask, covered with 100 c.c. of water,
and 10 c.c. of H,SO04 added slowly so that not more than three or four
bubbles per second pass through the KOH bulb. When effervescence
ceases, the acid in the flask is heated to boiling, and then a liter of air is
drawn through the apparatus. The increase in weight in the KOH |
bulb gives the amount of CO;. The KOH bulbs must, of course, show
no increase or decrease in weight when a liter of air is aspirated through
as a blank before the regular determination.

Sometimes it is necessary to determine carbonaceous material like
organic matter in minerals or rocks, such as clays, shales, etc. This
is carried out exactly as directed above for CO,, except that, instead of
using dilute H.SO,, strong HsSO, and chromic acid are used. Transfer
the carefully weighed sample to the flask, add 20 c.c. of water, dissolve
4 grams of chromic acid in 4 c.c. of water and pour it into the flask
through the funnel tube, following it with 2 or 3 c.c. of water to wash out
the tube. Now put into the bulb of the funnel a quantity of con-
centrated H,SO,, equal to about two and a half or three times the volume
of the liquid in the flask.

This volume can be estimated by pouring water into a second similar
flask until it appears to contain the same amount of liquid as the first
and then measuring the quantity used.

The acid used should be purified from any trace of organic matter
which it may contain, by adding a little chromic acid to a quantity of it
and then heating it to about 200°C. for a few minutes. Let it stand till
cool before using.

Now open the stop-cock and run the acid slowly into the flask, being
careful to avoid too violent action. When the acid is all in, shake the
flask carefully to mix the contents.

L
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The evolution of CO, will begin at once. Finally heat carefully
to boiling, so regulating the heat that the evolution of the gas does
not take place too rapidly. The gas should not pass through the potash
bulbs faster than two or three bubbles per second. The boiling should
be continued two or three minutes. At the end of this time but little
gas should be coming over through the bottles; but, as some oxygen is
likely to be given off by the chromic acid mixture, it is usually not possi-
ble to continue boiling till the evolution of gas ceases. Now withdraw
the lamp and immediately open the stop-cock of the funnel tube to
admit air and prevent back suction. Connect the funnel tube with
the soda-lime guard tube, and let the apparatus cool a few minutes.
Then aspirate carefully until a volume of air has been drawn through
equal to seven or eight times the capacity of the apparatus.

Detach the absorption apparatus and weigh it. The total gain in
weight will be the amount of CO; formed, and this multiplied by 0.2727
gives the amount of carbon in the sample taken.

The greatest care and ‘“handiness” are necessary, but, with skill,
duplicates should agree within 0.01 per cent.

The solution should not be brought to the boiling point too rapidly.
By raising the temperature slowly, time is given for the reaction and
most of the carbon will be oxidized before the liquid begins to boil. If
much unoxidized carbon is present in the boiling liquid, particles of it
are likely to be carried up onto the sides of the flask, where they will
adhere and so escape oxidation.

If white fumes form toward the end of the boiling, let the flask cool
until they disappear before aspirating.

The foregoing method of determining carbon by combustion with
chromic acid is very accurate if conducted carefully. It has the
advantage of demanding no special or expensive apparatus.

Arrangement of the Apparatus.—Figure 3 shows a convenient
form of train for the use of students. It is compact, needs no
special clamps and can be taken apart and set away in a labora-
tory desk. C is an Erlenmeyer flask of about 250-c.c. capacity,
fitted with a two-hole rubber stopper; into one hole is inserted a
bulb funnel tube B, having a glass stop-cock, and into the other
a delivery tube M for the gas.

This latter should be of rather large diameter and so inclined
that everything condensing in it will run back into the flask.
It is a good plan to have it cooled by a ‘“water jacket’’ D, con-
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sisting of a larger tube surrounding the smaller, the space between
the two being filled with water.

A-small guard tube A, filled with “soda lime” is fitted to the
top of the funnel tube.

Fia. 3.

This serves to remove any CO; from the air drawn into the
flask. It must be so arranged as to be easily connected and
disconnected.

The delivery tube is connected with the purifying and absorb-
ing apparatus (or ‘“train’’) arranged in the order shown.

E is a bottle of 50- to 75-c.c. capacity, containing about 30 c.c.
of a solution of silver arsenite in dilute sulfuric acid.

This serves to absorb any chlorine, HCI or CrO,Cl, in the gas.
A solution of silver sulfate may be used instead, but this does not
absorb chlorine nor chromyl chloride and is usually preceded
by a bottle containing pyrogallic acid dissolved in a solution of
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potassium oxalate (LANGLEY). When using the arsenite, this
is unnecessary, as it is oxidized to arsenate by the chlorine and
the silver precipitated as chloride.

The arsenite solution is prepared as follows: Dissolve 2 grams
of pulverized As;O; in the smallest possible quantity of a dilute
solution of KOH. Dilute to 250 c.c. and add dilute H,SO, till
the solution is neutral to litmus paper. Now add a solution
of AgNO; as long as a yellow precipitate forms, carefully keep-
ing the solution neutral by adding a solution of KOH drop by
drop as needed. Stir the liquid till the precipitate clots, let it
settle and wash it thoroughly by decantation. Finally, dissolve
the precipitate in a slight excess of dilute H,SO,4 (10 per cent).
Dilute to about 150 c.c. and filter from any undissolved AgCl.
The solution keeps well.

The silver sulfate is made by dissolving about 0.5 gram of
AgNO; in a little water, adding 1 c.c. concentrated HsSO,,
evaporating till the HNO; is all expelled, cooling and diluting
largely with water. Ag.SO,is only sparingly soluble.

F is a bottle containing 20 or 30 c.c of pure concentrated
H.S0,.

This takes out all the water vapor from the gas.

@G is a U-tube containing granular CaCl.. Fill about an inch
of the tube, on the side next to the H,SO, with cotton and moisten
the top of this with a drop of water (Brair). It is shown with
its connecting tube in Fig. 4, C.

The object of this CaCl, is to absorb water and to bring the gas
stream entering the absorption apparatus (H and I) into the
same condition, as to moisture, in which it leaves it. H,SO;
will dry air more completely than CaCl,, hence, if the gas entered
through H.SO, and left through CaCl. it would carry out more
moisture from the KOH bulbs than it brought in, and so result
in loss of weight. It also serves to catch any white fumes of
H,SO, carried over by the gas.

Dried CaCl. and not the fused salt should be used. This latter
is usually alkaline from free CaO and will absorb some COs..

H (Fig. 3) shows the Liebig’s potash bulbs. These contain a
clear solution of KOH of about sp. gr. 1.27 (about 30 per cent).

This solution absorbs the COs, but not completely unless the gas
stream is slow. The solution gives up a little water to the gas
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passing through. If made stronger than directed it deposits
K:COs, which may clog up the tube.

As caustic potash frequently contains nitrites and almost in-
variably traces of Fe(OH),, a fresh solution will absorb oxygen,
the Fe(OH), gradually precipitating as Fe(OH)s. If the potash
bulbs are filled with such a solution they will frequently continue
to increase in weight for some time
if air alone is aspirated through
them. This troublesome difficulty
may be entirely overcome if the
potash solution is heated to boiling
before using and a solution of
potassium permanganate added
drop by drop until a faint persistent
green tint is produced. The liquid
is then allowed to cool and settle,
and the clear solution decanted
for use.

I is a small U-tube, with the
limb next the potash bulbs filled
with granular soda lime. This should not be too dry. The
other limb is filled with granular CaCl,.

This tube serves to catch the trace of CO, escaping the bulbs,
and also to retain the moisture carried over from the potash
bulbs. Soda lime is a more rapid and complete absorbent for
CO; than the KOH in the bulbs, but it is soon exhausted. By
letting the bulbs do most of the work and using only the soda
lime as a guard, it lasts for many operations and retains every
trace of the CO,. The potash bulbs and the soda lime—calcium
chloride—tube are the parts of the train to be weighed. They
may be weighed separately or together. In the latter case they
should be permanently combined into one piece as shown in Fig.
4, A and B, a very convenient arrangement. The ends of the
tubes are bent over, as shown at F and G (Fig. 4). When con-
nected up, the tube and bulbs should so support each other as to
stand upright safely. ‘

J is a U-tube similar to the last, but larger, having the limb
next to I filled with CaCl,, and the other with granular soda lime.
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This serves as a guard tube to prevent moisture or CO, working
back into the absorption apparatus from the aspirator. It can
be used almost indefinitely without becoming exhausted.

K is an aspirator for sucking air slowly through the apparatus.

This must be arranged so that it can be easily attached and
detached. It can be made from a 5-pint acid bottle by boring a
hole near the bottom with a pointed file dipped in turpentine,
fitting a glass tube in this by a rubber ring and then attaching
to this a rubber tube and pinch-cock.

Notes on the Above Apparatus.—It is essential that none of the
chromic acid solution come into contact with the rubber stopper or
connections, as it would, of course, form CQO,. For similar reasons it is
necessary that the glass stop-cock in the funnel tube be free from grease
of any sort.

A flask provided with a ground-glass cap, into which the tubes are
fused, may be substituted for the rubber-stoppered flask as described.

Liquids always absorb some CO,, hence the volume of all absorbing
liquids used in the purifying train must be small. The CO; absorbed is,
however, given up again to a current of air passed through them for some
time.

This apparatus is very convenient for determining both the CO, and
total carbon in clays and limestones. When CO, only is wanted, the
chromic acid is omitted.

THE VOLUMETRIC DETERMINATION OF LIME

Instead of weighing the calcium as CaSO4 or CaO, it may be
determined by measuring the volume of a standard solution of KMnOQO4
required to oxidize the oxalic acid which it contains. The precipitate
is first dissolved in dilute sulfuric acid, the liberated oxalic acid is then
titrated by KMnO,. The reactions may be summed up as follows:

50&0204 + 8H2804 + 2KMDO¢ = 5C&SOA + KnSOq + 2M0804 +

10CO. + 8H.0

This reaction takes place rapidly at 70°C. The first few drops of
permanganate color the liquid and a few seconds will elapse before color
disappears, then the reagent may be added rapidly. This delay in
starting is entirely removed if a few drops of a strong solution of MnSO,
are added to the liquid before titration. As the titration proceeds, rapid
effervescence of CO: takes place, resulting in a spraying out of some of
the liquid unless the titration is done in a flask.



26 METALLURGICAL ANALYSIS

Solution Required.—The solution required is a standard solu-
tion of potassium permanganate. The same solution can be
used as for the determination of iron in ores. The iron value
multiplied by 0.8960 gives the CaCO; equal to 1 c.c. of perman-
ganate in the above reaction; however, it is best to standardize
the permanganate against pure Iceland spar or pure lime, which
is dissolved in HCI, and the calcium precipitated as oxalate as
in the above process.

Process.—For limestone low in magnesia:

Weigh out 89.6 times the iron value of the permanganate, if it
is desired to report as carbonate, or 50.2, if it is desired to report
as Ca0O. The sample should be finely ground. Transfer to a
small platinum crucible, and ignite cautiously to destroy organic
matter. Transfer the ignited powder to a 400-c.c. beaker, add 20
c.c. of water, cover and then add 15 c.c. of HCI, sp. gr. 1.19, and
3 or 4 drops of HNO;. Boil until all the soluble matter is dis-
solved and all the CO; expelled. Wash off and remove the cover
and dilute the liquid to about 150 c.c. with water free from CO,.
Add NH,OH in slight excess, and heat to boiling. Then, without
filtering off the precipitated iron and aluminium hydroxides,
precipitate the CaC,04 exactly as in the gravimetric analysis.
Continue the stirring two or three minutes after the addition of
the hot ammonium oxalate solution and then let settle until
nearly clear, which should require not over five minutes if the
work is correctly done.

Decant through a 9-cm. filter, pouring off very closely. The
precipitate should be so dense as to render this easy. Add 30 c.c.
of hot water to the precipitate, stir well, let stand three or four
minutes, and again decant. Repeat the decantation a third time
and then transfer the precipitate to the filter and wash about
eight times with hot water.

Reserve the filtrate and washings for the determination of
magnesia.

Now run 10 c.c. of water through the filter and catch it in a
small beaker, add 14 c.c. sulfuric acid, heat to 70° and add a drop
of standard permanganate solution. If the color is not dis-
charged in two or three minutes, the precipitate is sufficiently
washed; otherwise continue the washing and test again. Then
wash the CaC,0, back into the beaker in which it was precipi-
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tated, add water, if necessary, to make a volume of at least 150
c.c., place the beaker under the funnel and run through the filter
into the beaker 30 c.c. of 1:3 HoSO,. Stir the contents of the
beaker thoroughly while the acid runs in, to avoid the separation
of CaSO,s Now wash the funnel and filter thoroughly with hot
water. Dilute the liquid in the beaker to 350 c.c., heat to 70°C.
and titrate with permanganate to a faint pink color not
disappearing in two or three minutes.

To test the filter paper for undissolved CaC.0, it may be
added to the contents of the beaker and stirred up in it; if the
washing has been careful, it will not cause the discharge of the
color.

If the factor weight was used, the number of cubic centimeters
of the permanganate required for the titration will equal the
percentage of CaCOj; or CaO in the sample, for if 1 c.c. equals
0.01 gram Fe, it will equal 0.00896 gram CaCOj; or 0.00502 gram
CaO, and if 100 c.c. were used it would be equal to 0.896 gram
CaCOj; or 0.502 gram CaO, which were the samples to be taken.

The CaC,0,4 obtained in the first method given, instead of
being weighed as CaSO, or CaO, may be dissolved and titrated
by permanganate as in the volumetric process.

When magnesium is present in considerable amount, two pre-
cipitations of the CaC,0, must be made, for the same reason that
two precipitations are required in the gravimetric process when
magnesia is high, 7.e., because the CaC,0Q, will carry down
with it some MgC;04. If two precipitations are to be made it is
necessary to filter off the Fe(OH); separately, as it will be reduced
by the oxalic acid when the CaC,0, is dissolved in HCI and inter-
fere with the magnesia determination

Notes on the Process.—Ignition of the sample is necessary to
destroy any organic matter present, which if not destroyed, will
reduce KMnO; and causc the calcium results to run high.

Unless the precipitate of CaC,0, is stirred up in a considerable
volume of water, when the first few cubic centimeters of sulfuric
acid are added to dissolve it a dense flaky precipitate of CaSO4 may
separate, which is likely to occlude solution and obscure the end point.

If the KMnO, is added too rapidly during the titration or the
solution is not well stirred, brown MuO., may separate out; if this is
not redissolved, the results will be inaccurate,
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All water used in diluting the solutions in this process for lime must
be free from CO; or CaCO; will come down with the CaC,04, and,
as this does not react with the permanganate, the lime will run low.
For the same reason it is important that all CO; be expelled from
the solution of the sample in HCl by boiling it thoroughly.
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THE DETERMINATION OF FREE LIME

This is based on the fact that uncombined CaO forms soluble
compounds with sugar in solution in water and that calcium carbonate,
alumina, ferric oxide, magnesium carbonate and free magnesia do not
dissolve. The writer has carefully tested the effect of the presence of
free magnesia upon this determination of free lime and finds that it is
without influence.

The method is very convenient for the determination of free lime in
burnt and hydrated limes.

Process of Analysis.—Place 1 gram of the finely ground sample
in a 200-c.c. flask, add 15 grams of cane sugar and 50 c.c. of water
and shake the flask vigorously for several minutes. Dilute to
the mark, mix the solution thoroughly and let the residue settle
until the solution is clear, pipette off 100 c.c. and titrate the lime
with standard HCI, using phenolphthalein as indicator. If the
HCl is N/5, each cubic centimeter is equal to 0.005607 gram of
Ca0. Phenolphthalein is prepared as directed on page 62.

To prepare the N/5 hydrochloric acid, proceed as follows:
Dilute 17.0 c.c. of HCI, sp. gr. 1.19, to 1 liter and standardize
exactly as directed on page 61 for the standardization of HNQ;,
except that 0.53 gram Na,CO; should be weighed; or ignite 2.002

_ grams of pure, dry, powdered Iceland spar (CaCQOj;) in a platinum
crucible over a Meker burner until constant weight is attained,
dissolve completely in sugar solution as directed above, dilute
to 200 c.c., pipette off 50 c.c. and titrate with the acid to be
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standardized. If the acid is exactly N/5, 50 c.c. will be required.
If the acid is too strong, as it will likely be, dilute the calculated
amount and titrate again.

Note.—Hydrochloric acid makes the best standard acid for general use
because it forms readily soluble salts with all the radicals commonly
titrated with acids, is easily obtained pure, the strength of the acid is
easily verified by means of silver nitrate, the dilute solutions used suffer
no appreciable loss when boiled and the strength of the acid does not
change on keeping.

Some chemists prefer phenol instead of sugar to dissolve the lime.

The determinations of sulfur and phosphorous in limestone are carried
out as directed for iron ores.

REFERENCES:
StoNE and ScHENK, J. Am. Chem. Soc., 16, 721.
WeisBERG, Chem. News, 82, 284.
MELLOR, ‘““Quantitative Analysis,” p. 527.

A Method for the Titration of Calcium Oxide or Hydroxide in the
Presence of Aluminates or Silicates.—By the method here given, CaO
or Ca(OH), can be determined without difficulty in the presence of
Ca08i0,, 2Ca08i0,, CaOAlLO; 5Ca03A1,0;, CaCO; or CaSO, If
3Ca08i0; is present, the method is still applicable but the end point is a
little harder to recognize; to a less extent the same is true if MgO is
present. With 3Ca0Al:O;, special precautions must be taken to insure
the absence of H,0. The alcohol is redistilled from the quicklime
immediately before using. The method follows: In a 250-c.c. flask,
put 2 c.c. of glycerol and 10 c.c. of ‘alecohol, add the finely powdcred
sample in sufficient quantity to give about 0.1 gram of free CaO, add
5 drops of phenol solution, bring to a boil and keep near the boiling
point throughout the titration. Titrate with 0.2 N alcohol solution of
NH,C;H30,. The end point is reached when the pink color is dis-
charged and does not return after boiling for one minute.

REFERENCE:
EmLEY, Trans. Am. Ceram. Soc., 17, 740.



CHAPTER III
THE DETERMINATION OF IRON IN ORES

The iron of iron ores is present chiefly as the minerals hematite (Fe,03),
limonite (2F:0;.3H;0) magnetite (Fe;0y4), siderite (FeCO;), ilmenite
(FeTiO;) and other oxidized compounds. A small amount may be
present as pyrite (FeS,), and in silicates such as biotite, enstatite and
pyroxene. All these minerals are soluble in HCl except ilmenite and the
silicates.

Many iron ores give up practically all of their iron to hydrochloric
acid, provided that the acid be strong and the ore be very finely pulver-
ized. On the other hand, many ores contain a small amount of iron in
such a state of combination that it will not dissolve in hydrochloric acid.
In such cases the residue left after treatment with acid must be fused and
the iron determined in the fusion.

If the residue after treatment with HCI is pure white with no dark
specks, the iron is probably all dissolved unless the ore contains TiO,, in
which case an insoluble compound of iron, titanium and phosphorus
may remain which will not color the residue.

Sometimes previous ignition of the ore will cause the ore to dissolve
more completely in acid.

All methods for the determination of iron in ores depend upon
reducing the iron in acid solution to the divalent form, then measuring
the amount of a standard oxidizing agent required to oxidize the iron
back to the trivalent condition. The reducing agents are metallic zine,
metallic aluminium, SnCly, H,S, SO;.  The oxidizing agents are K,Cr,0;
and KMnO,.

THE DETERMINATION OF IRON B PoTassiuM DICHROMATE
AFTER REDUCTION OF THE FERRIC CHLORIDE BY
StaANNOUS CHLORIDE

The process depends upon the following reactions:

A strongly acid solution of FeCl,, if boiling hot, is almost instantly
reduced to FeCl; by a solution of SnCl,, the end of the reaction being
shown by the disappearance of the yellow color of the ferric ion.

2FeCl; + SnCl; = 2FeCl; + SnCl,.
30
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Any slight excess of stannous chloride can be removed by adding
HgCl,, forming a white precipitate of HgCl, which is without action on
iron salts or dichromate, the stannous chloride being oxidized to stannic
chloride by the HgCl..

SnCl; 4 2HgCl, = SnCl, + 2HgCl.

The reaction is not instantaneous, and after the addition of the
HgCl, at least two or three minutes should elapse before titration.
The reaction is satisfactory, provided not too much SnCl, is present
and the HgCl, is in large excess and added all at once. Otherwise,
metallic mercury may be formed as a gray precipitate which will act
on the dichromate and cause false results. Thus, SnCl; + HgCl, =
SnCly + Hg. This reaction is at once detected by the gray color of the
precipitate and entirely vitiates the results. If the solution is very hot,
the difficulty of avoiding reduction to merecury is increased.

When a solution of potassium dichromate is added to a solution of
FeCl, containing a considerable excess of HCl, the FeCl; is immediately
oxidized to FeCl; with a corresponding reduction of dichromate to
CrCl;, giving a green color to the solution. The reaction is

KzCI‘207 + 14HCl + 6FeClz = ZI{CI + 201‘013 + 6FeCla + 7H20.

In the absence of an excess of IICI the solution becomes yellowish
instead of green, and more HCI must be added, otherwise error will be
made.

The end point, that is, the completion of the oxidation, is determined
by the use of potassium ferricyanide. When a drop of the solution
containing a ferrous salt is added to a drop of a dilute solution of ferri-
cyanide an intense blue color is produced, while solutions containing
only ferric salts give a ycllow-brown color with ferricyanide. The
ferricyanide solution must be fresh, as it is reduced on exposure to light
or on standing, with a formation of ferrocyanide, and, of course, the salt
must be pure; some ferricyanide is contaminated with ferrocyanide,
which gives a blue color with both ferric and ferrous iron and, conse-
quently, cannot be used. Zine cannot be used as a reducing agent in the
dichromate method because it forms the insoluble Zn; (Fe(CN)e). with
the ferricyanide, unless the electrometric method is used.

Preparation of the Solutions. 1. Potassium Dichromate
Solution.—Place a platinum crucible containing a sufficient
quantity of dichromate in a sand-bath with the sand as high on
the outside as the dichromate on the inside of the crucible. Heat
until fusion of the dichromate just commences around the sides
of the crucible. Then remove the crucible.
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Weigh out exactly 8.779 grams of the cold powdered dichro-
mate; dissolve in 300 c.c. of cold water, transfer to a liter flagk,
dilute to 1 liter and shake well to insure thorough mixing.
Of this solution 1 c.c. should oxidize exactly 0.01 gram of iron
from ferrous to ferric condition.

Now to test the solution, dissolve 2.81 grams of pure ferrous
ammonium sulfate, (NH).Fe(SO04)26H0, in 75 c.c. of water con-
taining 7 c.c. of HCl. The salt contains 14.24 per cent Fe and
should require just 40 c.c. of the dichromate solution to titrate it.
Run in from a burette 39 c.c. of the dichromate solution, stir well
and add a drop of the solution to a drop of the ferricyanide solu-
tion placed on a white porcelain plate. A blue color forms if
ferrous iron is present. Now add the dichromate solution drop
by drop, testing the liquid after each addition until on testing
with ferricyanide a yellow color is produced instead of a blue
after one-half minute. If the burette is properly calibrated and
the dichromate properly made, the liquid in the burette should
now read 40 c.c. If it does not, repeat the test and make a factor
of correction. For example: If, instead of 40 c.c. of dichromate,
40.2 were required, the strength of the dichromate in terms of

iron would be 4%)0—2 X 0.01 = 0.0099502 gram per cubic centi-

meter. For volume corrections see Table 7, page 436. The
solution keeps indefinitely.

The object of the heating of the dichromate is to expel water
and destroy any trace of organic matter present.

If the salt is strictly pure and the fusion has been carefully
conducted it will dissolve to a perfectly clear liquid which will
check exactly with the iron salt if this is also pure. This makes
a double check on the solution and the results obtained by the
two methods should closely agree. Of course, the burette used
must be carefully calibrated.

The dichromate should also be checked against a U. S. Bureau
of Standards standard ore and against purest iron wire, as
directed on page 38.

Some of the dichromate on the market contains excess of
chromic acid, and gives too strong a solution. When this is
true, the salt should be purified by recrystallization. If the salt
is heated too hot, especially if it is not pure, the solution will be



THE DETERMINATION OF IRON IN ORES 33

turbid. If more than a trace of this turbidity shows, a new solu-
tion should be prepared.

2. Stannous Chloride Solution.—Dissolve stannous chloride in
four times its weight of a mixture of three parts of water and one
of HCI, sp. gr. 1.2. Add scraps of metallic tin and boil until the
solution is clear. Keep this solution in a closed dropping bottle
containing metallic tin.

3. Saturated Solution of Mercuric Chloride.—Keep an
excess of salt in a bottle and fill it up with water from time
to time.

4. A Very Dilute Solution of Potassium Ferricyanide.—Dis-
solve a piece half as big as a small pea in 50 c.c. of water. This
solution must be made fresh when wanted, as it does
not keep.

The ferrous ammonium sulfate used for standardization as
directed above is not satisfactory for exact work, owing to its
tendency to change in composition through oxidation and loss
of moisture. It is necessary to check the results obtained by this
reagent against other standard materials. The most satisfactory
are the U. 8. Bureau of Standards standard iron ore and purest
iron wire as supplied by reputable chemical supply houses. To
standardize against iron ore, proceed exactly according to the
directions for the analysis of iron ores, except that the ore must
be dried at 105°C. To standardize the K.Cr.O; against pure
iron wire, proceed as follows:

Carefully clean the iron wire by rubbing with fine emery cloth
and clean filter paper, then weigh carefully 0.3000 to 0.4500 grams
of the wire, cut in short lengths. Put the wire in a 200-c.c.
flask and dissolve in 15 c.c. of 1:2HNO;. When dissolved add
5 c.c. of strong HCl and 3 c.c. of strong H,SO,, evaporate until
the H,SO4 gives off dense white fumes. This insures the destruc-
tion of all carbonaceous material in the iron which might affect
the standardization and expels all HNO;. Cool, add 10 c.c. of
strong HCl and 100 c.c. of water, heat to boiling and drop in
SnCl; solution drop by drop until the yellow color of the ferric
chloride just disappears. Then add 2 drops more. Cool, add
15 c.c. of HgCl; solution, stir for two minutes and titrate until
test with KsFe;(CN)s solution on a white plate shows the titra-
tion to be complete. Care should be taken that the smallest
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amount possible of the solution which is being titrated is
removed for testing. Correct for the impurities in the wire,
which is usually about 99.8 per cent pure.

The other solutions keep indefinitely. The SnCl, solution,
however, absorbs oxygen from the air and hence must be kept
closed. Should it grow turbid or deposit a white precipitate,
add more HCI and metallic tin and heat until clear.

Process for the Analysis.—Pulverize the ore in an agate mor-
tar until it is so fine that no grit can be felt between the teeth.
It is best to grind a small amount at a time.

Weigh out 1 gram; put it into a small dry beaker, brushing off
the watch-glass carefully. Add 25 c.c. of HCI, sp. gr. 1.2, cover
the beaker with a watch-glass and set it on a hot plate. Digest
at a temperature just short of boiling until all iron is dissolved and
on shaking the beaker the residue appears light and flotant, and
free from dark heavy particles. This may take from fifteen min-
utes to an hour or more, according to the nature of the ore.
Dilute the solution to two or three times its original volume, filter
through a small filter into a 250-c.c. beaker, and wash the residue
on the filter until it is free from acid. Heat the solution to boil-
ing, drop in the tin solution slowly until the last drop makes
the solution colorless, indicating complete reduction; then add
2 drops additional. If too much stannous chloride is dropped
in by mistake, add permanganate to the solution until a yellow
color appears, then again add stannous chloride drop by drop until
the yellow just disappears. Dilute with cold water to 200 c.c.,
then add all at once, with vigorous stirring, 15 c.c. of the mer-
curic chloride solution. Let stand three or four minutes.
A slight white precipitate should form. If none, or a heavy
grayish precipitate, forms, the result is rendered doubtful and
the determination should be repeated.

Divide the solution into halves approximately. Into one-half
run the standard dichromate solution until the end point is
roughly obtained, then add the other half, washing the solution
out of the beaker thoroughly, and complete the titration accu-
rately. The final end point is known approximately from the end
point obtained on the first half of the solution. In this way it is
not necessary to consume much time approaching the end point.
The number of cubic centimeters used multiplied by the iron
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factor of the dichromate and then by 100 gives the percentage of
iron in the sample.

If by any accident too much of the dichromate solution is run
in, add 1 c.c. of a dilute solution of ferrous sulfate, finish the
titration and read the burette. Then add 1 c.c. more of the
same solution, again finish the titration and read the burette.
Deduct the difference between the first and second readings from
the first reading to find the true end point.

Notes on the Process.—When an ore is with difficulty decomposed
by HCI, the addition of 2 or 3 c.c. of SnCl; solution to the ore and acid
in the beaker will greatly accelerate the solution of the ore. In this
case, after the color and nature of the residue show complete extrac-
tion, carcfully add a solution of KMnQy to the contents of the beaker
until the yellow color of ferric chloride again appears, then dilute and
proceed as usual. The object of the permanganate is to oxidize the
excess of stannous chloride.

In the case of unknown ores, or of an ore in which not all of the iron
can be completely dissolved by HCI, the residue after solution in HCI
must be fused to render soluble the rest of the iron. Place the filter in
a platinum crucible, burn off the paper, add 2 or 3 grams of Na,CO; and
fuse over a Meker burner until all minerals are decomposed. Dissolve
the fusion in 50 c.c. of water and 5 c.c. of 1ICl, heat to boiling, add a drop
of stannous chloride solution and then place a drop of the solution on a
white plate and test for ferric iron with KCNS. If a red color is pro-
duced, more stannous chloride is nceded, but the chances are that not
more than one drop of stannous chloride will be required. The reason
for using KCNS is that after fusion in platinum some plantinum always
goes into solution, and stannous chloride produces with this a yellow
color, so that the end of the reduction cannot be told by the
Jisappearance of the yellow color of ferric chloride.

Now add HgCl; and titrate as in the case of the main solution.

There is danger of loss of iron if a concentrated solution of FeCl; in
HCl is boiled ; hence too great concentration of the solution and too hard
boiling must be avoided.

In testing the solution to sce if the end point is near, care should be
used that only very small drops of the solution which is being titrated
are removed, otherwise an appreciable amount of untitrated iron may
be taken out, causing low results. As the end point is approached the
blue color obtained when the test is made with ferricyanide grows less
intense until the addition of one more drop of dichromate to the iron
solution gives a test with no trace of green color.
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In. the case of mill cinder and other decomposable slags, add 20 c.c.
of water to the finely powdered material, and stir up well to prevent
the cinder caking on the bottom of the beaker; then add 25 c.c. HCl and
proceed as before.

Titanium will not affect this process, provided care be taken to fuse
the residue and add the solution of the fusion to the main solution.
When zinc is used to reduce the iron, titanium is also partly reduced.

The presence of vanadium will vitiate the results, as it is reduced by
SnCl, and oxidized by dichromate.

The porcelain plate upon which the tests for the end point are made
should be prepared by warming a plate on a steam-bath, then rubbing
with a piece of paraffin so as to cover the whole plate with a thin skin
of paraffin. The test drops will not then spread over the plate.

For the electrometric method see page 252.

THE DETERMINATION OF IRON BY TITRATION BY PoTassium
PERMANGANATE AFTER REDUCTION BY METALLIC ZINC

This is a widely used process. The time of the actual titration is
shorter than with the dichromate, as an outside indicator is unnecessary
because the permanganate acts as its own indicator. The least bit of
permanganate added to the solution in excess of that required to titrate
it gives to the solution a permanent pink color.

On the other hand, the permanganate is much more liable to change
than the dichromate and is also much more subject to reduction by
other materials, as, for example, organic matter in the ore or solution.

Titration by permanganate in HCI solution is only permissible under
certain closely regulated conditions. The amount of HCl must be
small and a certain amount of manganese salt must be present, other-
wise the HCI will cause some reduction of the permanganate, giving a
brown color to the solution and making the results run too high. The
presence of phosphoric acid is desirable, as it changes the yellow ferric
chloride to colorless ferric phosphate, thus making the end point plainer.
The phosphoric acid is also said to prevent the reduction of
permanganate by the HCL

Reduction of the iron by zinc is accomplished either by adding
granulated zinc to the solution in an Erlenmeyer flask and boiling a few
minutes or by using the ‘“reductor’” introduced by Clemens Jones,
in which the iron solution is filtered through a column of amalgamated
granulated zinc.

Zine is such a powerful reducing agent that many substances are
reduced by it to oxidizable forms which vitiate the result. Thus the
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iron solution must not contain arsenic, titanium, vanadium or nitrates,
since lower oxides are formed which are oxidized by permanganate.
Nitrates are reduced ultimately to ammonia, which docs no harm, but
frequently the reduction is only partial, resulting in the formation of
hydroxylamine (NH.OH), which is oxidized by permanganate. The
writer has known of results for iron running as high as 125 per cent
because the H:S04 used had in it HNO; which was reduced to NH,OH.

As the zinc is never pure, a blank must be run on it and the amount
obtained subtracted from the permanganate used in the regular titra-
tion. If pure zinc is used without being amalgamated with mercury,
the zinc used must be completely dissolved each time, as it reduces some
iron on it as metallic iron, making the result run low. When the zine
is amalgamated the reduction is much less powerful; in fact, if the mer-
cury coating is too heavy the reduction of the iron is apt to be too slow.
There should be not more than 5 per cent free acid present.

The reactions involved are: Zn + Fex(SO4)s = ZnSO, + 2FeSO,.
2KMnO4 + lOFeSO.; + 81’12804 = KgSO4 + 2MIISO4 + 5Fe2(804)3 +
8H,0.

Solution Required. Permanganate Solution.—A convenient
solution is one in which 1 c.c. equals 0.01 gram of iron, .e., one
which has in 1 c.c. sufficient permanganate to oxidize 0.010 gram
of iron from divalent to trivalent condition. This will contain
5.659 grams of KMnQO, to the liter.

To prepare the solution, dissolve 5.7 grams of pure permanga-
nate of potassium in water, and, when dissolved, dilute to 1 liter.
The solution should stand a day or so before being standardized.
It is likely to alter rapidly at first, but in time reaches a com-
paratively stable condition if protected from light and dust.
Where large quantities are used it is a good plan to make up a
carboy ahead and let it be ‘““ageing.”” The container should be
painted black to keep out light.

Standardization of the Permanganate.—The reducing reagents
used as standards are: Pure iron wire, ferrous ammonium sul-
fate, sodium oxalate and oxide of iron or iron ore in which the
iron content is known. It is best to standardize against several
of these reagents and the results should agree closely. If they
do not, purer materials should be obtained.

To standardize against iron wire, proceed as follows: Clean
the wire by rubbing it with emery cloth and then with filter
paper. Form it into a spiral by wrapping it around a clean glass
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rod and cut the spiral into lengths weighing about 0.4 gram.
Throw away the part of the wire which was held by the fingers.
Accurately weigh the pieces and put them into small Erlenmeyer
flasks of about 75-c.c. capacity. Close each flask by a small glass
bulb with the stem reaching down into each neck. The glassbulb
prevents air entering the flask and oxidizing the iron. Add 30c.c.
of HaSO4 (1:4) and set the flask on a hot plate until the iron
dissolves, avoiding violent boiling. When the iron is completely
dissolved, pour cold water over the bulb into the flask, thus wash-
ing both the bulb and the neck of the flask. Transfer the solu-
tion to a beaker, dilute to 200 c.c. and titrate without delay.
The weight of the wire taken multiplicd by the iron factor of the
wire and divided by the number of cubic centimeters of the per-
manganate used will be the amount of iron equivalent to 1 c.c. of
the permanganate. The result may be checked by running the
titrated solution through the reductor and again titrating. With
the “blank’’ deducted, the results ought to check. The wire is
usually about 99.8 per cent iron.

Now, knowing the strength of the solution, it may be diluted so
that 1 c.c. will just equal 0.0100 gram of iron. The water used
for diluting should have been boiled and, while boiling, treated
with permanganate until it retained a very faint pink color.

In all work involving the use of permanganate, glass stop-
cocked burettes should be used, as permanganate is reduced by
rubber.

To standardize with ferrous ammonium sulfate or sodium oxa-
late, weigh 0.4799 gram of the oxalate previously dried at
130°C. cr 2.81 grams of the sulfate unheated, transfer to a
300-c.c. flask, add 250 c.c. of hot water containing 8 c.c. of
strong H,S0, and titrate not too rapidly, approaching the end
point slowly. In the case of the oxalate the titration should be
carried on at 70°C.

Standard sodium oxalate and standard iron ore may be
obtained from the U. S. Bureau of Standards. The amounts of
sulfate and oxalate given above are each equal to 0.400 gram of
iron. The reason this amount is chosen is that it is about the
amount of iron that will ordinarily be titrated in a sample of ore
aund, consequently, no end point correction will have to be made.
The end color obtained in standardization should be of the same
depth as when a sample of ore is titrated.
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Titrating Solution.—This is made by dissolving 160 grams
of manganous sulfate in water, diluting to 1,750 c.c., adding 330
c.c. of phosphoric acid and 320 c.c. of sulfuric acid. Use the con-
centrated ‘syrupy phosphoric acid”’ of 1.725 sp. gr.

Preparation of the Reductor.—A simple form of the reductor is
shown in Fig. 5. The large tube is about 3§ in. inside diameter
and is contracted at the bottom and ex- 1
panded into a funnel at the top. The stem
enters the rubber stopper of the flask,
which is connccted to a suction pump.
The tube is filled as follows: A plug of
glass wool is placed in the bottom. Above
this is 34 in. of clean white sand B, which
has been boiled with HCI and then washed
to remove the iron. Above the sand is a
dise of perforated platinum C. Above
this the tube is filled for 10 in. with granu-
lated zinc of such size that it will pass
through a 20-mesh sieve but not through
a 30-mesh. It should be amalgamated as
follows: Moisten a quantity of it with
very dilute H.SO, (about 3 c.c. to 100 c.c.
of water), add a small drop of mercury and
stir it in until the zine shows uniformly
the white mercury color. Wash the zinc
free from acid and put it in the tube.
Avoid more than just enough mercury; !¢ gram is sufficient
for 150 grams of zinc.

The solution to be reduced is poured into the funnel-shaped top
of the reductor. The rate at which it is drawn through must
not be too rapid. Test this point by drawing an iron solution
through and then adding some ammonium sulfocyanate to the
reduced solution. If this gives a pink color the speed was too
great and must be reduced by diminishing the suction. If the
rate is too fast it can be reduced by opening the pinch-cock.
If air is drawn through the zinc in the reductor and immediately
followed by dilute acid, the liquid running through is sometimes
found to be oxidizing, possibly from the formation of H30,;
hence, while running through the solution and wash water,
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the surface of the zinc must be kept continually covered
with liquid.

If the reductor has stood unused for some time it should be
washed out with dilute sulfuric acid and water before putting the
solution through it.

Process of Analysis.—Weigh out 1 gram of the finely ground
sample and ignite it in a porcelain crucible to destroy organic
matter. Transfer it to a small beaker, add 10 c.c. of concentrated
HCl, cover and digest till all the iron is in solution. Add 20 c.c.
of dilute H.SO, (1:1) and boil gently to expel some of the excess
of HCI, then dilute to about 100 c.c. and filter, washing the resi-
due thoroughly. Dilute the filtrate to 250 c.c., using cold water,
as the solution should be cool.

Now pour the solution into the zinc reductor and apply such
suction that the liquid will flow through in a moderate stream.
Follow the solution with 100 c.c. of 5 per cent H,SO4, then with
150 c.c. of water, keeping the zinc covered with liquid during the
entire process so that air will not be drawn through the zinc. As
soon as the last wash water has passed through, disconnect the
suction tube, pour the solution into a large beaker and rinse the
flask out with a little water. Add 10 c.c. of the titrating solution
and titrate with KMnQO,. The number of cubic centimeters of
the KMnOQ,, times the iron factor, times 100 equals the percentage
of iron.

Notes on the Process.—Ignition of the sample is necessary unless
organic matter is known to be absent.

The gentle boiling, after adding the dilute H280,, gets rid of most of
the HCL. It is not necessary to expel all of it.

Determine the correction of the impurity in the zinc by running a
blank with the same amount of water and acids used in the analysis,
and deduct the volume of permanganate required in this from that used
in the analysis.

The process should be checked on ores of known composition.

THE PERMANGANATE METHOD WITH REDUCTION BY STANNOUS
CHLORIDE '
This method is reliable, provided the conditians of titration are

strictly controlled. A very slight excess of SnCl; must be used; the
amount of HCI present must not be more than is directed; the solution
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to be titrated must be cold and dilute. In strongly acid solutions HgCl
and HCI are acted upon by permanganate. The permanganate should
not be added too rapidly, especially toward the end. Organic matter
and sulfides must be destroyed by ignition of the ore.

Process of Analysis.—Weigh 1 gram of the finely ground ore,
transfer it to a crucible and ignite to redness. Transfer to a
beaker, add 20 c.c. of HCI {1:1). Heat until the iron is all dis-
solved. To hasten the solution, SnCl; may be added at this
point until the solution becomes colorless. Now if an excess of
SnCl; has been added, add permanganate until the yellow color
of ferric iron appears, then to the hot solution very carefully add
SnCl; solution until the yellow just disappears. Cool thoroughly,
add 10 c.c. of saturated HgCl, solution, stir well and allow to
stand for several minutes. Dilute to 250 c.c. with water free
from reducing matter, add 10 c.c. of the *‘titrating solution”
and titrate not too rapidly with permanganate. Approach the
end point rather slowly. The last drop should give a persistent
pink color.

Note.—Instead of using SnCl,, zine, aluminium or SO, can be
used to reduce the iron, and then, according to Hough, the only
reagent necessary to add to make the titration accurate is phos-
phoric acid.
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DETERMINATION OF FERROUS OXIDE IN IRON ORE

This determination is not frequently called for, but in the case of
carbonate ore, FeCOj, or magnetite ore, Fe;0y, it is sometimes necessary
in order to calculate the heat balance of a blast furnace. The ferrous
oxide is also determined to test the completeness of calcination of
carbonate ore.

When ores of iron are dissolved in HCI, ferric oxide goes in solution
as FeCl; while ferrous oxide or ferrous carbonate goes in solution as ferrous
chloride. Thus:

FeCO.; + 2HCI = FeClg + H2O + COz.

The FeCl; can then be titrated by any of the ordinary methods.

An accurate determination of ferrous oxide can be made only when
certain possible constituents of ores are absent. Some organic material,
and all decomposable sulfides, will reduce ferric to ferrous iron and cause
the results to run high. On the other hand, any MnO, such as pyrolu-
site, will liberate chlorine when the ore is dissolved in HCI and this will
oxidize the ferrous iron to ferric, making the results for FeO low.

Process of Analysis.—Fit a 150-c.c. flask with a clean rubber
stopper perforated with one hole, in which is inserted a piece of
glass tubing 2 in. long. Upon this slip a piece of pure gum tubing
3 in. long closed at one end with a glass rod. In the space
between the tube and rod make a vertical slit 14 in. long with a
sharp knife. This acts as a valve which keeps out the air and
yet lets out the evolved gases. It is necessary to keep out the air
to prevent it from oxidizing any ferrous iron.

Put in the flask 1 gram of Na,Co; and add HCI at such a rate
that the liquid will not froth out of the flask. When the carbon-
ate is all dissolved, place the stopper in the flask. Weigh out
1 gram of finely ground ore, transfer to the flask, add a small
pinch of carbonate, and then 25 c.c. of strong HCl. Quickly
insert the stopper and heat to boiling, and keep at a boiling tem-
perature until the ore is dissolved. Add 200 c.c. of oxygen-free
water and titrate with standard dichromate solution. The iron
value of the dichromate multiplied by 1.2866 gives the amount
of FeO in the ore.

The Electrometric Titration of Iron.—Instead of using chemical
indicators, the end point in the determination of iron may be very
accurately obtained by electrometric means. See page 252.



CHAPTER IV

THE DETERMINATION OF PHOSPHORUS IN IRON ORES,
IRON AND STEEL

The methods in general use all depend upon first getting the
phosphorus into solution, as orthophosphoric acid, and then separating
it from the iron and other bases in the form of ammonium phosphodo-
decamolybdate, the so-called “yellow precipitate.”

The phosphorus in this is then determined directly or indirectly, and
either gravimetrically or volumetrically.

To determine the phosphorus, the yellow precipitate may be dried
and weighed as such, or it may be ignited to P20;24Mo0O; at a tempera-
ture of 450°C. for ten minutes, or the phosphorus may be determined
in the yellow precipitate by volumetric methods; thus it may be reduced
by nascent hydrogen to Moi:01e, which is then oxidized by standard
permanganate back to its original condition. Or the yellow precipitate,
which is an acid anhydride, may be titrated by standard alkali. Lastly,
the yellow precipitate may be dissolved in ammonia, and the phos-
phorus precipitated with magnesia mixture and weighed as magnesium
pyrophosphate.

The complete deposition of phosphorus as ammonium phos-
phomolybdate is often delayed, and under some conditions prevented,
by such elements as vanadium in the quinquivalent condition, titanium,
zirconium and fluorine. The purity of the phosphomolybdate precipi-
tate is often a matter of doubt. It is well known that the first three ele-
ments named, as well as silicon and arsenic, are carried down completely,
or in part, by the precipitate. The researches of Hundeshagen and
others have demonstrated that the composition of ammonium phospho-
molybdate varies with such factors as temperature, concentration of the
molybdate reagent and the acidity of the solution.

Losses are chiefly occasioned by the neglect or improper treatment of
insoluble compounds obtained during the course of the analysis. These
{requently contain phosphorus, and they are often caused by titanium;
they will be encountered when such elements as zirconium, tin, titanium
or tungsten are present, when the phosphomolybdate is dissolved on a
filter paper with NH,OH, as their phosphates are white, and not easily
seen on the paper.

43
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It is difficult to extract all the phosphorus from insoluble phosphates
by -means of alkali carbonate fusions followed by water extractions.
It is not possible, for example, to recover all of the phosphorus from 0.1
gram of zirconium or titanium phosphates by two careful carbonate
fusions followed by water extractions.

Compounds containing phosphorus must not be subjected to
protracted fusions with alkali pyrosulfate in open crucibles and at
unnecessarily high temperatures. Negligible losses occur in short
fusions when crucibles are tightly covered and only sufficient heat for
proper fusion is used. Such fusions may, however, give rise to meta- or
pyrophosphates, which must be converted to orthophosphate before
further treatment.

Phosphorus is precipitated with tungstic acid, and the recovery of it
from small amounts of tungstic acid is carried out as with the non-
volatile residue after the purification of silica. With larger amounts
of tungsten the phosphorus is more conveniently recovered and the tung-
sten at the same time eliminated by dissolving the tungstic acid in
ammonium hydroxide, slightly acidifying with hydrochloric acid, adding
1 gram of alum, and then precipitating the phosphorus together with
aluminium by the addition of ammonium hydroxide in the slight excess
prescribed by Blum, boiling and filtering.

The complete precipitation of phosphorus as aluminium or iron
phosphate requires at least a fivefold excess of aluminium and a tenfold
excess of iron and the use of only a very slight excess of ammonia. A
large excess of ammonia is to be avoided even when iron and aluminium
are greatly preponderant.

As mixtures of sulfuric and phosphoric acids lose phosphorus when
heated at high temperatures to complete expulsion of sulfuric acid,
any hydrofluoric acid treatment of silica containing phosphorus should
be done with nitric instead of sulfuric acid and the hydrofluoric acid
expelled by repeated treatment with it. In this connection it is impera-
tive that any final evaporation of phosphoric-sulfuric acid solutions be
carried on at as low a temperature as possible and be stopped as soon as
fumes of sulfuric acid appear.

The yellow precipitate, when dried at 130°C., has the composition
(NH,);P0,12Mo00;. This formula requires 1.65 per cent of phosphorus.
The average of many most carefully conducted experiments has
shown that the precipitate, if free from admixed molybdic acid or
other impurities, contains 1.63 per cent phosphorus within very
narrow limits.

The precipitate is only obtained pure when formed under very exact
conditions, and is easily affected by subsequent treatment, so that all
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methods depending upon the weighing of the yellow precipitate or its
volumetric determination must be carried out rigorously according to
the prescribed directions in every detail.

When a solution of ammonium molybdate in nitric acid is added to an
acid solution containing phosphoric acid, the whole of the phosphoric
acid is precipitated as the yellow ammonium phosphomolybdate, under
the following conditions:

All the phosphorus must be present as tribasic (ortho) phosphoric
acid.

The precipitation should always be performed in a solution containing
nitric acid, as the precipitate is less soluble in nitric than hydrochlorie
or sulfuric acids. A wide range in the concentration of nitric acid is
permissible. Satisfactory technical analyses can be had in the presence
of as much as 10 per cent by volume of hydrochloric acid or 5 per cent by
volume of sulfuric acid, through the use of double the amount of molyb-
date reagent ordinarily employed (100 as against 50 c.c.) and a longer
precipitation period (30 as against 15 to 20 minutes). In the case of
hydrochloric acid, complete precipitation is obtained when the solution
is allowed to stand overnight; complete precipitation is not possible with
sulfuric acid, which must be avoided or used sparingly and then
converted into ammonium sulfate in accurate analyses. Hydrofluoric
acid retards the precipitation of phosphomolybdate and causes the
formation of a more soluble precipitate; both difficulties can be entirely
prevented by converting the acid to fluoboric acid by the addition of
borax or boric acid. .

The temperature of the solution has a decided bearing on the
precipitation. Precipitation at low temperatures (10 to 20°C.) is slow
and the precipitates are difficult to filter and wash. Precipitations at
40 to 50°C. are more rapid and the precipitates are in better condition.
Higher temperatures, such as 80 to 90°C., give rapid precipitation, but
the precipitates are richer in MoO; and more contaminated by elements
such as arsenic.

Ammonium nitrate has a beneficial effect, as it causes more rapid
precipitation and a coarser grained precipitate. The precipitate is
slightly soluble, however, in a large excess of ammonium nitrate and it
should preferably be present in amounts not over 15 per cent.
Ammonium chloride and sulfate are not as desirable, as they tend to
delay precipitation and have slightly greater solvent action on the
precipitate. Their prescnce in reasonable amount is not harmful if a
greater excess of the molybdate precipitant is used.

A large excess of the molybdate precipitant is required. This excess
varies from ten times the theoretical amount in a nitric acid-ammonium
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nitrate solution of pure orthophosphoric acid to a fifteen to twenty-five-
fold-excess in ordinary solutions, and a forty to sixty-fold excess in solu-
tions containing substances which retard the precipitation.

The yellow precipitate is insoluble in the solution of ammonium
molybdate in nitric acid; also in solutions of ammonium salts, if neutral
or only very slightly acid, but if strongly acid they attack the precipi-
tate, which is, however, reprecipitated by the addition of molybdic acid
solution to the liquid. It is also practically insoluble in a solution of
potassium nitrate when neutral and not too dilute. Solutions of salts
of organic acids usually dissolve the precipitate to some extent. From
these solutions nitric acid and ammonium nitrate, in some cases, repre-
cipitate the compound, in others, e.g., with tartaric acid or oxalic acid,
probably not completely.

The mineral acids, HCl, HNO;, H.SOy, all have a solvent action on
the precipitate even in the presence of ammonivm nitrate. HNO; has
the least, HCI] probably the most.

Pure water is said to decompose the precipitate to a slight extent and
make it run through the filter.

Precipitation is much more rapid from hot than from cold solutions,
but in time it is probably complete at any temperature. The pre-
cipitate from hot solutions is denser and more crystalline; from cold,
finer and more granular, and harder to filter and wash.

Agitation greatly accelerates precipitation in this as well as in other
chemical reactions.

The precipitate dried to constant weight at ordinary temperatures
retains a little acid and water, which it loses when dried at 130°C. By
washing the precipitate with a neutral solution of ammonium or potas-
sium nitrate or by prolonged washing with water, it can be freed from
acid without drying.

Silicic acid in the solution does not seem to interfere with the complete
precipitation of phosphorus as yellow precipitate, but a trace of the
SiO; usually comes down with the precipitate, especially if the solution
is too concentrated or too warm, or stands too long. If the solution is
rather dilute, not too hot and is filtered promptly, the yellow precipi-
tate can be obtained in the presence of considerable SiO; and
practically free from it. Titanic acid does not prevent, though
it greatly delays, the precipitation of phosphorus by molybdic acid
solution.

Organic matter has usually been supposed to interfere with the
precipitation of phosphorus, but it is probable that in many cases,
noticeably in steel analysis, the bad results attributed to this cause were
due to the fact that the phosphorus had not all been converted into the
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tribasic acid. The pyro- and metaphosphoric acids are not completely
precipitated by molybdic acid solution,

When arsenic acid is present in the solution with the phosphorus,
some of it will be precipitated at the same time, the amount increasing
with the temperature. Only very small amounts come down at
temperatures not exceeding 25°C.

MoO; may separate with the yellow precipitate as a light crystalline
deposit. This free MoOj is soluble in acids with difficulty and cannot
be washed out of the yellow precipitate. Its separation must always be
guarded against when the yellow precipitate is to be weighed or titrated.
It forms when the solution contains too much MoQyj, is too concentrated
ur too dilute, too strongly acid or too nearly neutral. Too high a
temperature precipitates it. The addition of strong nitric acid to
a solution of molybdic acid will sometimes precipitate it, as will the
adding of molybdic acid solution to solutions of iron in concentrated
nitric acid. Long standing favors the separation of excess MoUj;
with the yellow precipitate. A finely divided form of the MoO;
sometimes separates, casily mistaken for the yellow precipitate and
liable to escape notice.

Besides the MoOj;, the ycllow precipitate may be contaminated
by ferric molybdate or ammonium metamolybdate, which are precipi-
tated by too long digestion or too high temperature. If the precipitate
stands at a temperature not exceeding 40°C., contamination in this way
is not apt to occur.

When the yellow precipitate is thrown down in a solution containing
much iron and not sufficient acid, basic iron salts are likely to accompany
it, making it reddish in color. This is especially the case when the
solutions are hot.

The yellow precipitate, if pure, is easily and completely soluble in
ammonia (if it contains iron, the solution will be turbid. from the forma-
tion of ferric phosphate). From this solution the phosphoric acid is
completely precipitated by magnesia mixture as MgNH,PO,. If the
yellow precipitate contains any SiO,, this will also, in part at least,
dissolve in the ammonia and separate with the magnesia precipitate,
making it a little flocculent. By cautiously adding HCI to the ammonia
solution of the yellow precipitate until nearly neutral and letting it stand
for some time in a warm place, the silica scparates and may be filtered
off. The phosphorus may then be precipitated in the filtrate. In
precipitating phosphoric acid with magnesia mixture, add the reagent
drop by drop and stir the liquid constantly, so that the precipitate
separates slowly and in a crystalline form. Otherwise it will be impure,
containing magnesia in excess and molybdic anhydride. The mag-
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nesium pyrophosphate must be ignited thoroughly and with access of
air to drive off any trace of MoQO; it may contain.

If the sample to be analyzed contains vanadium, the yellow precipitate
will be contaminated with it, making the precipitate more soluble.
When vanadium is present, the precipitate will have an orange color
instead of being yellow.

Since complete precipitation of the phosphorus as pure ammonium
phosphomolybdate with constant composition is only possible under
certain closely controlled conditions, it is necessary for the chemist to
find out for himself by repeated experiment exactly what these condi-
tions are, and to standardize his solutions and make his determinations
under exactly the same conditions, keeping in mind the many things
which may cause error.

It is evident that correct determinations of phosphorus can be
obtained only by methods which call for solution of the phosphomolyb-
date and reprecipitation of the phosphorus as a pure compound of
definite composition. By far the most satisfactory of such methods
calls for solution of the washed phosphomolybdate in dilute ammonium
hydroxide, reprecipitation of the phosphorus as magnesium ammonium
phosphate, and ignition of this to the pyrophosphate. In this method
the composition of the phosphomolybdate is immaterial; it is only neces-
sary that all the original phosphorus be present as orthophosphate in the
solution which is treated with magnesia mixture, and that the resulting
magnesium ammonium phosphate be pure and of definite composition.
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DETERMINATION OF PHOSPHORUS WITH FINAL WEIGHING AS
MAGNESIUM PYROPHOSPHATE

This method is free from the chances of error due to the presence of
impurities in the yellow precipitate. It is gravimetric and the phos-
phoric acid is finally weighed in a form not subject to variation in com-
position if care is taken in the precipitation. It is applicable to all
kinds of material, and to any percentage of phosphoric acid; hence, it is a
standard method to which final reference must be made in all important
determinations.

A pure magnesium-ammonium phosphate of definite composition can
be easily obtained from ammoniacal solutions of small amounts of pure
ammonium phosphomolybdates, provided the solutions—preferably of a
volume not to exceed 50 to 75 c.c.—are slightly acidified with hydro-
chloric acid, treated with 0.2 to 0.5 gram of citric acid, a five- to ten-
fold excess of magnesia mixture, and then carefully neutralized with
ammonium hydroxide (sp. gr. 0.90), slowly added dropwise and with
constant stirring until the precipitate begins to form and then in an
excess of 3 to 5 per cent by volume. A three- to four-hour digestion
period is ordinarily sufficient but a 24-hour period does no harm and is
desirable when small precipitates are involved. The most desirable
washing solution is one containing 3 to 5 per cent by volume of
ammonium hydroxide (sp. gr. 0.90). No advantage is gained by using
stronger washes or ones containing ammonium nitrate. The precipitate
may be ignited either wet or dry, and in cither platinum or porcelain.
The chief precaution in igniting the precipitate lies in first warming until
any water in the paper or precipitate is given off, then slowly charring
the paper without actual flaming in an oxidizing atmosphere, then ignit-
ing at as low a temperature as possible, and with the lid placed to allow
circulation of air, until the carbon has been destroyed and the residue
is white, and finally at approximately 1,000°C. with the crucible covered
to constant weight.

Process for Iron Ores.—(In the absence of more than traces of
titanium or arsenic.) Weigh 1 to 5 grams, depending upon the
percentage of phosphorus, of the very finely pulverized ore. Put
it into a 4-in. porcelain dish or casserole, add 1 c.c. nitric acid,
then concentrated HCl, using 10 c.c. for each gram of ore taken,
and then add 15 c.c. more, cover with a watch-glass, warm until
all the iron appears to be in solution, then boil down to dryness,
keeping covered to avoid spattering. Dry on a hot plate until
the acid is expelled, then add from 30 to 50 c.c. of concentrated
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HCI, cover and digest until all the iron is dissolved. Now boil
down until the liquid is syrupy. If the dish is kept covered,
there need be no formation of dry salt on the sides. Add 50 c.c.
of 1:2 HNOQj;, washing off the cover and sides of the dish. Filter
into a 250-c.c. beaker, using a small filter; transfer the residue to
the filter and wash until there is no acid taste to the washings.

Dry and ignite the residue. With ordinary ores, if light cclored
and not too large in amount, it is generally practically free from
phosphorus, and may be thrown away. In case the ore is an
unknown one, and occasionally even on known ones, the insol-
uble residue should be fused with sodium carbonate, the fusion
dissolved in HCI, evaporated to dryness and heated to dehydrate
the silica. Dissolve the residue in 2 or 3 c.c. of HCI and 10 c.c.
of water and filter into the beaker containing the main filtrate.

Instead of proceeding as above, the filtrate from a silica de-
termination may be used for the determination of phosphorus.
The filtrate should not much exceed 100 c.c.

Heat if necessary to 80°C. and add from a pipette, and with
vigorous stirring, 100 c.c. of molybdate solution. Stir the so-
lution vigorously for several minutes more. Vigorous stirring
greatly lessens the time required for precipitation. Allow to
stand until the liquid is clear and the precipitate has all settled
(this should not require more than one hour); remove a portion
of the clear liquid with a pipette and test it by adding a little more
molybdic acid solution and warming, to make sure that all the
phosphoric acid is precipitated.

Filter the liquid through a 7-cm. filter. Transfer the precipi-
tate to the filter and wash free from iron, with a cold 1 per cent
solution of HNO;. The washing must be thorough or difficulty
will be experienced when dissolving the precipitate, as phosphates
of iron and aluminium may form and clog up the filter. When
the precipitate is washed, put the beaker in which the precipita-
tion was made under the funnel and redissolve the precipitate
on the filter with 20 to 30 c.c. of a solution made by dissolving
20 graims of citric acid in 100 c.c. of water and adding NH,OH
until the solution is strongly alkaline. When it is dissolved
and the liquid has all run through, wash the filter three or four
times with water, then with a little dilute HC], to dissolve any
ferric or other insoluble phosphate present, and finally with
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water. Use care in washing, letting each portion of water run
through before adding another, so as to keep the volume of the
filtrate small. This should not exceed 100 c.c. and is usually less.
The filtrate should now be clear and colorless. If the alkaline
solution of the phosphomolybdate should be cloudy, heat to
boiling and filter through the same paper as before, wash and
save the paper.

Make the filtrate acid with HCl, add a considerable excess of
the magnesia mixture, judging the amount from the size of the
“Y.P.,”” usually 10 c.c. Add NH,OH with vigorous stirring
until the solution is alkaline, then add 5 c.c. more. Continue
to stir the solution vigorously for four or five minutes. Let it
stand until the precipitate of MgNH,PO, has settled completely
(three or more hours). The precipitate should be white and
crystalline; if red or flaky, the results will be inaccurate. TFilter
on a small filter or, better, on a Gooch perforated crucible. Wash
with water containing one-tenth its volume of concentrated
NH,OH and a little NH,NO;, dry, ignite very slowly and
carefully and weigh as Mg,P:0;. This contains 0.2787 of
phosphorus.

It is essential that the filtrate from the phosphorus precipi-
tate should give at once a strong reaction for magnesium when
tested with a drop of a solution of sodium phosphate, as a con-
siderable excess of reagent is necessary to precipitate the phos-
phorus completely.

Instead of weighing the phosphorus as Mg:P,04, the phospho-
rus molybdate may be titrated by the alkali or permanganate
methods, as on pages 58 and 60.

When the ore contains appreciable amounts of titanium,
zirconium or tin and, in general, when the most accurate results
are necessary, the procedure must be modified as follows:

Weigh out the ore and dissolve it in HCI as in the regular
process. If the filtrate from the insoluble residue is not clear,
add a little HNO; and warm, which will probably clear it. 1f a
slight turbidity remains, it is of no importance and may be
neglected. Now proceed with the filtrate as in the regular
process. After the yellow precipitate has been dissolved in
ammonia and the filter washed as directed, dry and burn the
filter and add the ash to the insoluble residue. This is necessary,
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as insoluble compounds of phosphorus and titanium may be
retained in the filter. The filtrate is combined with the similar
one obtained from the “Y.P.” from the fusion. This residue
is now mixed with eight times its weight of dry Na.CO; and
fused as for silica. Boil the fusion with water until thoroughly
disintegrated. The phosphorus passes into solution as phos-
phate; while the TiO, remains insoluble as titanate. Filter the
liquid from the insoluble matter, acidulate the filtrate with
HNO; and evaporate to dryness. Add a little HNOj;, then water
and filter from the separated SiO,.

Proceed as usual until the MgNH,PO, precipitate is obtained
from the combined solutions of the two phosphomolybdate
precipitates. Filter, keeping most of the precipitate in the
Hlask and wash with dilute NH,OH.

Dissolve the MgNH PO, on the filter in 25 c.c. of dilute hydro-
chloric acid (1:1), catching the solution in the original flask con-
taining the bulk of the precipitate. Wash the filter thoroughly
with dilute hydrochloric acid (5:95). Transfer the solution to a
200-c.c. beaker. In case the amount of arsenic is known to be
very small, add 0.5 to 1 gram of ammonium bromide and boil
the hydrochloric acid solution to a volume of 5 to 10 c.c. Where
large amounts of arsenic were originally present, treat with
hydrogen sulfide, digest, filter and wash with acidulated hydrogen
sulfide water. Boil to expel hydrogen sulfide and to reduce the
volume to 50 to 75 c.c. Add 0.1 to 0.2 gram of citric acid, 2 to
3 c.c. of magnesia mixture, make ammoniacal as above and allow
to stand in a cool place for four to twenty-four hours.

Filter, wash with dilute ammonium hydroxide (1:20) and ignite
the precipitate carefully and at as low a temperature as possible
until the carbon has been destroyed and the residue is white.
Finally, ignite at approximately 1,000°C. to constant weight.
Dissolve the ignited residue in 5 c.c. of dilute nitric acid (1:1)
and 20 c.c. of water. Filter, wash the residue with hot water,
ignite and weigh. Treat with a few drops of hydrofluoric acid,
evaporate to dryness, ignite and reweigh. Subtract any loss
of weight from the original weight of the pyrophosphate and
calculate on the basis of this purified magnesium pyrophosphate.

Solutions Required. Molybdate Solution.—Johnson’s direc-
tions for preparing the solution are as follows:
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Into a large evaporating dish weigh 110 grams of ammonium
molybdate and 100 grams of ammonium nitrate, and add 80 c.c.
of ammonium hydroxide (0.95 sp. gr.). Dilute to 1,400 c.c.
with water. Heat for about 30 minutes, stirring once in a while
until all salts are in solution. Dilute to 4,000 c.c. with water.
Let stand overnight. TFilter the insoluble material through
double 15-cm. papers. Do not wash. The clear solution thus
obtained should remain clear indefinitely.

Magnesia Solution.—Dissolve 50 grams of MgCl,.6H,0 and
100 grams of NI,Cl in 1 liter of distilled water, or 65 grams of
MgS0,.7H,0 and 100 grams of ammonium chloride in 1 liter
of water. Of this solution 10 c.c. will precipitate about 0.07
gram of phosphorus.

DETERMINATION OF PhospniorUs 1N Brack Banp aNnp OTHER
Ores WaicH CoNtTaIN Mucn CARBONACEOUS MATTER

These should be weighed out in a porcelain crucible and ignited,
taking care not to heat so rapidly as to cause loss by blowing out of
fine particles. Sect the crucible on its side over a small flame and let the
material gradually burn away until all carbon is gone, and an “ash” is
left. Treat this by the regular process. Avoid a high temperature in
burning or the material will cake, thus delaying the combustion and lead-
ing to imperfect solution. A dull red-heat is sufficient.

DETERMINATION OF PHospHORUS IN MiILL CINDER

Two points here need attention. First, since the material is a soluble
silicate, it should be decomposed by weak acid and evaporated to dry-
ness as in the determination of silica after fusion. Second, all mill
cinder contains particles of metallic iron, in which phosphorus is present
as phosphide. These would evolve PH; gas when dissolved in HCI, so
HNO; must be used to oxidize this phosphorus.

Proceed as follows: Weigh 1 gram into a porcelain dish, add
20 c.c. HNO; (1.2 sp. gr.), stir well to prevent caking and warm
till action ceases, then add 10 c.c. H,O and 10 c.c.concentrated
HCl. Evaporate to dryness and heat on an iron plate to 200°C.
for half an hour. Add 10 c.c. HCI, and digest until all the iron
is dissolved. Dilute, filter and proceed as with an ore.
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DETERMINATION OF PHOsPHORUS IN IRON AND STEEL

The phosphorus in iron and steel exists principally as phosphide.
When these metals are treated with ordinary oxidizing solvents, such as
dilute HNOj;, or KClO;+HCI, the oxidation of the phosphorus is
incomplete. Even concentrated HNOj; fails to convert all the phos-
phorus into tribasic phosphoric acid. The metal must not be dissolved
in HCI or H»S0y, as they would cause phosphorus to pass off as phosphine
gas (PH;).

These metals also contain carbon compounds which pass into solution
in HNO;, forming a dark-colored substance, and the presence of this
dissolved carbonaceous matter is generally supposed to interfere with the
precipitation of the yellow precipitate. It seems probable, however,
from certain experiments that, if the phosphoric acid is in the tribasic
state, this organic matter is without influence. It is certain, however,
that, unless the oxidizing action is strong enough to destroy this carbon-
aceous matter completely, the phosphorus is not all oxidized and hence
not precipitated completely.

The oldest and most certain method of oxidation is the ‘“dry oxidation
method.” Tt consists in dissolving the metal in HNO; either concen-
trated or dilute (sp. gr. 1.2), and then evaporating the solution to dry-
ness. The dry mass of basic ferric nitrate is then heated to about
200°C. for some time. At this temperature the salts are decomposed,
the iron largely converted to ferric oxide, and the dissolved carbon and
the phosphorus completely oxidized. This residue can then be dissolved
in HCl and treated like an ore. The method is always reliable and
involves no delicate adjustments.

To save the time required for evaporating the solution and baking
the residue, several methods have been devised for oxidizing the material
in the nitric acid solution. The reagents most successfully used are
potassium permanganate, chromic acid and ammonium persulfate.
Aqua regia, potassium chlorate or chlorine fail to oxidize the material
completely.

When permanganate is used there is a separation of MnO; as a brown
precipitate which holds phosphorus and must be entirely redissolved
before filtering from the residuc or precipitating the phosphorus. This
is accomplished by adding a reducing agent, such as oxalic acid, ferrous
sulfate, sugar or potassium nitrite, to the acid liquid. Any considerable
excess should be avoided. The MnO. is reduced to MnO and dissolved
in the acid.

Wet methods are more rapid but are not adapted to all kinds of
material and must only be used where they have been shown to apply by
repeated checking of the results with the standard methods.
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When pig iron or steel, containing silicon, is dissolved in HNO;,
evaporated and “baked,” the HCI solution of the residue will be found
to filter very slowly because silicic acid in HNOj; solution is not fully
dehydrated on evaporation, even if the residue is heated to 200°C.
Hence, when the residue is treated with HCl, some of the SiO; goes into
the solution and leaves the rest in a highly gelatinous form.

The SiO: left after the evaporation of an HCI solution is much more
granular and easily filtered off. Therefore, in all cases where silicon is
present to any extent the HCI solution of the “baked” residue should
be evaporated to hard dryness and again taken up in HCl. This second
evaporation takes but little time and is essential, especially with cast iron,
if a long and tedious filtration is to be avoided.

After the phosphomolybdate precipitate is obtained, the final process
may be any one of the following: the precipitate is dried and weighed,
or titrated with a standard alkali solution, or it may be reduced by
nascent hydrogen and then titrated by a standard permanganate solu-
tion or, finally, the phosphorus may be precipitated as MgNHPO, and
weighed.

Process of Analysis.-—Weigh 1 or 2 grams, depending upon
whether the phosphorus content is above or below 0.15 per cent,
transfer the sample to a 250-c.c. Erlenmeyer flask, add 50 c.c.
of HNO; (sp. gr. 1.13) and heat until the sample is all decom-
posed. (If the sample is pig iron, a large residue of graphite will
be left.) Add 1 gram of ammonium persulfate and boil until
combined carbon is completely oxidized. Filter and wash the
residue with a 2 per cent nitric acid solution until no iron stain
is left on the filter paper. Heat the filtrate to boiling and add a
2 per cent KMnOy solution until there is a slight excess of
the permanganate and continue boiling until the excess is decom-
posed and precipitated as MnO;, cool somewhat and add potas-
sium nitrite (KNO;) until the MnO, just dissolves, and continue
boiling for a minute to remove the brown nitrous oxides. Cool
the solution to 70°C., add 50 to 100 c.c. of ammonium molybdate
solution and shake the flask for five minutes. Allow the pre-
cipitate to scttle for a half hour or until the supernatant solution
is clear. Filter through a 9-cm. filter paper, transfer the precipi-
tate to the filter paper and wash with the appropriate wash
solution as given below.
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Gravimetric Method.—This method is generally used as a “rapid
method.” It is not, however, as rapid as the volumetric method for
phosphorus, but it is the most rapid of the gravimetric methods.

Since accurate results by this method depend upon purity of the
yellow precipitate, and uniform composition of the same, it is necessary
that the conditions of precipitation be strictly controlled and that the
process be checked by running the phosphorus in a standard sample
under exactly the same conditions as obtain in the routine work of
the laboratory.

The yellow precipitate is quite hygroscopic, hence it must be weighed
promptly and with the least possible exposure to the air.

As the yellow precipitate has 1.63 per cent of phosphorus, it is
convenient to take that amount in grams for analysis. The drying and
weighing of more than 0.4 gram of yellow precipitate is difficult, hence
for ores having over 0.4 per cent of phosphorus, take one-half of the
above amount (0.815).

Prepare a Gooch filter as follows: Pour into a Gooch crucible an
amount of properly prepared asbestos fiber so that when the asbestos is
sucked tightly on the bottom of the crucible by means of a suction flask a
mat about one-thirty-second of an inch thick is formed. Wash the mat
with a 1 per cent nitric acid solution, place the crucible in an oven and
dry at 110°C. Fifteen minutes is usually enough. Cool in a desiccator
and weigh. Filter the phosphomolybdate precipitate on the mat in the
crucible, using the suction flask, transfer all the precipitate to the
crucible, wash 15 times with 1 per cent nitric acid solution and again dry
the crucible and contents in the oven at 110°C.  Cool in a desiceator and
weigh. The increase in weight multiplicd by 0.0163 gives the amount
of phosphorus in the sample.

Emmerton’s Method. Titration by Permanganate.—When the
yellow precipitate is dissolved in NH,OH and mixed with a very con-
siderable excess of H,SOj, it all remains in solution. If this solution is
warmed with metallic zine, zinc dissolves, and the molybdic acid is
rapidly reduced, giving first a dark red and finally a green solution
containing, if the reduction is complete, Mo:0s. If this solution is
rapidly filtered from any undissolved zine, it can be titrated with a
solution of potassium permanganate, which promptly oxidizes the
Mo:0; back to MoO;. The solution becomes colorless and, finally,
when oxidation is complete, is colored pink by the least excess of
permanganate.

The color of the reduced solution depends somewhat upon the excess
of sulfuric acid present. If this is too large, the green color will not be
reached and the end of the reduction cannot be detérmined. The
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smaller the excess of H,80, the sharper is the change from red to green
at the end.

Complete reduction is a matter of considerable difficulty and the
methods in use do not always attain it. This has given rise to the
assigning of various formulas to the reduced product. Emmerton
gives Mo;201e, which probably most nearly represents the usual product
of the reduction method he describes. The reductor gives ratios
between the molybdenum and the oxygen which vary with the methods
of using it. Blair and Whitfield give for the reductor product Mo24031.

REFERENCES:
EMMERTON, Trans. Am. Inst. Min. Eng., 16, 93.
DupLey and PEasg, J. Am. Chem. Soc. (1894), 224.
W. A. Noves, J. Am. Chem. Soc. (1894), 553.
W. A. Noves, J. Am. Chem. Soc. (1895), 129.
BraIrR and WHITFIELD, J. Am. Chem. Soc. (1895), 747.
Avucny, J. Am. Chem. Soc. (1896), 955.

This uncertainty as to the reduction product makes the standard
permanganate solution of uncertain value in phosphorus if standardized
against metallic iron only; henee, it is better to check it against a stand-
ard steel, ore or pig iron, of known phosphorus content which should
be treated exactly by the method used in the regular analysis.

The widely extended use of this method shows, however, that, although
there is some uncertainty as to the nature of the oxide produced by
reduction, this possibly being different for different workers, by working
always in exactly the same way, the reduction is uniform, and hence the
titration is a reliable method for estimating the yellow precipitate,
and indirectly the amount of phosphorus.

Process of Analysis.—Wash the flask and phosphomolybdate

a half-dozen times with a 1 per cent nitric acid solution, then
ten times more with 1 per cent sulfuric acid solution, or until
every trace of HNO; and iron is gone. Now set the funnel in
the flask and dissolve the precipitate back into it with dilute
NH,OH (1:4), using altogether 30 c.c. To save time, some
- chemists puncture the filter and wash the precipitate through
with water. Wash the filter, using as little water as possible.
Finally, wash the filter again with NH,OH, then with water.
Now add 80 c.c. of dilute H.SO,4 (one volume to four of water)

to the filtrate and then 10 grams of pulverized zinc.

The zinc should be fine enough to pass a 20-mesh sieve and
must be as free as possible from iron. The very pure zinc now
furnished for this process will sometimes act very slowly. To
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make it act promptly it should first be platinized as follows:
Treat a quantity of the zinc with water, slightly acidulated with
H,SO; and containing a few drops of a solution of PtCl,. After
the reaction has proceeded a few minutes, pour off the liquid and
wash the zinc thoroughly with water; dry it and preserve it in
a glass-stoppered bottle. The almost infinitesimal trace of
platinum precipitated on the zinc by this treatment causes the
reaction to be rapid and powerfully reducing on the MoQ;,

Now warm till rapid effervescence ensues and heat gently
10 minutes. At the end of this time reduction will be complete.

Filter promptly through glass wool packed tightly in a funnel,
and wash well with water. Care must be taken that no zinc
passes through the mat of glass wool.

Now run the permanganate into the dark-colored filtrate until
the color is discharged, and the last drop gives a faint pink tint,
marking the end of the reaction.

There is always some impurity in the zine, hence it is essential
to make a blank test, using the 30 c.c. of NH,OH, the 10 grams
of zinc and 80 c.c. of sulfuric acid as before, but omitting the
yellow precipitate. The filtrate in this test will always consume
a small amount of permanganate, which must be determined
and deducted from the amount taken in the regular determina-
tion, the difference being the permanganate solution equivalent
to the yellow precipitate.

In working this process it is important to check it from time
to time upon material similar to that to be analyzed, and in
which the phosphorus has been determined gravimetrically.

Standardization of the Permanganate Solution.—The only
strictly accurate method for the standardization of the perman-
ganate is to use an iron or steel sample of known phosphorus
content, such as the samples furnished by the U. S. Bureau of
Standards or one which the analyst has carefully analyzed,
using the gravimetric method, weighing the phosphorus as
magnesium pyrophosphate.

Heat 1 liter of water to boiling and add dilute KMnO, until a
faint pink appears. Cool to room temperature and dissolve
3.462 grams of pure permanganate in 500 c.c. of water, then dilute
to a liter. Proceed with the determination of phosphorus in a
stundard sample as directed above. The amount of phosphorus
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in the sample used divided by the number of cubic centimeters of
the permanganate solution used for titration gives the strength
of the permanganate in terms of phosphorus. The standardiza-
tion should be repeated at least three times.

Fairly accurate standardization of the permanganate can be
secured by using the standardization results as obtained accord-
ing to directions on page 37 for the standardization of permangan-
ate against iron. The calculation is as follows: The 12 MoO; of
the yellow precipitate when reduced by zine theroretically becomes
6Mo0:03, according to the reaction 12MoQ; + 36H =6Mo,0; +
18H,0, but practical experience shows that only 34H is used in
the reaction. As 34 atoms of hydrogen have a reducing power
equivalent to that of 34 atoms of divalent iron, it will take the
same amount of permanganate to oxidize one gram molecule of
the reduced phosphomolybdate back to its original condition
as will be required to oxidize 34 gram atoms of ferrous iron to
ferric iron. Therefore, these relationships can be expressed
mathematically as follows:

P =(NH,);P0,.12Mo00Q; =34Fe and, consequently, the relation-
ship betweeen the iron value of the permanganate and its phospho-
rus value is: phosphorus value =iron value X31+34 X 55.84 =iron
value X0.01634.

To make a solution of such strength that 1 c.c. equals 0.01 per
cent of phosphorus on a l-gram sample, note that 2 molecules
of permanganate will yield oxygen thus: 2KMnO,+3H:S0,=
Ky80,+2MnS0O4+3H.0+50. That is, 2 molecules of per-
manganate will give up 5 atoms of oxygen. Therefore, to
yield 17 atoms of oxygen, which is the amount required to oxidize
1 molecule of the reduced yellow precipitate (equivalent to 1
atom of phosphorus) requires 17 X 25 or 644 molecules of KMnO,.
Therefore:

6+ KMnO,4:1P.::X:0.0001,
or 1,074.6:31.04::X:0.0001. X equals 0.003462 gram KMnO,
per cubic centimeter, or 3.462 grams per liter.

TITRATION OF THE YELLOW PRECIPITATE WITH STANDARD
ALKALI

This method is, in the writer’s opinion, the best for steels or samples
low in phosphorus. It is both rapid and accurate. It avoids the reduc-
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tion and consequent uncertainty as to the oxide produced. The
reaction may be written as follows:

12M003, (NH{)3P04 + 23NaOH = 11N&2M004 + (NH{) 2M004 +
Na(NH,)HPO, + 11H.0

Hundeshagen has shown that 23 molecules of NaOH are required
to neutralize 1 molecule of yellow precipitate. This gives a ratio of
1 atom of phosphorus to 23 molecules of NaOH or, by weight 31, of P to
921.15 of NaOH, or 1:29.71. The alkali solution must be free from
carbonate which would interfere with the end reaction. The best
indicator is a dilute alcoholic solution of phenolphthalein. The alkali
solution should be standardized against pure yellow precipitate carefully
dried to constant weight at 150°C. As this substance is rather hygro-
scopic, it should be redried every time it is used. It is still better to
standardize against a standard steel.

To prepare the yellow precipitate for standardizing, precipitate a
dilute solution of Na,HPO,; by an excess of molybdic acid solution,
first acidifying the phosphate solution with HNO,;.  Wash the precipitate
carefully with water and dry it as dirceted. Determine the phosphorus
in a portion of it gravimetrically. It should contain 1.63 per cent of
phosphorus.

Process of Analysis.—Wash the precipitate of phosphomolyb-
date obtained as directed on page 55 with a 2 per cent solution
of HNO; until the iron stain is removed from the filter paper,
then with a 2 per cent solution of KNO; until the washing does
not turn blue litmus paper red. Put the filter containing the
precipitate back into the flask in which the precipitation was
made, and add to the flask and its contents a measured quantity,
usually 10 or 20 c.c. of standard NaOH. Dilute to 50 c.c. with
CO, free water, add 2 drops of phenolphthalein; shake to disinte-
grate the filter and dissolve the precipitate, and then titrate the
excess of alkali with standard acid. Finally, add standard
alkali until the pink just reappears. The difference between the
number of cubic centimeters of nitric acid equivalent to the soda
solution used and that required in the titration will be the nitrie
acid equivalent to the phosphorus; and if the nitric acid is of
correct strength, each cubic centimeter will represent 0.01
per cent of phosphorus.

In dissolving yellow precipitate by standard alkali, always keep
the liquid cool and the solutions dilute, as ammonia is set free
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in the reaction and is liable to be lost by volatilization if the

liquid is concentrated. This would cause error in the nitric acid
titration.

REFERENCES ON THE TITRATION METHOD:
J. Anal. App. Chem., 6, 82,
J. Anal. App. Chem., 8, 204.
J. Anal. App. Chem., 8, 242
Z. anal. Chem., 28, 171.
Stahl u. Eisen, 28, 297,
“Methods of the U. 8. Steel Corporation.”

Preparation of the Solutions. Standard Sodium Hydroxide and
Standard Nitric Acid.—One-tenth normal solutions may be used.
In this case 1 c.c. NaOH is equal to 0.000135 gram phosphorus.

It is more convenient to have a solution of such a strength that
1 c.c. equals 0.0002 gram phosphorus; then, if 2 grams of steel are
taken for the analysis, each cubic centimeter of hydroxide solution
will be equivalent to 0.01 per cent of phosphorus. To make
such a solution, proceed as follows:

Dissolve 15.4 grams of NaOH as free as possible from Na.CO;
in about 200 c.c. of water. Now add a saturated solution of
Ba(OH). as long as a precipitate forms. Filter at once from the
BaCO; and dilute to 2 liters. This solution will be a little too
strong. Now preparc an approximate HNOj; solution by dilut-
ing 20 c.c. of concentrated HNO; to 2 liters.  Fill a burette with
this acid and titrate it carefully against 10 c.c. of the NaOH solu-
tion. Next weigh 0.1226 gram of dry yellow precipitate (equal
to 0.002 gram of P) into a beaker; add 50 c.c. of water and 10 c.c.
of the NaOH solution, which should dissolve the precipitate to a
perfectly clear solution. Add 3 drops of phenolphthalein solu-
tion and titrate with the acid till the color vanishes. Finally,
add standard NaOH until the pink just reappears. The differ-
ence between the acid required for the NaOH and that required
in the second case is the number of cubic centimeters of the
HNO; equivalent to 0.002 gram of phosphorus. Now add
sufficient water to the dilute nitric acid to make 10 c.c. exactly
equal to 0.002 gram of phosphorus. Repeat the test with the
yellow precipitate and soda solution, using double the amount of
yellow precipitate and 30 c.c. of soda. If the nitric acid is not
exactly right, correct it by further dilution and repeat the test.
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Finally, dilute the soda solution until it is exactly equivalent to
the nitric acid.

As a check, the HNO; should also be standardized against
pure sodium carbonate (Na;CO;). Proceed as follows: Put 5
grams of the pure salt in a platinum crucible, cover the crucible
with a lid and embed the crucible nearly to the top in a sand-
bath and place a thermometer in the sand by the side of the
crucible. Heat the sand-bath until the temperature rises to
270 to 300°C., and keep it at that temperature for a half hour.
This is to drive out all moisture without decomposing the car-
bonate. Cool the crucible and contents in a desiccator. Weigh
out 0.212 gram of the carbonate, dissolve in 20 c.c. of distilled
water, add a few drops of methyl orange indicator and titrate
with the nitric acid solution until its color becomes distinctly
red when compared with the color of another solution of the
same volume containing the same amount of methyl orange and
a little sodium carbonate. If the nitric acid is exactly N/10,
just 40 c.c. should be required for the titration.

The nitric acid, if preserved in a tightly stoppered bottle,
keeps its standard indefinitely, but the soda solution will slowly
change on account of absorption of CO, by the slight excess of
Ba(OH). present and must be retested against the acid frequently.
This can be prevented by using a guard tube containing soda
lime. The soda solution also changes strength by attacking the
glass. This is avoided by paraffining the inside of the bottle.

In standardizing the acid and alkali, instead of taking yellow
precipitate directly, a sample of steel of known phosphorus con-
tent may be weighed out and treated as in the regular process.
It is well to check the solution finally in this way in all cases.

Phenolphthalein Solution.—Dissolve 0.2 gram of the indicator
in 200 c.c. of 95 per cent alcohol.

Methyl Orange Solution.—Dissolve 0.025 gram of the sodium
salt in 100 c.c. of water and add 0.70 c.c. of N/10HCI.

THE DETERMINATION OF PHOSPHORUS IN FERRO-ALLOYS AND
AiLLoy STEELS

These alloys present some difficulties in the determination of
phosphorus for two reasons: The alloy may dissolve with diffi-
culty and leave an insoluble residue, and the alloying element
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mnay interfere with the complete and pure precipitation of the
phosphomolybdate.

The only steels which require special treatment for solution are
those which leave a residue at any time during the treament,
such as certain chrome steels, steel containing a high percentage
of silicon, titanium or zirconium and tungsten steel.

The preliminary solution of chrome steel should be as in plain
carbon steel, except that the nitric acid trcatment must be con-
tinued until all carbides are in solution, a few drops of sulfuric
acid being added if necessary.

With steel containing a high percentage of silicon, the prelimi-
nary solution is carried on as usual, except that the HNO;solution
should be evaporated to dryness with HCl to remove SiO,,
then treated as for ores on page 49.

Steels containing much titanium or zirconium are apt to cause
difficulties, owing to the separation of titanium or zircon-
ium phosphates. In case these are in evidence after the final
digestion in HNQj;, the solution should be diluted with hot water,
digested for a longer period, filtered and the residue washed,
ignited, fused with sodium carbonate, and the water extract
of the melt added to the main solution.

Tungsten steel does not dissolve in nitric acid, and is treated as
follows:

Dissolve 1 to 3 grams of the sample in a porcelain dish provided
with a cover glass, with 20 c.c. of nitric acid (sp. gr. 1.42) and
60 c.c. of hydrochloric acid (sp. gr. 1.19). Heat gently until
the sample is decomposed and then evaporate to dryness.
Remove the cover glass and bake until the acid is completely
expelled. Cool, add 30 c.c. of hydrochloric acid (sp. gr. 1.19)
and warm until the soluble salts are dissolved. Dilute to 100 c.c.,
filter, wash with dilute hydrochloric acid (1:10) and evaporate the
filtrate to syrupy consistency. In the meantime dissolve the
tungstic acid on the paper in hot, dilute ammonium hydroxide,
washing the paper first with hot, dilute ammonium hydroxide,
then with hot, dilute hydrochloric acid. Render the solution
faintly acid, add 1 gram of alum, and then ammonium hydrox-
ide in slight excess. Boil for three minutes, filter, wash slightly
with hot water containing a little ammonium chloride and discard
the filtrate. Dissolve the precipitate in hot, dilute hydrochloric
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acid, add the solution to the main solution which is being evapo-
rated and proceed as directed for iron ores on page 50.

Vanadium steel offers no difficulty in solution but makes
necessary some precautions during the precipitation of phospho-
molybdate. Johnson has shown that the only precaution nec-
essary is to have a solution containing 40 to 50 per cent by volume
of strong nitric acid (sp. gr. 1.42) when the molybdate solution
is added to precipitate the phosphorus, otherwise analyzing for
phosphorus exactly as described on page 55 for steels. Indeced,
it is always safest to use this procedure, since so many steels
contain some vanadium. The errors resulting from the presence
of vanadium may also be avoided if the vanadium is reduced
from the pentavalent to the quadrivalent state just before
the molybdate solution is added. To do this proceed as directed
on page 55, cool to 20°C., add N /10 ferrous sulfate until the vana-
dium color is discharged, then proceed as usual for the precipi-
tation of phosphorus, except that the solution is kept cold and
given a much longer time for the precipitate to scttle.

Ferro-alloys present more difficulties than the alloy steels, both
because of difficulties of solution and the presence of large
amounts of interfering elements. In all cases it is best to use 0.5-
gram samples. The ferro should be pulverized as finely as
possible before weighing.

Dissolve ferromanganese in nitric acid, evaporate to dryness
and bake over the full heat of a Bunsen burner until the acid is
completely expelled, then treat exactly as directed for iron ores.

Dissolve spiegel and silico-spiegel in a mixture of 20 c.c. of
HCIl and 25 c.c. of 1:1 HNO,;, evaporate to dryness and bake and
then treat as for iron ores.

Treat ferrosilicon the same as silico-spiegel, except that the
solution should be made in a large platinum crucible or dish,
adding HF occasionally until the solution is complete. Add
5 c.c. of sulfuric acid and evaporate until fumes of SO; appear and
all HF is expelled. Transfer to a beaker, neutralize with ammo-
nia, make acid with nitric acid and proceed as usual.

Dissolve ferrovanadium in 30 c.c. of HCl and 30 c.c. of HNO,,
add 100 c.c. of HNO; (strong), evaporate to dryness and bake
intensely for several minutes. Dissolve in 35 c.c. HCI, evapo-
rate to 10 c.c., add 50 c.c. HNO;, evaporate to 10 c.c. and add
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10 c.c. more of HNO;. Heat and filter through an asbestos mat
in a Gooch crucible. Wash the brick-red V,0; with strong nitric
acid containing 2 per cent of phosphorus-free Fe(NQ;);. Evapo-
rate the filtrate to 10¢c.c. and again filter off V,0;. Evaporate to
10 c.c. a third time and filter if V;0; appears. The vanadium
is now reduced to so low a figure that the solution can be treated
as directed for vanadium steels.

Fuse ferrotitanium in a platinum ecrucible with 10 grams of
sodium carbonate and 1 gram of sodium nitrate, disintegrate the
cake by digestion with hot water until no hard particles remain.
Filter, wash with water, ignite the paper and sodium titanate
and again fuse with a small amount of sodium carbonate, disinte-
grate with water, filter and wash. The titanium remains on the
filter as sodium titanate while the phosphorus is in the filtrate.
Make the combined filtrates acid with HCI, evaporate to dryness,
dissolve in dilute HCI, filter off the silica and proceed as usual.

Fuse ferrochrome with 10 grams of sodium peroxide in a
nickel crucible lined with sodium carbonate. The temperature
is maintained below the melting temperature of the carbonate.
Cool, disintegrate the cake with hot water until no hard particles
remain, boil for five minutes to decompose the peroxide, make
acid with dilute H,SO4 and then alkaline with ammonia. The
phosphorus precipitates as ferric phosphate with the ferric
hydroxide. Filter, wash well with hot water, dissolve in HCI,
evaporate to dryness and proceed as usual.

Dissolve ferromolybdenum in a platinum dish with 20 c.c. of
HNO; 1:1. When the reaction ceases add 20 c.c. of 1:1 H,SO,
and a few drops of HF and evaporate until fumes of SO; appear.
Add 30 c.c. of water, heat and filter off any WO; present. Add
ammonia until slightly alkaline, evaporate if necessary to 50
c.c., add 50 c.c. of strong HNOj; and precipitate as usual.

Dissolve ferrotungsten with 10 c.c. of strong nitric acid in a
platinum dish, add HF a few drops at a time until the solution is
complete, add 10 c.c. of 1:1 H,SO,, evaporate until SO; fumes
heavily, cool, add 50 c.c. of 1:1 HCI, heat for a half hour, filter off
the WOy, evaporate to 10 c.c. and proceed as usual.

REFERENCES:
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CHAPTER V
THE DETERMINATION OF SILICON IN IRON

The metals in which silicon has most frequently to be determined
are pig iron, containing from 14 to 4 or 5 per cent; ‘“ferrosilicon,” con-
taining up to 30 per cent, steel with from traces to 1 per cent; and
wrought iron with small fractions of 1 per cent.

In all these the silicon is combined as FeSi, not as SiO., though there
may be a little SiO; included as intermixed slag, especially in wrought
iron.

All of these metals are soluble in HNQ; (sp. gr. 1.2) except ferro-
silicon, the silicon being oxidized to SiO,, which passes wholly or in part
into solution. Evaporation of the HNO; solution to dryness, baking
and re-solution in HCI renders this SiO. only partially insoluble, a
temperature of 250°C. not causing all the SiO. to separate. The
evaporation to dryness breaks up any soluble H,SiO; forming insoluble
SiO..

To accomplish the complete separation of the silica by this means it
is necessary to evaporate to dryness, bake as in the phosphorus deter-
mination, dissolve in HCI, filter and again evaporate to complete dryness,
expelling all the HCl. On taking up again in HCI, practically all of the
silica is left insoluble. After dilution the solution may be filtered from
the residue of silica + carbon, which after thorough washing, first with
HCI and then with water, may be ignited till the carbon is burned off,
and weighed.

The silica thus obtained is rarely pure, and must be treated with
H.S0, and HF, or must be fused and the silica separated from the fusion.
(See analysis of clays.)

Hydrochloric acid or aqua regia may be used to dissolve the metal
instead of HNO;, but they do not attack ordinary iron so rapidly.
Finally, solution in H:80, and HNO; and evaporation till fumes of
H3SO0, are given off will cause a complete separation of the silica.

REFERENCES:
For details of these various methods see—
Brair, ‘“Chemical Analysis of Iron” (nitric acid method).
TroiLius, “Notes on the Chemistry of Iron,” p. 35 (sulfuric acid
method).
Also Trans. Am. Inst. Min. Eng., 10, 162, et seq., and 187, et seg.
()
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When a nitric or hydrochloric acid solution containing silica is
evaporated with H,80, the volatile acids will be expelled, and if the
temperature is finally raised to near the boiling point of the concen-
trated acid, the silica is completely dehydrated and becomes insoluble.
Titanic acid, if present, passes into solution and the silica thus obtained
is pure. The following method, slightly modified from one published
by Dr. Drown, depends upon this fact. (Trans. Am. Inst. Min. Eng.,
7,346.)

Process for Pig Iron and Steel.—Weigh out 0.9386 gram of
pig iron or 4.693 grams of wrought iron or steel. Put into a
casserole or dish and cover with a large watch-glass. Add
carefully 30 c.c. of a cold mixture of 8 parts by volume of con-
centrated HNOj;, 5 parts of concentrated H,SO4 and 17 parts of
H,O (for the pig iron), or 100 c.c. of a mixture of 35 parts of
concentrated HNOj;, 15 parts of HoSO4 and 50 parts of H.O (for
the steel), or use the three-acid mixture given further on.

Warm till action ceases, then boil down rapidly on an iron
plate or over the bare flame until the Fe,(SO,); separates as a
white mass; continue the heating until dense fumes of sulfuric
acid are evolved. These have a peculiar suffocating odor, easily
recognized. Their formation indicates the total expulsion of
the HNOj;, and this is absolutely necessary in order to make the
silica insoluble. In the case of steel low in silicon it is necessary
to stir up the mass of ferric sulfate thoroughly or it may include
silica not dehydrated and so cause loss (DupLEY). There will
be danger of ‘““spattering” unless the heating is carefully done,
but if the dish is well covered, this need cause no loss.

Now let cool, then add 10 c.c. of concentrated HCl and wash
off the cover into the dish. Dilute to 150 or 200 c.c., cover, set
over a burner and boil until all Fe.(SO,); is dissolved. This can
be recognized by the disappearance of the silky precipitate in
the liquid. Continue the boiling for five minutes, as this will
cause the solution to filter more easily. Then wash off the cover,
and let the liquid stand until all the silica settles. Decant the
clear liquid through a 7-cm. ashless filter, previously washed out
with boiling water. Finally, transfer and wash the residue with
hot water. When partially washed, drop a little HCI on the
filter and residue, then wash again with hot water till the filtrate
no longer tastes acid. Without drying, transfer the filter to a
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crucible and ignite, gently at first, finally at high heat, until all the
carbon (graphite) is burned and the silica is white. If this is
done in a platinum crucible and over a blast lamp the burning
off of the carbon need not take more than a few minutes.

It is important that the temperature be low at first, not exceed-
ing a dull red until the paper and the amorphous carbon are
burned out, as overheating at first will cause the carbon to lump
together and it will then burn very slowly. During the final
heating over the blast lamp keep the crucible partly covered.
The burning may be hastened by directing a gentle current of
oxygen gas into the crucible, but if due care is taken this is not
necessary. If oxygen is used take care not to blow any particles
of silica out of the crucible by forcing in the gas too rapidly.

The weight of the silica in milligrams divided by 2 in the first
case or by 10 in the second gives the silicon in tenths of a per
cent.

Notes on the Process.—If the above directions are followed exactly
as to the dilution and boiling of the solution there will be no need of a
filter pump to secure rapid filtration. Boiling with a large excess of water
consolidates the silica so that it filters easily. The funnels and filter
paper should be carefully selected; the former should have long and
narrow stems that will fill with the liquid and produce a little suction.
The funnel angle should be 60 deg. A porous ashless paper like the
Muncktel “black label” is desirable. The precipitate of silica has no
tendency to run through, so that a dense paper is not necessary.

The filter should be kept full while filtering the solution as, if it is
allowed to empty, the paper will become clogged.

For pig iron and ferrosilicons, the following three-acid silicon, mixture
may be substituted for that already given, and will be found very
efficient:

Water. ... 150 c.c
Sulfuric acid, sp. gr. 1.84......................... 40 c.c.
Nitric acid, sp. gr. 1.42............. ... ... ... .... 80 c.c.
Hydrochloric acid, sp. gr. 1.19.................... 60 c.c.

Mix in the order given and preserve for use. Of this mixture 25 c.c. are
enough for the “factor weight”’ of pig iron (0.4693 gram). Evaporate
to strong fumes of H.804, cool, add a little concentrated HCI, then add
water and boil. With this mixture the silica filters particularly well.
With steel where the silicon is in very small amount it is necessary to test
its purity. Add a drop of H 80, to the silica in the crucible and
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then a few drops of pure HF or a few crystals of NH,F. Evaporate
to dryness over a low flame, not allowing the liquid to boil, and ignite
the residue strongly. The fumes of HF are poisonous, so the evapora-
tion must be made under a good hood. The silica passes off as volatile
SiF,. If any residue remains, weigh it and deduct it from the total
weight. The difference is SiO,.

The following process is sometimes used for furnace control instead
of the one just given.

The molten iron is chilled by pouring into water. This makes it
very brittle. It is then pulverized in a steel mortar, dissolved in HCI,
rapidly evaporated to dryness, taken up in HC], diluted and filtered.
Without drying, the filter is put into a platinum crucible, ignited in a
steam of oxygen and weighed. The time required for this process is
said to be 12 minutes.

In preparing the drillings for analysis, great care must be taken to
keep them free from sand. This is difficult in the case of pig iron,
drillings from which should usually be cleaned.

This is easily accomplished by folding a sheet of paper over a magnet,
then picking up the metal against the paper. The sand and other
foreign particles are left behind. On drawing the magnet away from
the paper, the drillings will fall off and can be collected on a clean sheet
of paper. All the drillings must be gone over and no considerable
residue should remain. If much graphite-like substance is separated,
it may hold silicon belonging to the sample.

The drillings should be fine. Large fragments of metal dissolve
slowly and may be left as hard grains in the silica, of course vitiating
the result. If these lumps remain, add more acid and heat slowly until
they dissolve.

Ferrosilicons may need to be pulverized till they go through bolting
cloth before they will dissolve.

In weighing out, great care must be taken to secure an average of
fine and coarse, as these usually differ in percentage of silicon.

To avoid unnecessary calculation, it is usually convenient to weigh
out the ‘“factor weight” of the metal. SiO; contains 0.4693 Si; hence,
if that weight in grams is taken for the analysis, each milligram of silica
will indicate 1{, per cent. In low silicon irons or steel, 0.9386, or some
other multiple of the factor, may be used.

Determination of Silicon in Ferrosilicon.—This material is
not easily attacked by any of the above mixtures. If not too
high in silicon, it can usually be dissolved by prolonged boiling
with aqua regia, adding fresh acid from time to time. Finally,
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add 25 c.c. of dilute (1:3) H,SOQy, evaporate until fumes of sul-
furic acid appear, and then finish as in the regular process.

Samples with over 10 per cent silicon and which aqua regia
will not dissolve are, according to Williams, best treated by fusing
with six or eight times their weight of dry Na,CQ; Then pro-
ceed with the fusion, as in the determination of silica in a lime-
stone. The metal must be very finely pulverized and not more
than 0.5 gram taken. (WiLLiams, Trans. Am. Inst. Min. Eng., 17,
542.) See directions for ferrotitanium on page 65.

Instead of Na.COj; alone, a mixture of Na,CO; and NaNO;
or Na,0, may be used and the fusion conducted as described on
pages 105, 136. But these reagents are much more injurious to
the platinum than the carbonate, though more fusible and more
rapid in their action. A nickel crucible may be used with Na,Os.

Determination of Silica in Admixed Slag in Steel.—It is sometimes
necessary to distinguish between the silicon combined in the steel as
silicide and that combined as admixed slag. The following method
depends upon the fact that iron is dissolved with iodine, while slag is
unattacked. Silica formed from the silicide is soluble in caustic soda.

Process.—Place 5 grams of the drillings in a beaker, put the
beaker in a dish filled with ice or snow and pour over the drill-
ings 25 c.c. of ice-cold water. Add gradually about 30 grams of
resublimed iodine, stirring until the iodine is all dissolved. Keep
the beaker covered with a glass and constantly surrounded with
the scraped ice or snow. Stir the solution frequently, until the
iron is all dissolved. Then add 100 c.c. of cold water; allow the
insoluble matter to settle and decant the liquid through a small
filter. Wash the insoluble residue several times with water by
decantation. If any metallic iron remains, give the residue a
further treatment with iodine. Transfer the insoluble matter
to the filter, wash once with 1:20 HCIl, then wash well with water
a dozen times. Wash the residue on the paper back into a plat-
inum dish, add enough NaOH to make a 10 per cent solution
and heat to boiling for several minutes. This dissolves any
precipitated silica formed from the silicide of the steel. Decant
the liquid through a small filter, and again boil the insoluble
matter with 50 c.c. of 10 per cent NaOH solution. Filter this
through the same paper, wash several times with hot water and,
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finally, wash with dilute HCI (1:20) and again several times with
hot water. Ignite and weigh as slag and oxide. In this then
determine the silica as in a steel.

Silicon in Other Ferro-alloys.—Determine silicon in ferroman-
ganese as directed for spiegel, in electroferrosilicon by the fusion
method, using sodium peroxide in a nickel crucible. In ferro-
titanium proceed as directed for spiegel, always finishing with the
treatment of the silica precipitate, since it will contain a large HF
amount of TiO,. Dissolve ferrochromium in dilute H,SO, and
evaporate to fumes of H.S0,, dissolve in water and filter, fuse the
residue with sodium carbonate, dissolve in water, acidify with
H.S0,, evaporate to fumes and proceed as usual. Fuse ferro-
vahadium in a platinum crucible with 6 grams of sodium carbon-
ate and 14 gram of sodium nitrate, dissolve in water, acidify
with H,SO,, evaporate and proceed as usual. Ferrovanadium
low in silicon is soluble in acids and need not be fused.
Ferromolybdenum is soluble in nitric acid also and is analyzed
as ferromanganese. Fuse ferrotungsten with sodium peroxide in
a nickel crucible, keeping it molten for five to ten minutes,
dissolve in hot water, acidify with H,SO,, add 10 c.c. of phos-
phoric acid (sp. gr. 1.72), evaporate to fumes of H,SO;, dissolve
in dilute HCI, filter, wash, ignite and weigh the impure SiO,, then
purify with HF as usual.

REFERENCE:
U. S. Steel Corporation, “Methods for Analysis of Ferro-alloys.”



CHAPTER VI
THE DETERMINATION OF MANGANESE

There are two classes of material to be considered: first, ores, slags
and metals high in manganese, such as manganite and ferromanganese
containing from 15 to 90 per cent; second, ordinary iron ores, pig irons
and steel, containing from a trace up to about 3 per cent of manganese.
These call for a somewhat different treatment. )

Manganese is present in ores chiefly as the minerals pyrolusite (MnO,),
magnanite (MnO(OH)) and other oxide minerals containing Mn,Os
and Mn;0, the carbonate, rhodochrosite, the silicate, rhodonite,
and other less important minerals. In iron and steel the manganese
is present partly as the sulfide (MnS) and the carbide (Mn3zC); the rest
of the manganese is in solid solution in the iron. Manganese is added
intentionally in steel making to decrease the evil effects of sulfur by
forming MnS, to deoxidize the iron forming MnO which goes chiefly
into the slag and, in addition, the manganese greatly effects the proper-
ties of iron by its effect on critical temperatures.

Manganese may be determined by ecither the gravimetric or volu-
metric methods. When gravimetric methods are used the manganese is
separated from ron and other elements by taking advantage of the fact
that MnO; is insoluble in nitric acid; or the iron and other common
metals, such as aluminium and titanium, are separated from the
manganese by precipitating them by hydrolysis, the manganese
remaining in solution. The manganese may be finally precipitated as
manganese ammonium phosphate.

Volumetric methods depend upon the fact that manganese may exist
in solution in the di-, tetra-, and heptavalent conditions. When proper
conditions in solution prevail it is possible accurately to measure the
amount of manganese in solution by measuring the amount of standard
reagent required to change the manganese from one condition of valence
to another.

THE Basic ACETATE PROCESsS

This process is widely used as a standard method, especially in rock
analysis. It depends upon the precipitation of ferric iron, aluminium,
titanium and zirconium by hydrolysis in slightly acid solution, thus sepa-

72
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rating these elements from manganesc. The separation is satisfactory
only under carefully controlled conditions, hence the process must be
operated very precisely as to details.

When ammonium hydroxide is added to a hydrochloric acid solution
of iron ore until the acidity is reduced to a very low value, the solution
becomes very dark red in color, owing to the formation of a basic chloride
of iron, the iron remaining unprecipitated even when the relationship
corresponds to one part of ferric chloride to ten parts of ferric hydroxide,
although the solution still reacts acid to litmus. If sodium or ammo-
nium acetate is added to this solution the acidity is still further reduced,
owing to the mass action effect of the large concentration of scetate ion
upon the very weakly dissociated basic acetate of iron which hydrolizes
thus. Fe,(CzH;,Og),,(OH), + yHOH: = XFO(OII)z + yH02H302 + ZH20.
The acetic acid liberated by the hydrolysis has its hydrogen ion con-
centration so reduced by the mass effect of the acctate present that the
precipitation of the ferric hydroxide and aluminium hydroxide goes to
completion. Under these circumstances the manganese does not pre-
cipitate nor do nickel, zine, cobalt and copper. The separation is not
entirely perfect, hence for the best results a double precipitation must be
made.

It has been shown by Lundell and Knowles that the separation of
manganese and nickel from iron and aluminium, when the latter are
present in moderate amounts, can be satisfactorily carried out by the
use of ammonia under closely controlled conditions.

THE AcETATE PROCEsS FOR ORES LLow IN MANGANESE

In this case it is desirable to work upon large amounts of material.
The filtration and washing of a large basic acctate precipitate is very
troublesoine, and can be avoided by taking an aliquot part of the solu-
tion after the precipitate has settled. The error introduced by neglect-
ing the volume of the precipitate is inappreciable when the percentage of
manganese is small.

A single precipitation of the iron is entirely sufficient, provided care
be taken to avoid excess of sodium acetate.

Extreme care in measuring the solution, as well as in keeping the
temperature constant, is also superfluous when less than 3 per cent of
manganese is present and the volumes are kept large; 10 c.c. on a liter
causing an error of only 0.03 per cent.

The precipitate by bromine is MnO.. On ignition at moderate
temperatures with ample access of air, it changes principally to Mn;O,,
though the exact nature of the oxide produced varies with the condi-
tions of heating. This precipitate also usually retains small amounts



74 METALLURGICAL ANALYSIS

of sodium salts. For these reasons the pereentage of manganese which
it contains is always a little uncertain. As the variations arc limited to
a small percentage of the weight of the precipitate, the results obtained
by weighing it directly will be sufficiently accurate for all ordinary work,
where but little manganese is present. The method separates Fe, Ti,
Zr and V from Mn, Ni, Cu, Zn.

Process of Analysis.—Dissolve 4 grams of the ore in 30 c.c.
concentrated HCI exactly as in the iron assay. If there is any
ferrous iron present, add about 1 cc. of HNOj; to convert it com-
pletely to ferric chloride. Boil the solution until the excess of
HNO; is decomposed and the chlorine expelled. The evapora-
tion need not go so far that insoluble iron salts separate; should
such form, add more IICl and heat until they dissolve. Add
water, warm and filter from the residue.

Take a large Erlenmeyer flask, one which will hold when quite
full 2,400 c.c. Dry it, then measure into it exactly 2,000 c.c. of
water; this should reach up into the narrower portion of the flask.
Paste a thin strip of paper on the glass to indicate exactly the
level of the liquid. The flask must be set on a level desk, and the
place it stands on as well as the position of the paper mark noted,
so that it can be subsequently returned to the same position.

Now transfer the solution of the ore to the flask, and dilute
it to about 1,700 c.c. Then add a saturated solution of Na,COj3
gradually until the liquid begins to grow dark red. Continue to
add the reagent drop by drop, shaking the flask after each addi-
tion until the liquid is very dark in color and the precipitate
formed redissolves very slowly. The object is to reach a point
just short of that at which the iron is precipitated. The opera-
tion requires practice. Should the point be overstepped, add a
little HCI, and when the liquid becomes clear, neutralize again;
but in this case, in the writer’s opinion, the iron precipitate is
more likely to contain manganese.

Now add 6 grams of pure sodium acetate. Set the flask on a
hot plate and boil the solution vigorously.

The iron should immediately separate as a bulky, red precipi-
tate. If it fails to do so at once, drop in very cautiously a dilute
solution of ammonia until the separation is complete. Now boil
a few minutes longer, then remove the flask to the place where it
stood when it was graduated, placing it in the same position, and
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fill it exactly to the mark with cold water. Stir the liquid
thoroughly with a long rod, then let it settle. As soon as it is
clear pour off 1 liter into a graduated flask. This whole operation
can be done so quickly that the liquid will not cool materially.

Filter the measured portion of the liquid. The filtrate should
ke colorless and distinetly acid to litmus paper.

Concentrate the filtrate to about 500 c.c. Add 5 grams of
sodium acetate and boil. Should any precipitate form, filter it
off, dissolve it in HCIl containinga little oxalic acid and add
ammonia until methyl red just turns yellow. Boil this liquid,
filter from any precipitate and add the filtrate to the main solution.

Finally, add bromine water, warm until the MnO, settles com-
pletely, filter, wash well with hot water, ignite and weigh as
Mn;0, containing 0.7203 Mn. Calculate the result on 2 grams
of ore taken. The Br precipitates the Mn through the reaction
2Br+ MnCl; +2H,0 =MnO,+2HCIl+2HBr.

Should the ore leave but little residue, this need not be filtered
off, but may go into the flask with the solution. In applying,
this process to slags and ores containing decomposable silicates,
the HCI solution must be evaporated to dryness, taken up again
in HCl, HNOj; added and boiled off as usual.

If the ore contains large amounts of Ca, Mg, Zn, etc., the precipitate
will be contaminated with manganites of these metals. The precipitate
should be dissolved in HCI, made alkaline with ammonia, H,S added, the
MnS filtered, washed, ignited, converted to MnSO, with H3SO, ignited
to 500°C. and weighed as MnSOy, which is very accurate.

The ferric precipitate obtained as above will always carry with it
a small amount of manganese which can be separated by dissolving in
hydrochloric acid and making a second precipitation. A better way,
however, is to dissolve the hydroxides in sulfuric acid, evaporate to
fumes of 8O3, dissolve in water and determine the manganese as directed
under the bismuthate-arsenite method.

The acetate process can be applied to pig iron and steel but is seldom
necessary or advisable.

Separation by Ammonia.—Dissolve the ore as directed for
the acetate process, add enough HCI to make 5 grams of ammo-
nium chloride per 200 c.c. of solution, add 10 drops of a 2 per cent
alcoholic solution of methyl red, dilute to 250 c.c. per gram of
sample used, heat to boiling and add dilute ammonium hydrox-
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ide until the color just changes to a distinct yellow. Boil two
minutes more, filter and wash with hot 2 per cent ammonium
chloride solution. Dissolve the precipitate and repeat the
precipitation. In the filtrate precipitate the manganese with
bromine as under the acetate process. Filter, wash the man-
ganese dioxide with hot water, ignite and weigh as Mn3;0,4. This
process is satisfactory in the absence of nickel and cobalt.
The MnO; may be evaporated with H,SO,, heated to 500°C.
and weighed as MnSO,.

Should the ore contain nickel or cobalt, these will contaminate
the manganese precipitate and the results will be inaccurate.
In this case the precipitate of MnO; must be redissolved in HCI
containing a little sodium sulfite. The solution is boiled until
free from SO,, then cooled and nearly neutralized by Na,COs,
a little sodium acetate added and the nickel and cobalt precipi-
tated by H,S. In the filtrate from these sulfides the manganese
can be determined either by precipitation with bromine or as
phosphate.

REFERENCE:
Bruwm, J. Am. Chem. Soc. (1916), 2, 12.

CHLORATE METHOD FOR MANGANESE

When potassium or sodium chlorate is added to a solution of
manganese in hot concentrated HNOj;, the manganese is all precipitated
as MnO,;. To secure complete and rapid precipitation the chlorate
should be added to the boiling solution in successive small portions, the
HNO; must be in large excess and concentrated, HCl must be absent
and there must be at least as much iron as manganese in the solution.
The precipitate may be filtered off on an asbestos filter and washed with
concentrated HNQ;. MnO; is entirely insoluble in cold concentrated
HNO;, provided this contains no lower oxides of nitrogen (‘“‘red fumes”);
if these are present, that is, if the HNOjsis not perfectly colorless, the MnO,
will be reduced and dissolved.

After washing, the precipitate may be redissolved and the manganese
determined gravimetrically as pyrophosphate or sulfate or volumetri-
cally by measuring the oxidizing power of the MnO, on ferrous sulfate
or oxalic acid, or hydrogen peroxide.

The reactions of the chlorate are:

2KCl10; + 2HNO; = 2KNO; + H;0 + Cl,+50.
5Mn(NOs)2 + 50 + 5H,0 = 5MnO; + 10HNOs.



THE DETERMINATION OF MANGANESE 77

The precipitate contains a little iron but is free from other impurities.

When the solution to which the chlorate is added contains any HCI,
this is first acted upon and broken up before the MnO; will separate,
chlorine being driven off and water formed by the oxidation. This
will result in weakening the HNOj3, and hence, in this case, more HNO;
must be present to prevent too great loss of strength.

The method is especially adapted to the determination of manganese
in stecls and irons low in silicon and dissolving in HNOj; without residue.

If SiO, is present in the solution, it may separate in a gelatinous
form which prevents filtration and coats the particles of the precipitate
s0 that they dissolve with difficulty. It should be removed by the
addition of a few drops of hydrofluoric acid to the liquid after the pre-
cipitation of the MnO,. Sodium chlorate is preferable to potassium
chlorate because its greater solubility makes it easier to wash out of
the precipitate.

Process for Steel Low in Silicon.—Dissolve 5 grams in 60 c.c.
HNO; (1.2 sp. gr.) in a 200-c.c. beaker. Evaporate to 25 c.c.,
then add 100 c.c. of colorless concentrated HNO,;. Set on an iron
plate and heat to incipient boiling. Now drop in powdered
NaClOQ; or KCIQ;, a little at a time, adding each portion when
the effervescence produced by the preceding portion has ceased.
By the time 2 to 214 grams have been added the MnO, will have
separated as a fine brown powder. Now add 15 gram more of the
chlorate and boil gently for 10 minutes. If any SiO, is present
in the solution after three or four minutes boiling, add a few drops
of pure HF. Then add 1 gram more of the chlorate and 25 c.c.
concentrated HNO; and boil 10 minutes longer. Remove from
the plate and cool by setting the beaker in water. When the
MnO; has settled, filter without dilution, through an asbestos
filter in a Gooch crucible. Finally, transfer the MnO, to the
filter and wash beaker and filter with colorless concentrated HNOs,
three or four times, or until the filtrate is colorless. This can be
done without using more than 15 or 20 c.c., adding only a little
each time and letting each portion run through before adding
the next. Finally, wash with a little cold water. If the HNO;
is colored by lower oxides of nitrogen (from standing and the
action of light), it can be purified by blowing a strong current of
air through it until it becomes colorless.

After washing the MnQ; with cold water till the acid taste is
gone from the filtrate (letting each successive portion of water
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run entirely through before adding the next, so as to not use in
all more than 20 c.c.), wash the asbestos and precipitate back
into the beaker (which always has some MnQO, adhering to it).

Volumetric Determination of the Mn.—This process consists in
dissolving the MnO; in a measured excess of an acid solution of ferrous
sulfate of a known strength. KEach molecule of MnO; changes two
molecules of ferrous sulfate to ferric sulfate. The amount of fer-
rous sulfate remaining is then determined by a standard solution of
potassium permanganate. The reactions are as follows:

1. MIIOQ + 2F0804 + 2II2SO4 = MDSO4 + Fez(SOA)s + 2H20.
2. IOFeSO4 + 2KMIIO4 + 8112804 = 5F82(SO4)3 + KzSO4+2MnSO4+
8H.0.
The process requires, first, a solution of potassium permanganate of
a known strength; second, a solution of ferrous sulfate in dilute sulfuric
acid. The strength of this is determined by titration with the perman-
ganate solution.

Preparation of the Permanganate Solution.-—Dissolve 1.151
gram of pure KMnQ, in water and dilute to 1 liter. One cubic
centimeter of this solution will have the same oxidizing power
as 0.001 gram of manganese in the form of the brown precipitate
(MnO,). Check the solution against pure iron or pure ammo-
nium ferrous sulfate, (NH,).Fe(S0,):6H-0, in exactly the same
way as directed for the standardization of KMnO, on page 37.
A better way is to use a standard ore.

Preparation of the Ferrous Sulfate Solution.—Dissolve 20.18
grams of pure crystallized ferrous sulfate (FeSO,7H,0) in about
500 c.c. of water, to which 25 c.c. of concentrated H:SO, has been
added, and then dilute to 1 liter.

Determine its strength against the permanganate solution by
measuring 15 c.c. with a pipette into a beaker, adding about
25 c.c. of water and 1 c.c. of H.SO, and then running in the per-
manganate till the pink color is permanent. About 30 c.c.
should be required. This value must be determined frequently
as the solution of ferrous sulfate alters rapidly from the oxidizing
action of the air. In large amounts it is best kept in a carboy
with some aluminium wire. The solution can be preserved in
this way for some time with but little alteration, and can be
drawn out by a siphon as needed.
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From the two formulas already given we have the relations
between the MnO,, FeSO4 and KMnQ, as follows:

One atom of Mn in the form of brown precipitate (MnO.) will
oxidize two atoms of Fe as ferrous sulfate. Two molecules cf
permanganate will oxidize ten atoms of Fe as ferrous sulfate,
that is to say, two molecules of permanganate will oxidize the
same amount of iron as will five molecules of MnO; containing
five atoms of manganese.

Knowing the iron value of the KMnO, and FeSO, solutions,
the manganese values are easily calculated from the proportion—
Mn:2Fe = 54.93:2X55.84 =0.4918.

Determination of the MnO,.—To the asbestos and MnQ; in
the beaker, add the solution of ferrous sulfate from a burette
5 c.c. at a time until, after stirring and warming, the MnO, is
completely dissolved. It is best to take the same burette used in
standardizing. Break up all lumps of asbestos and precipitate
with a glass rod, as they may cnclose undissolved particles of
MnO;. Now add a little water and run in the permanganate
solution till a pink color is produced, not disappearing under two
or three minutes. Read the burette and deduct the amount
used from that to which the amount of ferrous sulfate taken
would have been equivalent; the difference is equivalent to the
Mn present in the precipitate. This, corrected by the factor
for the permanganate solution, will give the amount of Mn in
milligrams.

As an example: Suppose that 5 c.c. of ferrous sulfate solution equaled
9.6 c.c. of permanganate solution, and 10.3 c.c. permanganate equaled
0.1425 gram of ammonium ferrous sulfate. If 15 c.c. of ferrous sulfate
solution were added to dissolve the MnOsand the permanganate required
to oxidize the excess was 4.5 c.c., then the calculation is as follows:

3X9.6=28.8=the permanganate equivalent to the FeSOy used.
4.5=the “titer back.”
24.3 =the number of cubic centimeters of permanganate
equivalent to the precipitate.
24.3:z = 10.3:10 (z being the true amount of correct permanganate) .
x = 23.6 = 0.0236 gram Mn in the precipitate.

Process for Ores.—Take 5 grams. Dissolve in 50 c.c. of con-
centrated HCIl, evaporate to dryness, avoiding a temperature
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above 100°; add 20 c.c. HCI, and then water. When dissolved,
filtér into a No. 2 beaker. Add 50 c.c. concentrated HNOs;,
evaporate to a syrup, then add 100 c.c. of concentrated HNO,
and proceed as before. )

Process for Pig Iron.—Dissolve 5 grams of the metal in HN-
O; (sp. gr. 1.2) taking about 60 c.c. Then add 25 c.c. HC], evap-
orate to dryness and bake. Dissolve in HCI, filter from the
SiO,, and to the filtrate add 0.2 gram ammonium fluoride or a
few drops of hydrochloric acid. Then add 50 c.c. of HNO;.
Concentrate to a syrup add 100 c.c. HNO; and proceed as before.
The hydrofluoric acid expels traces of SiO, from the solution
and greatly accelerates the filtration from the MnO, (E. F.
Woob).

The above process, carefully conducted, is capable of giving
very accurate results, but it requires practice and should be tried
on metals in which the manganese has been carefully determined
by another method until the two give concordant results.

REFERENCES:
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Am. J. Sci., b (4), 260

J. Anal App. Chem., 2, 249.

Process for Materials High in Manganese.—The writer pre-
fers to use a gravimetric method on these materials, as follows:
Transfer the washed MnO, and asbestos mat to a beaker, dis-
solve the MnO, with 10 c.c. of HCl in 100 c.c. of water and with
the addition of enough H,0. to completely dissolve the MnOs,,
boil until the H,0, is completely destroyed, add a few drops of
methyl red and then ammonia until the color turns yellow. Boil
for two minutes, filter off the asbestos and small amount of iron
which has precipitated and wash with 1 per cent of ammonium
chloride solution. Add bromine to the filtrate, heat to boiling,
filter off the MnO, and wash with hot water 10 times. Wash
the precipitate into a weighed porcelain or silica dish, burn the
filter paperand add the ash to the dish, add 10 c.c. of 1:3 H,SO, and
H20; until the MnO, all dissolves, evaporate to drynessand finally
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ignite to constant weight in a muffle just below red temperature,
cool and weigh. The increase in weight is manganese sulfate
(MnSO,) containing 0.3638 manganese.

It has been shown by Blum and also by Huber that the method
of weighing manganese as manganese sulfate is a method of high
precision when care is taken to ignite at a temperature of 500 to
550°C.

REFERENCE:

HusEeRr, Z. anal. Chem., 61 (1922), 103-107.

The Knorre Method for Manganese.—This method depends
upon the precipitation of manganese as MnO, from an H.SO,
solution by means of (NH,)»S:0s and avoids the unpleasant
fumes produced by the chlorate method. As in all methods
depending upon the precipitation of MnQO,, the presence of co-
balt interferes as the cobalt precipitates with the manganese.

Process of Analysis.—Proceed exactly as directed in the
Volhard process until the fumes of sulfuric acid are obtained.
Dilute with water to 200 c.c., add H,SO, if necessary to make a
5 per cent solution, add 10 grams of ammonium persulfate and
boil 15 minutes. Cool, add 5 grams more and boil five minutes.
Filter off the MnO;, wash and determine the manganese as pre-
viously directed either volumetrically or gravimetrically.

REFERENCE:

NicorLaroor, Ann. Chem. Anal. Chem. Appl. 4 (1922), 102-110;
cf. C. A. 18, 1719.

VoLHARD’S PROCESS FOR MANGANESE

This is a volumetric process depending upon the reactions between
potassium permanganate and manganous salts by which all the manga-
nese is precipitated as MnO..

3MnSO4 + 2KMII04 + 2H20 = 5Mn02 + 2KHSO4 + HzSO4.

The method is especially applicable to high manganese ores. For
low manganese ores and for iron and steels, the bismuthate-arsenite
method is best. .

The solution must be neutral or very nearly so. The titration must
be made with the solution nearly at the boiling point and very dilute or
the precipitate will not settle quickly and it will be difficult to see the
end reaction. For the same reason the solution must be vigorously
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shaken or stirred and the permanganate added rather slowly, especially
at first. Too rapid addition of the permanganate will cause the MnO,
to precipitate on the glass, forming a firmly adherent yellow-brown
stain which makes it very difficult to see the final pink color produced
by the excess of permanganate when the titration is finished.

The permanganate solution used in the iron assay will serve for
manganese. If 1 c.c. equals 0.01 Fe, then 1 c.c. will equal 0.002951 Mn.

In this process the iron is separated from the manganese by means of
zine oxide. ZnO precipitates the iron completely as hydroxide from
a dilute solution of ferrie sulfate, while manganese sulfate is not affected
and remains in the solution.

Sufficient ZnO must be added to neutralize any free sulfuric acid
present as well as to precipitate the iron.

The separation of the iron is really due to hydrolysis, the ZnO serving
to keep the solution neutral. The reaction is:

Fey(S04)s 4 3Zn0O + 6HOH = 2Fe(OH); 4 3ZnS04 4 3H,0.

The ZnO must not contain any alkali, as NasCOj;, as this would
precipitate manganese.

Process for Ores.—Weigh 1.00 gram of the sample; ignite it to
redness if carbonaceous matter is present; then transfer it to a
casserole and digest with 15 c.c. of concentrated HCL. If any
ferrous iron is present, add a few small crystals of KClO; to oxi-
dize it to the ferric state. Finally, boil until all free chlorine is ex-
pelled. Now add 10 c.c. of dilute H,SO, (1:1) and evaporate
till fumes of H,SO, begin to come off, then cool the casserole and
add 75 c.c. of water. Warm till all of the ferric sulfate goes into
solution and then transfer to a 500-c.c. graduated flask. Add a
saturated solution of Na,CO; to the contents of the flask until a
slight precipitate appears which is dissolved in a few drops of
dilute H,S0,. Add 10 grams of ZnSOj,, heat to boiling and add
1 gram of ZnO. Cool, dilute to the 500-c.c. mark, mix and
decant off 200 c.c. Heat to boiling and titrate with standard
KMnO,, with vigorous shaking and with the liquid kept at boil-
ing. When a permanganate color appears, cool somewhat and
add 1 to 2 c.c. of glacial acetic acid when the color will disappear.
Now finish the titration in the hot but not boiling solution. The
permanganate color should persist after the solution has been

shaken several times. The color will then persist for one to
two hours.
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The potassium permanganate used should be carefully standard-
ized against an ore of known manganese content, or as follows:
Dissolve 0.5 gram of Armco iron, the manganese in which has
been determined by the bismuthate method, and treat the
sample as directed above. After the sulfuric acid solution has
been evaporated to fumes and diluted, add 0.400 gram of
MnSO, obtained as directed on page 85, then proceed as directed
in the Volhard method.

If the iron value of the permanganate is used to calculate the
manganese value, the following calculations must be used: The
permanganate when used to titrate iron in acid solution under-
goesavalence change of 5, but when used to titrate manganese ina
neutral or slightly acid solution, undergoes a valence change of
3, hence its oxidizing strength is only three-fifth as great as when
used for titrating iron. The manganese that is being titrated
undergoes a valence change of 2, hence Mn = 2Fe, and the
final proportion used will be Mn:2Fe ::z:34 iron value of per-
manganate, or the manganese value equals 0.2951 times the iron
value of the permanganate.

Notes on the Process.—Where the amount of manganese in the sample
is less than 0.7 or 0.8 per cent, the process is not satisfactory, unless more
of the sample is taken, since the precipitate will not clot and settle
properly if there are less than 5 or 6 mg. of manganese in the liquid.
Therefore, in applying the process to ores or metals quite low in manga-
nese, enough sample must be weighed out that there shall be at least
this amount of manganese in the liquid titrated. The bismuthate
method is much better for low mangancse samples.

As more than a trace of frece minceral acid interferes with the titration,
the amount of HNOj; added must not exceed that indicated or the precip-
itate will settle badly and the end point be indistinct. Evaporation
with H,SO, is necessary to destroy the carbonaceous matter as well as
to expel the HN O3, both of which may affect the titration.

Instead of taking 1 gram for the analysis, it is usually more convenient
to take such an amount of the sample as will make 1 c.c. of the per-
manganate equivalent to 1 per cent of manganese. This amount
can be calculated from the iron standard of the permanganate. Thus,
if 1 c.c. of the KMnO, equals 0.01 Fe, take 0.5902 gram of the sample
for the process, then the half of the solution taken for the titration will
contain 0.2051 gram of the sample and each cubic centimeter of per-
manganate used will obviously represent 1 per cent of Mn.
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For steels low in carbon, the Volhard method has been modified by
omitting the evaporation with H,SO, and not filtering from the precipi-
tate of ferric hydroxide produced by the ZnO, but instcad simply
decanting an aliquot part of the somewhat turbid liquid and titrating
directly in the presence of the nitrates. In this case the permanganate
should be standardized on a steel of similar kind in which the manganese
has been determined gravimetrically. High carbon steel should be
evaporated to dryness with HNO; and baked.

REFERENCES:
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THE BISMUTHATE-ARSENITE METHOD FOR MANGANESE

This method for manganese, when it is present in moderate amounts
(up to 2.5 per cent), is, in the writer’s opinion, the most accurate known.
No elements interfere if the process is properly ecarried out. The
delicacy of the reaction between manganesc and bismuthate in HNO;
is remarkable, as little as 0.00001 gram in 50 c.c. can be easily detected.
HCI must be absent, as it is ruinous to the accuracy of the results.

The method is based on the fact that in a cold HNOj; solution of the
proper strength manganese is oxidized to permanganic acid by the
bismuthate. This is very stable in cold HINO; (sp. gr. 1.135) but in
hot solution the excess of bismuthate is decomposed and dissolved and
then the permanganate is destroyed. In the cold, however, the excess
of bismuthate may be filtered off and the permanganate titrated by a
standard reducing agent.

The reactions may be written:

5Bi.04 + 2Mn(NOs;); + 26HNO; = 10Bi(NOs); + 2HMnO, + 12H:0,
HMnO. + 2N83A803 + 3HN03 = 2N8.3ASO4 + MI)(N():;):; + 2H2()

Process for Iron and Steel.—If the sample does not contain
over 1 per cent Mn, use a 1-gram sample; if 1 to 2 per cent, use
a 0.5-gram sample. Dissolve in 45 c.c. of water and 15 c.c. of
HNO; (sp. gr. 1.42) in a 150-c.c. flask. When dissolved boil
until nitrous fumes are gone. Set the flask off the hot plate and
cool a moment, then add 0.25 gram of bismuthate and shake and
continue adding the bismuthate in 0.25-gram lots until a perman-
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ganate color comes which persists after a few minutes’ boiling.
This indicates complete oxidation of the solution. On boiling,
the permanganic acid is gradually decomposed to MnO..
Now add a few small crystals of KNO; to dissolve the MnO,
and boil the solution several minutes to cxpel nitrous fumes.
A little Na,CO; added now will aid the expulsion of the fumes.
Add water to bring the voluine up to its original volume and cool
to tap-water temperature. When cold, add 0.5 gram of bis-
muthate and shake the flask well. Add 20 c.c. of water and
again shake, then filter through asbestos, preferably after settling,
and wash several times with distilled water.

Titrate the filtrate with standard arsenite solution. If
the manganese is high, a little MnO, may appear at the end but
this does no harm, as the titration is continued until the brown
MnO, disappears. This only takes a drop or two after the
pink disappears.

Arsenite Solution.—Add to 0.908 gram pure As,O; in a beaker,
hot Na,CO; solution until the As,O; all dissolves, then dilute
to a liter. One cubic centimeter should be equal to 0.0002 gram
Mn. To standardize, treat a sample of steel with known Mn
content as above described.

An equally good method of standardization is as follows:
Dissolve 6 grams of KMnO, in 1 liter, heat and pass H,S through
the solution until all the manganese is precipitated as MnS,
filter and wash 20 times with H,S water. Burn the paper and
precipitate at a low temperature in a platinum crucible, add
H,S04 until the residue is well moistened, and very gradually
raise the temperature of the crucible in a muffle until the H,SO,
is all gone and the temperature remains at 500°C. for 10 minutes,
cool the crucible and weigh the MnSO4. Dissolve the MnSO,
in a sufficient amount of 1 per cent H.SO, so that 1 c.c. contains
0.00020 gram manganese. MnSOy contains 0.3638 manganese.

Dissolve 0.5 gram of Armco iron or other pure iron in which the
manganese has been determined, add 25 c.c. of the solution above
prepared and determine the manganese as directed. It is not
possible to make an accurate check against KMnO, directly,
owing to its variable composition.

Notes on the Process.—It is necessary to add the bismuthate to the
20t HNOjs solution until all carbon, sulfur, etc. are oxidized as well as
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the manganese. Otherwise results will run low. This complete oxida-
tion is indicated when the MnO,, formed when the HMnOy is decom-
posed by boiling, remains after boiling a minute or so.

Chromium is partly, and vanadium completely, oxidized to the higher
forms H.CrO4 and H;VO, by the bismuthate in cold solution. These
do not harm if the titration is carried out as above directed. If, how-
ever, titration is carried out by adding an excess of arsenite or other
reducing agent and then oxidizing back to standard KMnO,, the results
will be high if chromium or vanadium are present, as the chromic acid
and vanadic acid will be reduced by the arsenite. The titration should
be carried out by adding the arsenite until the permanganate color just
disappears.

The best material for filtering off the Bi,04 is asbestos and glass wool
made as follows: Shake together in a flask, with water, sufficient glass
wool to fill a funnel one-fourth full and about the same amount of pure
asbestos fiber. Pour into a funnel and wash out all HCl. This filtering
medium does not easily stop up and yet filters perfectly. It may be
used for a large number of filtrations without changing.

When pig irons are being analyzed they should be filtered when
dissolved in order to remove the graphite. In the analysis of white irons
it will be necessary to treat the solution several times with bismuthate
in order to oxidize the large amount of combined carbon present. The
solution should be nearly colorless when cold.

Process for Iron Ores.—Treat 1 gram in a beaker with 20 c.c.
HCI until all iron is in solution. Add 4 c.c. H:SO, and evaporate
until the H:SO,4 fumes freely, taking particular care that all the
HClis removed. Cool and dissolve in 45 c.c. of water and 15 c.c.
of HNO,, filter and proceed as in the case of steels. It may be
necessary to examine the residue for manganese.

For manganese ores proceed as above except to dilute to the
mark in a calibrated flask, shake well and take an aliquot part
equal to 1 per cent of manganese on a 1-gram sample. However,
the Volhard process is more especially adapted to high manganese
ores.
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CoLor METHOD UsING AMMONIUM PERSULFATE

This method is due to Marshal and Walters. It depends upon the
act that if ammonium persulfate (NH,).S,054 is added to a solution of
manganese in dilute nitric or sulfuric acid, it will, on warming, promptly
and completely oxidize the manganese to permanganic acid, provided a
small amount of silver nitrate is present. The silver salt is essential, for,
if not present, the manganese will be precipitated as MnO,.  If too much
silver salt is present, silver peroxide will precipitate and make the
solution muddy.

The solution should not be boiled, but merely warmed until the color
develops.

It is said that the persulfate should be slightly damp, but we have
used this salt dried in a desiccator with satisfactory results.

Walter’s Process for Steel.—Dissolve 0.1 or 0.2 gram of the
steel, according to the percentage of manganese, in 10 c.c. of
HNO; (sp. gr. 1.2). Heat until all nitrous fumes are driven off.
Now add 15 c.c. of a solution of silver nitrate containing 1.33
gram of the salt to 1 liter of water. This will cool the solution
considerably. Now immediately add about 1 gram of ammo-
nium persulfate, and warm until the color commences to develop,
and then for about a half minute longer. Remove from the heat
and set it in cold water while the evolution of oxygen continues.
As soon as the solution is cool, compare it with a solution of stand-
ard steel treated in the same manner.

The solution of the standard steel may be prepared in quantity,
as noted before, by dissolving several grams of the metal in a
sufficient amount of nitric acid (sp. gr. 1.2) and diluting with the
same strength acid until 10 c.c. of the solution contain 0.2 gram
of steel. Ten cubic centimeters of this solution are then used
with each set of determinations.

REFERENCE:

Chemical News, Feb. 15 and Nov. 15, 1911.

Persulfate-arsenite Method.—This method has the advantage
of requiring no filtrations as the bismuthate method does.
Proceed as above directed for the persulfate method until the
ammonium persulfate has oxidized the manganese. Cool,
add 10 c.c. of a 2.5 per cent NaCl solution, stir and titrate with
sodium arsenite as usual. The sodium chloride is added to
precipitate the silver, otherwise the excess persulfate will make
results for manganese run high.



CHAPTER VII
THE DETERMINATION OF SULFUR

Sulfur occurs in iron ores as sulfides, such as pyrite (I'e8;) and
sphalerite (ZnS) and also as sulfates, such as gypsum (CaS0,, 2H.0),
barite (BaSO4) and celestite (SrSO4). In iron and steel it occurs as
sulfide only. In the gravimetric methods for determining sulfur it is
first converted into sulfuric acid and then the sulfuric acid precipitated
by barium chloride and weighed as barium sulfate.

Direct OxipATION METHODS

Conversion of the Sulfides to Sulfates.-—All sulfides are completely
oxidized to sulfates when fused with a mixture of dry Na,CO; and
NaNO; or with Na:0.,.

As free sulfur and certain disulfides give off sulfur vapor at a
comparatively low temperature (below the fusing point of Na,COQj),
when these arc present care must be taken to prevent loss by the escape
of this vapor. The mixture of ore and flix must be covered with a layer
of the pure “fusion mixturc’’ and heated carefully.

After fusion all the sulfur, whether originally present as sulfide or
sulfate (even in BaSO,), will be found as Na,SO,, the bases present
remaining as oxides or carbonates. When the fused mass is boiled with
water till thoroughly disintegrated and then filtcred off and washed, the
sulfate all passes into the filtrate.

Sulfides can be more or less completely oxidized to sulfates in the
“wet way’” by treating them with hot concentrated HNO; or aqua
regia. Wet methods are not very satisfactory, as free sulfur is liable
to separate and fuse to globules, its melting point being below the boil-
ing point of HNO; Once in this form it is very slowly oxidized by
boiling with ordinary oxidizing agents. Iron sulfide can be completely
oxidized, however, by heating with a large excess of concentrated
HNO; and adding a little powdered KCIlO;.

When iron sulfide, or even iron containing but little sulfur, is dissolved
in dilute HNO; (1.2 sp. gr.) a considerable proportion of the sulfur
separates as such and escapes oxidation.

Solutions containing ferric sulfate, on evaporation to dryness and
“baking,” as is common in iron analysis, may lose SO; unless enough

88
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potassium or sodium is added to hold it all in combination with the
alkali, as the sulfate of iron is easily decomposed by heat and SOs
expelled.
REFERENCES:
Fresenius, “Quantitative Analysis.”
PuiLrrres, J. Am. Chem. Soc. (1896), 1079.

Tur PrrcipiTaTiON oF THE SO; BY BaCl,

This precipitation must be conducted under carefully regulated
conditions, if the results are to be satisfactory.

When the amount of sulfur present is very small, the contamination of
the BaSO4 is not apt to be important and the chief thing is to get the
sulfur completely precipitated; but when large amounts of sulfur are
to be precipitated, as when pyrite is to be analyzed, the case is very
different and great carc must be taken to have the BaSO, pure as well
as completely precipitated.

When alkalies are present, all BaSO, precipitates carry down alkali
sulfates, the error being worst if alkali chlorides are present. If ammo-
nium salts are present, ammonium sulfate is carried down, and is, of
course, lost on ignition. In the presence of much alkali chloride, the
precipitate contains a certain amount of free sulfuric acid. All of these
errors make results run low, in some cases perhaps as much asseveral
per cent of the total weight.

In addition to these minus errors, there are plus errors. All barium
sulfate precipitates contain barium chloride. If the precipitation is
made very slowly, the amount of this is very small. When the precipi-
tation is made rapidly, it is much larger. Nitrates are occluded by
barium sulfate, giving results which are high. When barium sulfate is
precipitated from solutions containing much ferric iron, iron salts will
adhere to the precipitate, making it reddish in color, unless considerable
HCl is present. Some of the sulfuric acid appears to be in combination
with the iron instead of with the barium, and is driven off on ignition,
causing low results. Water alone will not wash out any of the above
salts occluded with the barium sulfate.

Barium sulfate, while very insoluble in water, is not so in dilute acids,
the amount dissolved increasing with the concentration of the acid,
though the presence of a considerable excess of BaCl: very largely
decreases the solubility of the barium sulfate in HCl. Acid solutions
of FeCl;, when hot, hold a little BaSO, in solution, which separates
when the liquid cools.

The precipitate of BaSO, is fine, liable to run through the filter paper,
if precipitated cold, and so should be precipitated hot and allowed to
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stand on a warm plate with frequent stirring. In this way the
precipitate will grow dense and granular so that it can be easily filtered.

It will be seen from the above that the determination of sulfur when
present in large amounts is attended with many difficulties and, for
accurate results, correction must be made by analysis of the precipitate.
For good technical results perhaps the best way is to wash the precipi-
tate off the filter back into the beaker, add HCl equal to the water
present and evaporate almost to dryness, add 100 c.c. of water and
5 c.c. of 10 per cent BaCl,, let settle and filter.

REFERENCES:
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LunGe, J. Soc. Chem. Ind., 8, 819, 967.
AvcHy, J: Am. Chem. Soc. (1901), 147; Am. Chem. J. (1902), 495.

Process for Sulfur in Iron Ores.—Mix 1 gram of the finely
pulverized ore with 5 grams of dry Na,CO; and 0.5 to 1 gram
of NaNOj;, according to the amount of sulfur in the ore. Put
the mixture in a platinum crucible and fuse carefully. As soon
as it is well melted, chill the erucible by dipping the bottom into
water. This will usually loosen the cake so that it can be re-
moved from the crucible. See page 377.

As ordinary gas contains sulfur, fusions made over it are likely
to absorb some SO, from the flame. Therefore, an alecohol or
gasoline blast lamp should be used, or an electric mufile. If
gas is used, the crucible must be kept covered during the fusion
and should be protected by inserting it into a tightly fitting collar
of sheet asbestos nearly to the top. This will act as a shield to
prevent the products of combustion from getting into the cru-
cible. In accurate work it is always necessary to make a blank
analysis and determine the small amount of sulfur contained in
the reagents or absorbed from the gas flames. Deduct this from
the amount found when working on the ore.

Boil out the fusion with water until all the material is sof t and
no hard lumps remain. If the solution is colored by Na.MnQO,,
add a few drops of aleohol. Filter and wash well with hot water.
Add HCI to the cold solution, which should have a volume of
about 100 c.c. The acid should be added until the solution is
just acid, then about 4 c.c. more. Now heat nearly to boiling
and add 5 to 10 c.c. of a 10 per cent solution of BaCl; previously
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diluted with 10 to 20 c.c. of water and heated. Stir and let the
precipitate of BaSO, settle several hours. When clear, filter,
wash with hot water, ignite and weigh the BaSO,. This weight
multiplied by 0.1374 gives the amount of S.

If it is suspected that the BaSO, is contaminated with SiO,,
it should be treated with HF. It is a good thing to do in any
casc. Add to the ignited precipitate a drop of H,SO, and 2 c.c.
of HF. Evaporate off the acids and finally again ignite and
weigh.

Notes on the Process.—BaS0, is easily reduced to BaS by heating
with carbon. This may occur in the crucible and will make the results
come low; henee, in igniting the precipitate, detach it as far as possible
from the filter, burn the paper carefully on a platinum wire, avoiding a
high heat. Add the ash to the precipitate in the crucible and heat gently
with the cover off until all the carbon is burned, finally igniting to a
bright red-heat.

Instead of drying the paper, the wet filter and precipitate may be
ignited together by proceeding as follows: Put the filter paper contain-
ing the precipitate into a good-sized platinum crucible. The paper
should be put in point down and open, just as it sets in the funnel.
Now set the uncovered crucible over a very low flame and dry out the
paper carefully. Then continue the heating to char the paper without
letting it ignite. Should it catch fire, extinguish the flame by momen-
tarily covering the crucible. When all the volatile matter is expelled,
slightly increase the heat, which should not, however, exceed a dull red.
The carbon will now all burn away and the precipitate become white.
Finally, raisc the tempecrature to bright redness. Cool and weigh as
before. This process is called “smoking off”’ the filter and saves much
time. It can be used safely on all small BaSO, precipitates. After
weighing the precipitate, add a little water to it and test with turmeric
paper. If it reacts alkaline, the results are untrustworthy, as reduction
has occurred; in this case add a drop of H.SOy; heat till dry, ignite and
weigh again, taking the second weight as the correct one.

WEeT OXIDATION METHOD FOR SULFUR IN ORES

This method fails to determine the sulfur in any BaSO,4 or PbSO,
contained in the ore. Therefore, it is not so generally applicable as the
fusion method unless the residue is separately treated by the fusion
method and any sulfur thus obtained added to that obtained by the wet
method.
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Process of Analyses.—Weigh 1 to 5 grams of the very finely
pulverized ore. Put it in a covered casserole or beaker and add
20 c.c. of concentrated HNO;. Heat and add 1 gram KClO;
in several portions. Now digest at a moderate heat till all action
ceases, then evaporate off most of the HNO;. Add an excess of
HCl and warm until the iron is all dissolved. Evaporate to
dryness and proceed as with the dried residue in the determina-
tion of sulfur in iron or steel.

When sulfur is present in large amounts, as for instance, in
pyrite, it is necessary that the BaSO4 be precipitated from a solu-
tion free from iron. Dissolve 0.5 gram of the very finely ground
sample in 20 c.c. of aqua regia in a beaker with a watch-glass
cover. Heat until decomposition is complete, then evaporate
to dryness. If necessary, use a little KClO; with the aqua regia
to dissolve the pyrite. Moisten the dry mass with 1 c¢.c. HCI
and 100 c.c. of water. Heat until all except the gangue is dis-
solved and filter. To the cold solution add ammonia until
alkaline, heat to boiling and filter off the Fe(OH); and wash
thoroughly. Make the filtrate acid with HCI, heat to boiling
and add slowly BaCl; with constant stirring. After standing
some time, filter and wash, transfer the BaSO, back to the beaker,
add as much HCI as there is water present, evaporate almost to
dryness, add 100 c.c. water and then 20 c.c. BaCl,, allow to stand
a half hour, filter and wash. Ignite very carefully to prevent
reduction of the BaSO,.

MgTHOD FOR SULFUR IN IRON AND STEEL

As the sulfur is usually present in these metals in very small
percentages only, its accurate determination demands great care. It is
present as FeS, MnS and possibly CuS and ZrS,.

Process of Analysis.—Take from 2 to 5 grams, according to the
percentage of sulfur. Add 25 to 40 c.c. concentrated HNO;.
Cool the dish if the action is too rapid, or heat it if it is too slow.
The rate of solution must not be too rapid or low results may
follow.

When the metal is nearly all dissolved, heat to boiling and add
2 to 3 c.c. of concentrated HCI to complete the solution. Now
add about 0.5 gram KCIlO; free from sulfur. Boil to dryness
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and bake on a hot plate 10 minutes. Add 10 to 20 c.c. con-
centrated HCI to dissolve the residue and again dry down thor-
oughly. Dissolve again in 15 to 40 c.c. of concentrated HCI.
Evaporate the solution until a skin begins to form on the surface
or until it become syrupy. Now add 5 to 10 c.c. of concentrated
HC], according to the amount of iron taken. When all the iron
dissolves dilute the liquid with its own volume of hot water and
filter into a small beaker through a paper previously washed out
with a little hot dilute HCI (this facilitates filtration). Wash
the dish and insoluble residue with hot water.

The filtrate and washings must not exceed 75 c.c. Now warm
to about 60°C. and add 10 c.c. of a 10 per cent solution of BaCl,.
Let stand till the precipitate settles, leaving the liquid perfectly
clear. (Four hours is sufficient if everything is right.)

Filter onto a small ashless filter, wash with water containing a
few drops of HCI1 until the iron stain is gone, then eight times with
cold water, ignite and weigh the BaSO,. Test the filtrate
by the addition of considerably more BaCl; solution, which must
give no additional precipitate.

The residue from which the solution for the determination of
sulfur is filtered must contain no basic iron salts, as these may
hold sulfur. These are likely to form if the HCI solution is con-
centrated too far and insufficient acid is added before dilution.

REFERENCE:
J. Anal. App. Chem., 6, 318.

Notes on the Process.—It is imperatively necessary that a blank be
run on all the reagents used in the process and the weight of BaSO,
obtained in this way deducted from that found in the analysis.

Certain high-carbon steels and most ferrosilicons will resist the action
of concentrated HNO; almost entirely. When treating such metals add
some potassium chlorate with the nitric acid at the start, and also at
intervals add concentrated HCI, 1 c.c. at a time, until the metal is
dissolved; then add more KClO; and proceed as usual.

Ferrosilicons with over 10 per cent of silicon will resist the action of
all the ordinary solvents. These and other insoluble alloys cannot be
treated by wet methods for the determination of sulfur.

Where the percentage of silicon does not exceed about 15 per cent, the
small addition of sodium fluoride to thc HNOj;, as described under
“Phosphorous” on page 64, will usually bring the metal into solution
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and the determination can then be carried out as usual, by adding the
chlorate, evaporating, baking and taking up in HCl. In other cases the
metal must be fused. The fusion is best made in a platinum crucible
with a mixture of equal parts of NaNO; and Na,COj, using at least six
parts of the mixture to one of the metal. The fusion can be then soaked
out with water and the water solution treated, as in the case of an ore.

The sulfur will all go into the water solution, provided the iron is
completely oxidized. It is essential that the metal be very finely pow-
dered. The peroxide of sodium can be substituted for the nitrate or may
be used alone, in which case at least 8 grams of the reagent must be
used for one of metal, and the fusion made in a nickel crucible. Blanks
must be run on all the reagents.

REFERENCES:

F. C. PuiLuies, J. Am. Chem. Soc. (1896), 1079.
E. H. SANITER, J. Soc. Chem. Ind. (1896), 155.

Bamber Method for Sulfur.—This method is suitable for the
analysis of cast iron or steel and for any iron alloys which are
decomposed completely by treatment with nitric acid. It has
proved to be a very reliable method.

Process of Analysis.—Dissolve from 3 to 5 grams of the sample
in concentrated nitric acid (sp. gr. 1.42). After the iron has
dissolved completely, add 2 grams of solid potassium nitrate and
evaporate to dryness on the water bath in a platinum dish. Heat
the residue to redness using an alcohol flame. After the ignition
add 50 c.c. of a 1 per cent solution of sodium carbonate, boil for
a few minutes and filter. Wash the precipitate thoroughly with
hot 1 per cent sodium carbonate solution. Acidify the filtrate
with HCI and evaporate to dryness. Moisten the residue with
2 c.c. of concentrated HCI and add 50 c.c. of water. Heat to
boiling and filter. Dilute the filtrate to 100 c.c. and precipitate
the filtrate hot with 10 c.c. of 2 per cent barium chloride solution.
Ignite and weigh in the usual manner.

THE DETERMINATION OF SULFUR IN Pic JRON AND STEEL BY
EvoLurion as H,S

The direct oxidation methods are accurate and the only ones which
can be relied upon to give with certainty the total sulfur in any material.
But they are too slow to answer for control work. For such purposes
the evolution methods are very generally used. They are either gravi-
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metric or volumetric and can be made extremely rapid. For some
materials they will give reliable results.

These methods all depend upon the assumption that when iron is
dissolved in HCI the whole of the S is evolved as H.S and passes off
with the excess of hydrogen. This is probably true, or nearly so, for
steel containing but little carbon and possibly for gray pig iron; it
certainly is not true for white iron and mottled irons high in combined
carbon; and probably not true for high-carbon steels and some ferro-
silicons, especially those containing much sulfur.

In these latter materials part of the sulfur appears to be evolved as
more or less volatile liquid or possibly gaseous compounds of carbon,
hydrogen and sulfur, and not as H,S. The proportion of the sulfur
evolved as H,S will vary in the same iron if the heat treatment has been
different; if slowly cooled, it may be gray and evolve most of the sulfur
as H,S; if suddenly cooled by chilling in water (shot samples), it will be
white and only a small portion of its sulfur may be evolved as H,S.
Hence, by evolution methods, the latter sample would show a much
lower percentage of sulfur than the former. The sulfur that is lost is in
the form of (CH3)4S, or some similar form. The higher the percentage
of carbon in solid solution (Martensite) in the iron, the more sulfur is
thus lost. Part of this goes over with the gases and part stays behind in
the flask. If the evolved gases be passed with hydrogen through a glass
tube heated to dull redness, the sulfur compounds are changed to H,S.
If the tube is filled with asbestos coated with platinum black the action
is more rapid. Care must be taken to exclude air or explosion will result.
The amount of sulfur evolved in combination as (CHj3)sS increases with
the manganese in the sample and decreases with the phosphorus. Of
that retained in the flask, part may be in this form, and if any titanium
is present, some will be held in combination with the titanium. Phillips
has shown that sulfur retained in the flask as difficultly volatile organic
compounds may be distilled off by prolonged boiling.

By taking certain precautions the amount of sulfur lost can be reduced
to a very small amount and the results by the evolution process can be
made to check fairly well with the standard process even on pig irons.
These precautions arc as follows:

(1) The weighed sample should be annealed in a non-oxidizing
atmosphere according to a certain procedure. This changes the marten-
site to pearlite with cementite, graphite or ferrite, according to the amount
of carbon. (2) The speed of solution should be as great as possible.
(3) The acid used should be concentrated acid, of sp. gr. 1.19. Under
these conditions the use of a hot tube through which to pass the evolved
gases is not necessary.
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Ordinary low-carbon steels do not have to be annealed, but high-
carbon steels, pig irons and the alloy steels, such as self-hardening steels
and nickel-chromium steels must be annealed to get correct results.

For rapid work, as for furnace control, the annealing of the sample
may be omitted, but it should be understood that this always gives low
results, sometimes as much as 20 per cent low when the sample is a pig
iron.

On the other hand, in the casec of steels, the results for sulfur by the
evolution process may give too high results. Besides H,S, other gases
are given off which may affect the results. These are hydrocarbons and
PH; and AsH;, which are absorbed to a certain extent and affect iodine
used for titrating, but do not affect gravimetric results. According to
Elliot, these are not absorbed in CdCl; solution containing acetic acid
and ammonium acetate as they are in alkaline solutions or in solutions
of lead, zinc or copper.

The H,S evolved is very easily decomposed by comparatively feeble
oxidizing agents, water being formed and free sulfur deposited. Pro-
longed contact with air and sunlight, the presence of FeCl;, traces of
chlorine, all act on it in this way, and must be avoided in the process.
There is no necessity, however, of working in an atmosphere of hydrogen
or of carbon dioxide if the process is rapidly conducted. On the other
hand, slow evolution, or the use of HCI containing traces of chlorine or
FeCl; will cause decomposition of the H,S and retention of sulfur in the
residue.

Rusting of the drillings previous to the addition of HCI leads to the
formation of FeCl; and may cause a separation of sulfur from the gas
in the flask. Dilute HCI (1:1) is usually used in these methods but,
according to the writer’s experience, this sometimes fails to cause com-
plete evolution of the sulfur as H,S where the concentrated acid succeeds.
(See PaILLIPS, J. Am. Chem. Soc. (1895), 891.)

While the H,S is easily absorbed, the organic sulfur compounds are
only slowly and incompletely taken up. Long boiling is frequently
necessary to drive them completely out of the flask in which the iron
is dissolved. It is evident from what has been said that the evolution
processes are reliable only when they are checked by using the gravi-
metric process on the same kind of sample.

The H.S evolved may be determined in many ways. It may be
absorbed in an alkaline solution of lead acetate, then oxidized to SO,
and precipitated by BaCl,, or it may be absorbed in a solution of HCl
and bromine and the H,SO, formed precipitated by BaCl,, or in an
alkaline solution of KMnO, and precipitated as before. Some chemists
absorb the H,S in a CuSOy solution, filter off the copper sulfide, ignite
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and weigh as CuO. The most widely used method is, however, a
volumetric one in which the H,S is titrated with a standard iodine solu-

tion. It is very rapid and is quite as accurate as the other evolution
methods.

Ture IopiNe METHOD FOR SULFUR

The H.S may be absorbed in NaOH or KOH or an ammoniacal solu-
tion of zine or cadmium. The cadmium solution is preferred because it
fixes the sulfur in a visible form and is not easily altered on standing.
KOH and NaOH are liable to contain oxidizing impurities, such as
nitrites or ferric hydroxide, which would oxidize H,S.

The reactions involved in the process are as follows:

FeS(or MnS) + 2HCI = FeClz(or MnCl,) + H,S.
11,8 4 CdCl, = CdS 4 2HCL.

The HCI liberated is neutralized by the NH,OH present. When the
H,S has all come over, the solution is diluted and strong HCl is added in
excess; then the reverse reaction takes place,

CdS 4 2HCl = H.S + CdCl..

A considerable excess of HCI is necessary to dissolve completely all
of the CdS. The volume of the solution should be very large to prevent
the escape of the liberated II.S. Also it should not be hot.
The H,S is then titrated with iodine.
H.S + 2I = 2HI + S.

The liberated sulfur causes the liquid to become curiously opalescent
and show various colors, but this does not at all obscure the end reaction,
which is very sharp. Before titration a little starch solution is added
to the liquid to be titrated. One drop of iodine in excess of the amount
required to titrate the H.,S causes an intense blue color of “starch
iodide” to be formed.

Preparation of the Starch Solution.—Stir 5 grams of wheat
starch into 200 c.c. of cold water. Heat the liquid to boiling
with constant stirring until the starch is thoroughly dissolved.
Now dilute the liquid with cold water to about a liter, and add
10 grams of crystallized ZnCl,. Let the solution settle for some
time, and pour off for usc the nearly clear supernatant liquid. This
solution is very sensitive and keeps indefinitely.

A solution of 1 gram of starch in 200 c.c. of boiling water alone
may be used, but it must be made fresh every day.

For a more sensitive preparation of starch, see page 188.
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Preparation of the Iodine Solution.—Weigh on a watch-glass
1.13 grams of KIO; and dissolve in 300 c.c. of water containing
12 grams of KI and 1 gram of KOH. When dissolved, dilute
exactly to 1,000 c.c. The solution keeps well. When added
to an acid solution for titration the reaction is

KIO; 4 5KI + 6HCI = 61 + 6KCl1 + 3H,0.

One cubic centimeter will titrate approximately 0.0005 gram of S.

Cadmium Solution.—Dissolve 4 grams of cadmium chloride
in 100 c.c. of water, and when dissolved add an equal volume
of strong ammonia.

Standardizing the Iodine Solution.—Prepare the following
solutions:

A. Dissolve 8 grams of crystallized sodium thiosulfate in
water and dilute to 1 liter.

B. Dissolve 0.1531 gram of fused potassium dichromate in
water and dilute to 100¢c.c. If more convenient, this solution may
be made by diluting 10 c.c. of the dichromate solution used in the
iron assay (of which 1 c.c. equals 0.01 Fe) to 57.42 c.c.; 10 c.c.
of this solution will liberate iodine from KI equivalent to 0.005
gram of sulfur.

Measure with a pipette 10 c.c. of the thiosulfate solution A into
a beaker. Add 100 c.c. of water and 1 c.c. of starch solution,
now run in the iodine solution from a burette until nearly the
amount required to oxidize the thiosulfate has been added, add
5 c.c. of HCI and continue the addition of iodine solution until
the last drop gives a decided blue color not disappearing on stir-
ring. Note exactly the amount used. Repeat the determination
two or three times (the results should agree almost exactly)
and take the average as the amount of iodine solution equivalent
to 10 c.c. of the thiosulfate.

Measure 10 c.c. of the dichromate solution B into a beaker.
Add 50 c.c. of cold water and then about 0.5 gram of pure KI.
When the KI is dissolved, add 5 c.c. of concentrated HCI.

The KI must be free from iodate. It may be tested by dis-
solving a portion in water, adding some starch solution and a
little HCl. The liquid should not show more than a trace of
blue color and should become absolutely colorless on the addition
of a small drop of the thiosulfate solution. The acid must be
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free from chlorine or ferric chloride. When diluted it should
give no blue color on the addition of KI and starch.

Let the mixture stand six or seven minutes without warming
(which would volatilize iodine). Dilute to 100 c.c. and add 10
c.c. of solution A and 1 c.c. of starch solution. Should this color
the liquid blue, add 10 c.c. more of the thiosulfate solution which
will make it colorless. The first 10 c.c. is usually sufficient.
Now tmmediately titrate the excess of thiosulfate with the iodine
solution, adding it till the blue color is developed. Note exactly
the volume of the solution used; call it R.

It is important that there be no delay between the addition
of the solution A and the iodine titration on account of the
presence of free HCI in the liquid. Thiosulfate is slowly decom-
posed by IHCl1 with the separation of sulfur and the formation of
H.S03, which absorbs twice as much iodine.

By keeping the excess of thiosulfate small and titrating it
within one minute, correct results can be obtained.

Now the difference between R and the number of cubie centi-
meters of the iodine solution which are equivalent to the number
of cubic centimeters of the thiosulfate solution A added to the
dichromate and iodide, as above, is the volume of the iodine
solution which is equivalent to 0.005 gram of sulfur, and 0.005
divided by this difference is the value in sulfur of 1 c.c. of the
iodine solution. This is the factor by which to multiply the
number of cubic centimeters taken in the analysis in order to
obtain the amount of sulfur present.

Ezxample.—Suppose 10 c.c. of solution A equals 10.6 c.c. iodine
solution. Seccond, that 20 c.c. of A were added to the 10 c.c. of B
and the KI, and that the mixture required 9.8 c.c. of iodine solution
on the titration back; that is, R equals 9.8. As the 20 c.c. of A alone
would equal 21.2 c.c. of iodine, we have 21.2 — 9.8 = 11.4, which
is the number of cubic centimeters of iodine solution equivalent to
0.005 of sulfur, because this is the sulfur equivalent to the iodine that
is liberated from the KI by the dichromate. Further, 0.005 divided by
11.4 equals 0.000439, which is the amount of sulfur to which 1 c.c. of
the iodine solution is equivalent.

The reactions upon which this process of standardizing depend are:

1. 2N&28203 5H20 + 21 =2Nal + Na-qu()o + 5H 20. (The crystal—
lized thiosulfate contains 5 molecules of water.)
2. K;Cr;07 + 6KI 4 14HC1=8KCl + 2CrCl; + 7H,0 + 61.
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The thiosulfate solution is not constant, hence cannot be used as an
absolute check on the iodine solution, but only as a means of comparing
it with an absolutely known amount of iodine. This definite amount of
iodine is obtained from the action of dichromate on an excess of KI in
the presence of HCl. The reaction between KI and K,Cr,0y is not
instantaneous, but rapidly becomes complete.

The relation between the K,Cr;0; and the I is 294.2:761.5, hence
0.01531 K.Cr.,07 will liberate 0.0396 gram of iodine, the amount which
should be present in 10 c.c. of the iodine solution if its strength were
exactly right.

The operation itself consists, therefore, in finding how much of the
iodine solution to be standardized is required to titrate the amount of
the thiosulfate solution which is equivalent to exactly 0.0396 gram of
iodine, as liberated by the dichromate. Thus we find first how much
of the iodine solution is equal to a certain amount of the thiosulfate
solution; second, how much of the same iodine solution is equal to what
is left -after the same amount of thiosulfate has been acted upon by
0.0396 gram of iodine, and the difference is obviously the amount of
iodine solution which contains 0.0396 gram of iodine, that is to say, will
be equivalent to 0.005 of S; but this should be 10 c.c., hence the difference
between 10 and the amount taken is the amount the solution is off the
standard.

The only precautions to be noted are the necessity of giving time for
the K,Cr;0; to react on the KI and the neccessity of avoiding heat, as
iodine is readily volatilized from this solution.

The HCI used must be free from all impurities which liberate iodine
from KI (Cl,, FeCl;, CuCl,, ete.).

The iodine solution must also be standardized against a sample of
iron or steel similar to that to be analyzed, in which the sulfur has been
accurately and repeatedly determined by the direct oxidation or nitric
acid ' method.

Treat 5 grams of the metal by the regular process and determine
the volume of the iodine solution required to titrate the HoS evolved.
Then from the known sulfur percentage in the metal calculate the sulfur
value of 1 c.c.

Make a factor of correction to apply to the iodine solution. This
method of standardizing has the advantage of causing all errors of
solution, evolution and oxidation to affect the standard and sample
alike, and makes the evolution method give results comparable with the
gravimetric method. It should always be used where a material of
generally uniform character has to be tested as manufactured. As the
heat treatment and the nature of the metal cause differences in the
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percentage of sulfur evolved as H,S, an iodine solution standardized
on metal should never be used for a metal made by a different process,
as, for example, one standardized on pig iron for steel. (See WiLson, J.,
Ann. App. Chem., b, 439). When the sample is annealed, the method
of standardization does not make so much difference.

Apparatus.—This is shown in Fig. 6 and consists of a flask F
of 500 c.c. capacity and fitted with a rubber stopper, a glass
funnel tube G provided with
a stop-cock, and a delivery
tube I7, in which are blown
two or three good-sized
bulbs. These bulbs serve to
arrest the liquid condensing
in the tube and allow it to
return to the flask instead
of working over into the
absorption tubes. A water-
cooled condenser is better.
The delivery tube should v
carry the gas down to the \
bottom of a large test-tube I, o = =
8 in. deep and 114 in. wide
and fitted with a rubber
stopper through which a sec-
ond tube carries the gas into 5
a second smaller test-tube J, s
which serves to catch any Fia. 6.
absorbable sulfur compounds
escaping the first test-tube. This guard tube will rarely show
any sulfur. Gas which is used to drive over the last trace
of H.S is introduced through @, in the top of which is fitted
a one-hole rubber stopper with a glass tube connected to a source
of gas.

In place of the receiving cylinder or test-tube, some use a large
flask, diluting the absorbing liquid correspondingly. The titra-
tion can then be made in the same flask without transferring the
liquid. When the bubbles do not pass through a considerable
depth of liquid, as when a flask is used as a receiving vessel, it

i
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is best to have the delivery tube in the vessel end in the form of a
funnel to keep the gas longer in contact with the liquid.

Amount of Metal Taken.—This may be 5 grams for ordinary irons or
10 grams if the sulfur is very low. If the iodine solution is a little “off
the standard ”—that is, if 10 c.c. are equal to a little more or less than
0.005 gram of sulfur—it is more convenient, instead of correcting each
reading by multip ying it by its true sulfur value, to change the amount
of the sample taken so that 1 c.c. of the iodine solution shall represent
0.01 per cent of sulfur.

For example: Suppose that the icdine solution is too weak and that
1 c.c. is only equal to 0.0004854 gram of sulfur instead of 0.0005 gram.
In this case weigh out 4.854 grams of the metal for the determination.
Then, obviously, each cubic centimeter of the iodine solution used in the
titration will stand for 0.01 per cent of sulfur, and the caleulations which
would be necessary if 5 grams had been taken will be avoided.

The foregoing method of applying the correction factor of a volumetrie
solution to the amount weighed out may be applied to any similar
process; as, for example, in the determination of iron, phosphorus or
manganese; and, where many analyses are to be made, will save much
time as well as diminish the chances of error involved in the calculations.

Process for the Analysis.—Transfer the weighed metal to the
flask and add about 2 grams of pure precipitated CaCO;. Pour
5 c.c. of the cadmium solution into the absorbing tube and add
to it 10 to 15 c.c. of strong NH,OH. Now fill the tube with
water to a depth of 6 in. Put 50 c.c. of HCI, sp. gr. 1.19, into
the bulb of the funnel tube. Run in the acid slowly until the
CaCOs is all dissolved, then run the acid in rapidly but avoid so
rapid an evolution of gas as to throw the liquid out of the tube
or make bubbles large enough to fill the tube. When the evolu-
tion of gas slows up, heat the flask hot enough to make the
evolution of gas rapid, but do not boil until the iron is all dis-
solved, as this would cause too much acid to distill over. When
the iron is dissolved, boil the solution for several minutes. For
the best results pass a stream of hydrogen or carbon dioxide or
natural gas (purified by passing through NaOH solution) through
the apparatus to drive out all traces of H,S. The solution in
the tube must be kept alkaline by adding more ammonia if neces-
sary. The CdS should separate as a yellow precipitate. If it
is pale in color, the sulfur is not being evolved properly as H,S.
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When using concentrated HCI, a considerable amount of acid
distills over unless a water-cooled condenser is used, but, by using
sufficient NH,OH, it will do no harm. After the liquid has been
boiled several minutes and no more gas is coming over, open the
stop-cock in the funnel tube, remove the lamp, and detach the
delivery tube. Empty the absorbing tube into a large flask,
wash it and the delivery tube well with water and pour the wash-
ings into the flask. Now add 300 or 400 c.c. of cold water, and
then HCI enough to make the solution acid and 10 or 15 c.c. more,
which should dissolve the precipitated CdS. Now add 1 c.c. of
the starch solution and titrate immediately with the iodine
solution, adding it until the last drop changes the opalescent
liquid to a deep blue not disappearing on standing two or three
minutes.

The number of cubic centimeters used, after correction for
standard, will give the amount of sulfur in hundredths of a per
cent. Always make a blank test on the reagents; they will usu-
ally consume a little iodine which must be deducted from that
used in the analysis.

Notes on the Process.—Use pure gum rubber tubing in the connec-
tions. White or red rubber may contain metallic sulfides evolving HoS
when acted upon by the HCI vapor, thus causing errors.

It is essential that the process be carried through promptly. There
should be no delay in titrating. If the solution containing the CdS be
allowed to stand it may lose H.S or the sulfides may oxidize. This is
especially important after the addition of HCI, as the free H.S will
oxidize very rapidly on standing. Zinc salts (acetate or sulfate) may
be used in the place of cadmium with satisfactory results.

The Use of NaOH Instead of CdCl,.—The process is conducted as
before, except that the absorption tube is filled with 80 c.c. of a 15 per
cent solution of NaOH. After the evolution of the gas, wash out the
tube into a large beaker, dilute as before with cold water, acidify, add
starch solution and titrate. Most caustic soda contains a little iron
as ferric hydroxide, which dissolves in the concentrated solution but
separates on dilution; hence, the 15 per cent soda solution should be
prepared some time before use, and the clear liquid decanted from the
precipitate which usually settles. Test the solution also for nitrites
and hypochlorites by acidifying a portion with HCl, and then adding
KI and starch paste. It must show no blue color. In acidifying the
soda solution before titration, add a drop of phenolphthalein solution,
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and then add the HCI till the red color is discharged. The HCI must
be pure. It will occasionally contain traces of SO, which would, of
course, vitiate the results.

The cadmium method is sometimes modified by filtering off the CdS
and putting the filter and precipitate into a large volume of water
adding HCI and titrating. This avoids the presence of a large amount
of ammonium salts and of any hydrocarbons absorbed in the liquid.
It has been claimed that these act slightly on the iodine. The
advantage of this modification is very slight if any, as the evolution
process usually gives low results any way.

The method as above given is very rapid, but gives accurate results
only on those samples which give up all their sulfur as HsS. The
following method, first proposed by Walters and Miller, and modified
by many others, is the method elaborated by Ervior (J. Iron Steel Inst.
(1911), 412) and is good for all kinds of samples.

Annealing-evolution Process.—I'ive grams of the sample are
mixed with 0.25 gram of pure finely powdered anhydrous po-
tassium ferrocyanide, and wrapped in one 1l-cm. filter paper,
if the sample is a graphitic iron, or two papers, if it is a steel or
white iron, placed in a small porcelain crucible, covered with a
lid and annealed at 750 to 850°C. (just above the recalescence
temperature) for 20 minutes in a muffle. The crucible is re-
moved and allowed to cool slowly. The drillings should still be
covered with charred paper. The drillings are now transferred
to the evolution flask and the process continued as described for
the evolution process above. Instead of using an alkaline cad-
mium chloride solution, Elliot uses the following: 20 grams of
CdCl; are dissolved in water and NH,OH added until the Cd-
(OH), dissolves. Then acetic acid is added until the liquid is
acid, then 20 c.c. more. The solution is diluted to 1,000 c.c.
For each determination 50 c.c. are used. According to Elliot,
this solution does not dissolve hydrocarbons, phosphides, etc.,
as alkaline solutions do.

This process gives good results even on alloy steels and titan-
iferous pig iron.

REFERENCES ON THE EvoLuTioN PROCESS:

EvLvioT, J. Iron Steel Inst. (1911), 412. |

ORTHEY, Z. angew Chem., 135964, 1393-9.

KiINDER, Stahl. u. Eisen, 28, 249-254.

Trans. Am. Inst. Min, Eng., 10, 187 (cadmium); 12, 507 (bromine)
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Determination of Sulfur in Ferro-alloys.—Fuse 1-gram sample
of ferromolybdenum, ferrotitanium or ferrovanadium in a
platinum crucible with 10 grams of sodium carbonate and 1 gram
of sodium nitrate thoroughly mixed. After fusion is complete,
thoroughly disintegrate the cake with 150 c.c. of hot water.
Filter and wash well with a hot 2 per cent sodium carbonate
solution. Acidify the filtrate with HCIl, using 5 c.c. excess.
Heat to boiling and add barium chloride to precipitate the sul-
fur as usual. A blank determination, of course, must be made.

Sulfur in ferromanganese is determined as directed for the
gravimetric method for iron and steel. This is also true of spiegel
and silico-spiegel and ferrosilicon.

For ferrochromium fuse as directed for phosphorus. Dissolve
the fusion in water, acidify with HCl, reduce chromium with
hydrogen peroxide until the yellow color is gone (to obtain a
purer precipitate). Precipitate the sulfur with barium chloride
as usual.

Sulfur in Ferrotungsten.—Dissolve a 2-gram sample in a
platinum dish with 15 c.c. of nitric acid and with the addition of
HF, a few drops at a time, until the alloy dissolves, evaporate
nearly to dryness, add 10 c.c. of HF and again evaporate nearly
to dryness; then evaporate twice with HCI, dilute to 250 c.c.
in a beaker, add 10 c.c. HNOj;, evaporate to 15 c.c., add 50 c.c.
of water and 5 c.c. of sulfur-free cinchonine solution, heat nearly
to boiling and filter washing with hot dilute cinchonine solution.
Evaporate the filtrate to dryness, add 30 c.c. HCI and evaporate
until syrupy. Add 4 c.c. of water, filter and wash with hot water,
precipitate the sulfur in the filtrate as usual.

REFERENCE:

U. 8. Steel Corporation, “Methods for Analysis of Ferro-alloys.”



CHAPTER VIII

THE DETERMINATION OF CARBON IN PIG IRON AND
STEEL

The carbon in gray pig iron occurs mostly as mechanically admixed
graphite, with a small proportion as a carbide Fe;C, called ““ cementite,”
present in the eutectoid called “pearlite.” In white iron and chilled
iron, as well as in steel, the carbon exists chiefly cither as a carbide or in
solid solution, forming the phase known as ‘““austenite,” or its transition
form called ‘““martensite.”” Malleable iron (made by prolonged annecal-
ing of white iron) contains carbon in a more finely divided form than
graphite, but not in combination with iron. Unquenched steel contains
practically all its carbon as ‘“pearlite.”

When an iron containing carbon in these different conditions is
dissolved in hot HCI or HNOj (sp. gr. 1.2) the graphite and amorphous
carbon are entirely left as a black residue which can be filtered off, while
the combined carbon stays in solution entirely if HNOj; is used, but
passes off partly as hydrocarbon if HCI is used. A trace of CO
adsorbed in the steel also passes off.

Methods are here given for the determination of “total carbon,”
““combined carbon’’ and ‘‘graphite carbon.”

DeTERMINATION OF ToraL CARBON

The total carbon is usually determined by one of the following
methods:

1. Direct oxidation of the iron and carbon in some form of a furnace
in a current of oxygen. The drillings may or may not be mixed with
an oxidizing agent such as Pb3O4 or CuO in order to insure complete
combustion, or with some flux to permit the oxygen to oxidize the iron
completely.

The CO: liberated may be caught in an alkaline solution and weighed,
or it may be absorbed in an alkaline solution of known strength and the
excess of alkali titrated by standard acid, or, finally, the CO, may be
measured by gas volumetric methods. The last method is not widely
used.

2. The iron is dissolved in a solvent, generally K,CuCly, which leaves
all the carbon, whether free or combined, undissolved. The carbon is
filtered off on asbestos and burned to CO; and determined as above.

106
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The burning or oxidation of the carbon may be done cither in a furnace
(including such dovices as the Shimer crucible) or it may be done
by a wet process, as by combustion in sulfuric and chromic acids.

3. Solution and simultaneous oxidation of the sample in sulfuric,
chromic and phosphoric acids, the CO; being either measured or weighed.

4. When the carbon is present entirely as combined carbon, as in steel,
it may be determined colorimetrically.

Direct ComBUsTION METHOD FOR CARBON

This is the method most widely in usc. When used with proper
precaution it is very accurate and very rapid. A complete determina-
tion can be made in 10 minutes or less.

The complete combustion of steel drillings is dependent upon the
temperature of the furnace. With sufficiently high temperature any
ordinary stecl can be completely burnt in a stream of oxygen without
using red lead or CuO. The temperature ordinarily attainable,
however, is not sufficient to burn completely such alloys as ferrochrome,
cte., and such samples must be mixed with red lead. Pig iron
also requires some copper oxide. The drillings should not be too coarse
or combustion is apt to be incomplete. They should go through a 20-
mesh sieve, although the writer has had no difficulty with coarser
samples when the temperature of the furnace was 1,050°C. Some
chemists place the drillings in as compact a mass as possible in order
that the heat of the burning iron may kecp it at a high temperature.
This will cause the mass to fuse unless the flow of oxygen is carefully
regulated, and cnclose particles of unburned iron and also destroy the
boat. The writer prefers to scatter the drillings along the boat and then
maintain a high enough temperature in the furnace to insure complete
combustion. Some chemists mix the drillings with ignited alumina or
Mn;04 in order to keep the drillings separated.

Such alloys as ferrochrome, ferromolybdenum, ferrotungsten and
the “high-speed steels” cannot be accurately analyzed for carbon by
the methods involving solution in K.CuCly, as hydrocarbons are evolved
upon solution. So they must be analyzed by some form of direet com-
bustion. (Sce JomnsoN, ‘“Chemical Analysis of Special Steels, Steel-
Making Alloys and Graphites,” p. 132 et seq.)

Apparatus Used.—Either gas-heated furnaces or electrically
heated furnaces may be used. The writer prefers the electric
furnace because of the ease with which the temperature may be
controlled and because it does not heat up the laboratory notice-
ably. The bars on the rheostat are numbered and this appara-
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tus is calibrated so that each number corresponds to a certain
temperature in the furnace. This avoids the continual use of a
pyrometer.

The carbon train shown in Fig. 7 is as given in “ Method of the
Chemists of the U. 8. Steel Corporation for the Sampling and
Analysis of Pig Iron and Steel.”

A is a high-pressure oxygen tank. The oxygen made by the
processes which separate oxygen from the nitrogen of the air by
refrigeration is quite free from carbon usually.

B are pressure reducing and regulating valves. These are
quite necessary if the oxygen is to be used directly from the
high-pressure tank.

Fia. 7.

C is a purifying bottle. It is filled with soda lime to remove
any CO, which the oxygen may, but does not usually, contain.

D is the combustion tube and furnace. The furnace is an
electrically heated one, such as is made by the Hoskins Company.
The current used for heating is controlled by a rheostat and, if
necessary, after stepping the voltage down with a transformer.

The combustion tube in the furnace, and in which the com-
bustion of the sample takes place, is made of fused silica or dense
clay (Johnson’s combustion tubes) and preferably has one end
drawn out to an outside diameter of 5{g in. so that a rubber
tube will fit over it. The right-hand end is closed with a special
brass plug, as shown in the figure, or by a two-hole rubber stopper.
Through one of the holes the inlet tube for the passage of the
oxygen is placed and through the other a glass tube with a bulb
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on the inside of the furnace is inserted. Through this bulb a
small stream of water is circulated during the determination to
keep the rubber cool.

The combustion tubeis 24 in.longand 74 in. in internal diameter.
The half of the tube at the exit end is packed with asbestos impreg-
nated with iron oxide prepared as follows: Saturate shredded
asbestos with a 10 per cent solution of ferrous sulfate, dry and
ignite at 1,000°C. until all SO; is expelled. The iron oxide oxi-
dizes any carbon monoxide which might be made during the
combustion of the sample to carbon dioxide, causes the oxidation
of sulfur dioxide to sulfuric anhydride and the asbestos also
protects the rubber connection at the end of the tube from the
heat of the furnace. The SO; combines with the iron at the
cooler part of the furnace and is removed from the gas stream.
Occasionally, the iron-impregnated asbestos should be removed
after a hundred or more combustions and ignited to remove the
accumulated sulfate. Behind the asbestos packing is placed a
plug of nichrome gauze to hold it in place. It is well, though not
essential, to place a sleeve of sheet nickel in the central part of
the tube where the combustion boat is placed to protect the
silica. walls from the fluxing action of the iron oxide which is
spattered during combustion. The nickel must be ignited at
1,000°C. for several hours to remove carbon.

E is a drying tube containing phosphorus pentoxide to remove
all water from the gas stream going to the weighing apparatus.
The form shown is better than a vertical tower because the P;0s
reacts with moisture from the gas, producing liquid H;PO,,
which runs to the bottom and tends to stop up a vertical tower.
When the carbon is to be determined by titration instead of by
gravimetric methods, the drying tube may be omitted.

F is the weighing and absorption bottle. It is prepared as
follows: Place a layer of glass wool 14 in. thick on the bottom.
Fill the bottle to about 1 in. from the neck with ‘“soda asbestos,”
cover the “soda asbestos” with a 14-in. layer of asbestos and then
fill the rest of the bottle to the neck with phosphorus pentoxide
and cover this with a layer of asbestos packed down lightly. The
soda asbestos may be obtained from the chemical supply houses.

G is an “indicator bottle’’ of Ba(OH),. This shows the rate the
gas is passing through the train and also immediately shows when



110 METALLURGICAL ANALYSIS

the absorbing bottle is failing to function properly, as any CO.
escaping the absorbing bottle will cause a precipitate of BaCO;
to form. It is well to put a CaCl, tube between the absorbing
bottle and the indicator bottle to prevent water vapor from
working back into the P:0;.

Attach an aspirator bottle to the end exit of the train with the
bottle filled with water.

Process of Analysis.—After the furnace is heated up to 1,000°C.
the aspirator is opened while the tube at the inlet end is closed.
If the apparatus is tight, no bubbles will pass through the indica-
tor bottle after a few minutes. If it is not tight, it, of course,
must be made so. Disconnect the aspirator and pass oxygen
through at the rate of four or five bubbles per second for several
minutes, detach the weighing bottle and weigh, using a similar
apparatus as a counterpoise. Again attach the weighing bottle,
aspirate through 1,000 c.c. of oxygen, detach and again weigh.
There should not be either gain or loss in weight. If there is
none, everything is ready for the determination.

Weigh 2 grams of the proper sized sample. Pour into a boat,
preferably one of alundum or silica, pure alundum sand enough
to cover the bottom of the boat and heap up against the sides
when a trough is made in the sand with a spatula. The sand
should be fine enough to pass through a 30-mesh sieve. Scatter
the sample drillings in this trough so they do not heap up above,
and do not touch the boat. Open the furnace tube at the inlet
end, quickly push the boat to the middle of the furnace and close
the tube and connect to the oxygen supply. Assoonastheoxygen
gets to the sample, combustion commences rapidly, and the
oxygen will flow in with a rush, causing such rapid combustion
of the iron that it will fuse unless the flow of oxygen is regulated.
It should be so regulated that 2 grams of iron burn completely
in three to four minutes. The end of the combustion is shown
when the oxygen begins to flow rapidly through the Ba(OH),
bottle. If the combustion has been complete, about 650 c.c.
of oxygen will have been used. During the combustion period,
very little oxygen will be flowing through the Ba(OH). bottle,
but a small amount should do so. After the combustion period,
continue to pass oxygen or air through for five minutes. Detach
the weighing bottle and weigh. The weighing must be done
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promptly when the ends are not capped. If the apparatus is
weighed filled with oxygen it should be capped; if filled with air,
the caps are not necessary. The increase in weight multiplied
by three-elevenths gives the amount of carbon present.

In order to save oxygen, air may be aspirated through before
and after the combustion, but this takes more time. The soda-
asbestos bottle may be filled with air by detaching from the
furnace and drawing through air, dried by first passing over
caleium chloride. If the bottle is weighed filled with oxygen
before the combustion, it must also be weighed with the same gas
after the combustion. It should be counterpoised on the balance
with another similar weighing bottle.

The weighing apparatus is again attached, the boat and its
contents removed from the furnace and all is ready for the next
determination. The weighing bottle can be used 200 to 400
times before it needs to be refilled.

In the case of pig iron and many alloys, the process is just the
same as above given, except that an equal weight of CuO is
mixed with the drillings.

Notes on the Process.—The ends of the combustion tube may be
kept cool by being wrapped with asbestos cloth, the ends of which dip in
a beaker of water. It is also well to have a plug of asbestos in front
of the stoppers to protect them from heat radiation from the walls of
the tube.

Steel drillings and red lead should not be spilled in the tube, as they
combine with the silica and destroy the tube. It is well to have a
little silica sand scattered about the bottom of the tube to combine
with spilled material.

The sand and red lead used should be thoroughly ignited before use
in order to remove any carbon. The same is true of the boat.

The boats used may be molded of clay or may be made of silica,
porcelain, alundum or platinum. The writer prefers the alundum, clay
or silica boats. Each one should last for many determinations when
properly protected with sand. Boats made of molded asbestos are
sometimes used.

While, as a rule, it is not necessary to use Fe;O; in the furnace, it is
safest to do so in order to burn any CO which may have been formed.
CuO may also be used. It may be used without injuring the silica tube
as follows: A roll of CuO gauze is wrapped with asbestos paper and
then placed in the tube on pieces of broken alundum boats. The CuO
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should be well within the furnace. A plug of palladiumized asbestos
completes the precautions for complete combustion of any CO possibly
present, and also protects the stopper on the exit side of the furnace
from heat radiation. The palladiumized asbestos is made as directed on
page 337.

Asbestos impregnated with iron oxide is more convenient and just as
effective as the CuO method.

The temperature of the furnace should be not less than 950° and
preferably as high as 1,050°C. At lower temperatures, combustion of
the sample is not complete.

Instead of a silica tube, a porcelain one may be used. Porcelain
breaks more easily than the silica tube when heated or cooled. Plati-
num tubes are used in some works and are very desirable, but their first
cost is very high. Johnson’s clay tubes are very satisfactory.

It must be remembered that the CO and CO, dissolved in steel will
be included in the carbon obtained by this method. This may make
the results as much as 0.05 per cent too high.

When the apparatus shown in Fig. 7 is used, it is possible to carry out
the combustion extremely rapidly, passing through as much as 400 c.c.
of oxygen per minute. When this extremely rapid method is used the
iron fuses. When the oxygen rate is limited to four or five bubbles per
second the drillings do not fuse and a longer time is required, but com-
bustion is as complete.

It has been shown by the U. S. Burcau of Standards that for perfect
results the burnt drillings left after combustion should be removed,
ground in an agate mortar and a second combustion carried out. This
is especially true of the high alloy steels.

Barium CARBONATE METHOD FOR CARBON

On damp days it is difficult to weigh a large absorption apparatus
accurately on account of the varying amounts of moisture on the surface
of the glass at different weighings. Consequently, many chemists pre-
fer to absorb the carbon dioxide in barium hydroxide solution and weigh
or titrate the BaCO;. This is carried out as follows:

Process of Analysis.—In place of the weighing apparatus,
attach a Meyer tube (M, Fig. 8) in which has been put 100 c.c.
of a saturated Ba(OH), solution. Carry on the combustion as
directed above, and when the CO, has all been absorbed filter
off the BaCQ; according to the following directions. Connect
the absorption bulb as shown in Fig. 8. Sis a two-way stop-
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cock connected with suction. The bubble tube (Meyer tube)
is fitted with two rubber stoppers through which short pieces of
glass tubing pass. The filter C contains an ashless filter paper.
Insert the stopper in the funnel and connect it with the Meyer
tube, as shown in the drawing, and apply very gentle suction.
When necessary open P; to admit air back of the liquid after
the contents of the tube have all been transferred to the filter
bottle, half fill the large bulb nearest B with water by opening the
pinch-cock P;; operate the stop-cock S during this and subse-
quent operations so as to maintain gentle suction. Manipulate

Fia. 8.

the tube M so as to bring the wash water into contact with all
parts of the interior and then suck out the water through C;
during this and the subsequent washings leave the pinch-cock P,
open. After eight washings, allowing the wash water to drain
off thoroughly each time, detach M and complete the washing
by filling C to the top with water free from carbonic acid, sucking
dry and repeating the operation once more.

Burn off the filter paper at a dull red-heat and weigh the BaCO;.
The weight multiplied by 0.0608 gives the carbon.

To determine the carbon by titration proceed as follows:
Put the filter paper and contents in a small flask, add an excess
of N/10 HCI, and shake the flask to open the paper, add a few
drops of methyl orange solution and titrate the excess of acid
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with N/10 NaOH. The difference between the amounts of
N/10 acid and alkali used multiplied by 0.0006 gram gives the
carbon.

See page 28 for direction for preparation of N/10 HCl and
N/10 NaOH.

Instead of using a chemical indicator for the end point, the
carbon may be exceedingly accurately determined by the elec-
trometric method, measuring the change in resistance of the
solution as the Ba(OH). is precipitated from solution as BaCO,.
(See Cain and MaxXWELL, Tech. Paper 141, U. S. Bureau of
Standards.)

Notes.—One hundred and fifty cubic centimeters of wash water will
dissolve about 0.0003 gram of BaCO; = 0.000018 gram of carbon. This
would be negligible for most purposes, and the amount dissolved would
be really less than this because of the repression of solubility during the
first washings by the barium hydroxide still present; also, it is quite pos-
sible that in the rapid passage through the filter there has not been
sufficient time for the wash water to become saturated with barium
carbonate.

When using this method the caleium chloride or phosphorus pentoxide
in the purifying and absorbing trains is not necessary.

When working with steels high in carbon (above 1 per cent) it is
advisable not to use more than 1 gram, in order that filtration may be
sufficiently rapid. For very accurate work the Meyer tubes should be
washed with dilute acid before beginning work each day. After a
determination is finished, the Meyer tube should be completely filled two
or three times with tap water, then rinsed with distilled water, in order
to remove the carbon dioxide liberated when dissolving the carbonate
from the previous determination.

The flask containing the carbonate should be very thoroughly agitated
after adding the acid, since the carbonate sometimes dissolves rather
slowly if this is not done; this is particularly the case if it has packed
much during filtration.

The rubber tube connecting B (see Fig. 8 ) to the Meyer tube should
be washed with a little water from B, before beginning determinations
each day.

REFERENCE:

Cain, J. Ind. Eng. Chem., 8 (1914), 465.

Other Direct Combustion Processes.—For alloys, F. Wiist mixes
the sample with five times it weight of a powdered alloy composed of
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three parts of tin and one part of antimony and ignites in a current
of oxygen at 900°C. Combustion is complete in 10 minutes. (Met~
allurgie, 7, p. 321.)

DeNolly and Queneau burn the sample of steel in a flask. The
sample is suspended in a boat in the flask and is ignited by means of
electricity applied by means of a pair of electrodes which touch the
drillings. A current of oxygen is dirccted on the drillings until com-
bustion is complete. The CO, is absorbed in a known volume of
standard alkali which is titrated after the flask is cool. Sulfur is
said not to interfere. Time required is five to seven minutes. (See
DeNowvLy, Chimiste, 3, 26; QUENEAU, Met. Chem. Eng., 9, 441.)

Mabhler and Goutal employ a bomb and burn the sample in oxygen
at eight atmospheres pressure. The drillings are fired electrically by
means of a fine wire as in calorimetry. The gas is passed through
Ba(OH),, which is titrated with oxalic acid. (Compt. rend., 163, 549.)

Tue DErETERMINATION OF CARBON IN Pic IRON AND STEEL
INVOLVING SEPARATION OF THE CARBON FROM IRON

Not many years ago this method was widely used but it has been
displaced by direct combustion. It is now used only for special work,
and, therefore, will not be deseribed in detail.

When a sample of iron is dissolved in a strong solution of K,CuCl,
all of the carbon in the sample is left undissolved, whether it be present
as graphite, combined as FesC or in solid solution as austenite. The
reactions may be represented as follows:

Fe + KyCuCly=FeCl; + Cu + 2KCl
and
FesC + 3K,CuCly=3FeCl; + 3Cu + C 4+ 6KCl.

The copper then redissolves as follows:
KgCuCh + Cll = 2KCUClz

The carbon liberated can be filtered off and ignited to CO; by either
wet or dry oxidation.

It is essential that there be no hydrogen liberated during the solution
of the iron, or hydrocarbons will be liberated, causing loss of carbon.
The method cannot be used on some alloy steels or ferro-alloys because
of such loss of carbon. According to Moore and Bain (J. Soc. Chem.
Ind., 27, 845), when steel is dissolved in K,CuCl,, there is a slight
loss of carbon or hydrocarbon. The higher the percentage of carbon
1 solid solution, the greater seems to be the loss. Thus, the loss is
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greater on a hardened steel than on the same steel after annealing.
(DILNER, J. Iron Steel Inst., 11 (1904), 255.)

The carbonaceous residue often contains some silica and phosphide
of iron and sulfide of copper. Alloy steels may also give a residue of
tungsten, chromium, vanadium and molybdenum.

The KCl serves to hold the cuprous salt in solution and greatly hastens
the action.

This solution has a tendency to dissolve organic matter, which is liable
to be subsequently precipitated with the carbon in the steel. This is
especially true of the ammonium salt, it being very difficult to obtain it
free from organic matter (derived from the ammonium salts used in
its manufacture). The salt should be thoroughly purified by recrystal-
lization. The potassium salt is more easily obtained free from this
contamination, and for this reason is to be preferred.

A large cxcess of the solution is required to prevent separation of
metallic copper with the carbon.

Tue DErTERMINATION OF CARBON IN STEEL BY COLOR

This method has been in general use in steel works, but is almost
displaced by the direct combustion method. It depends upon the fact
that when stecl is dissolved in dilute HNO; a brown compound con-
taining the carbon forms. This goes into solution, on boiling, coloring
the liquid more deeply as the percentage of carbon is higher. Pure iron
dissolves in HNO; (sp. gr. 1.2) giving a ncarly colorless solution, from
which every trace of color is removed by moderate dilution.

The color produced by the carbonaceous matter is rapidly altered by
light. Its depth depends somewhat on the mode of solution, the con-
centration of the acid and the kind of steel, hence the process must be
conducted strictly according to rule to get concordant results.

There is required: First, a standard steel, which must be of exactly the
same kind as that to be tested, and also similar in its composition and of
approximately the same carbon percentage. The carbon in this must
have been accurately determined gravimetrically. Second, nitric acid
of sp. gr. 1.2, perfectly free from chlorine, the least trace of which will
seriously alter the color of the iron solution, making it more yellow.
The above strength corresponds to one volume of concentrated acid to
one volume of water. Third, comparison tubes of clear white glass,
graduated in 1{ c.c., and of exactly equal diameters.

For comparing the colors an arrangement such as is shown in Fig. 9
is convenient. It consists of a wooden box open at one end and closed by
a sheet of ground glass at the other. The glass is covered with black
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paper, except the two slits A, before which the tubes are placed and
compared by the observer, who looks into the large end of the box. The
tubes are carried by a little rack B, which can be revolved by turning the
knob C, and the tubes thus reversed without taking them out of the box.
This reversal of the tubes is important, as the cye will usually sec the
right-hand tube darker. In the
absence of such a ‘camecra,” a
piece of wet paper on a window
makes a good temporary back-
ground. Many kinds of colorim-
cters are on the market.

If the steel contains much sulfur,
the solution will be slightly turbid
from free S. Comparison is
difficult in this case.

The volume of acid used should
bear some relation to the percent-
age of carbon present. The
amount of metal taken must be
increased when the carbon is low.
It is essential that both standard and sample be treated exactly
alike, as to the amount of sample taken, time of heating and volume
of acid. It is especially important that the standard and the
sample should have undergone the same ‘“heat-trcatment” in their
manufacture. Only the combined carbon is determined by the color
method, any free carbon present not affccting the color.

<

Process of Analysis.—Weigh 0.2 gram of the stecl and of the
standard, each into a 6-in. test-tube. Add to each tube a mea-
sured volume of cold HNO; (sp. gr. 1.2) using the following
amount: for steels with not over 2{ per cent carbon, 4 c.c.; from
2{0 to 3{o per cent, 6 c.c.; from 3{¢ to 1 per cent, 8 c.c.; and
over 1 per cent, 10 c.c.

Stand the tubes in cold water till violent action ceases. Then
set them in boiling water and heat until the solution is perfectly
clear and no more fine bubbles of gas appear. Keep the mouths
of the test-tubes closed loosely by little glass bulbs or balls to
prevent drying of the iron salts on the sides of the tubes. The
time required will be from 15 to 30 minutes, according to the
percentage of carbon in the steel. Now cool the tubes in water.
Add an equal volume of water to each and pour into the com-
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parison tubes. Dilute carefully until the colors matech. The
percentages of the carbon will be to each other as the volumes of
the liquids in the tubes.

Where a number of steels are to be tested at once, it is conve-
nient to dilute the standard until each cubic centimeter repre-
sents some definite percentage of carbon, and then match it with
the others, so that the readings in cubic centimeters can be
readily converted to per cents. For example, if the standard
contained 0.38 per cent carbon, dilute it to 19 c.c., then if a
comparison showed the unknown steel to read 16 c.c. it would
obviously contain 0.32 per cent carbon.

Where the color carbon process is used on steels of compara-
tively uniform contents, it is usual to take 10 c.c. of acid and then
enough of the sample to give a sufficiently marked color with
this amount; for example, 0.5 gram of steel and 10 c.c. of acid.
In the case of very low-carbon steel (under 0.2 per cent), 1 gram
of steel may be dissolved in 20 c.c. of acid.

Notes on the Process.—The color process can be applied to pig iron
and gives an approximate determination of its combined carbon. In
this casc a solution of the sample and of the standard must each be
filtered through a small filter and the solutions compared. Filters of the
same size and a pig iron standard must be used.

The use of permanent standard colors, either organic or inorganic,
such as the mixed chlorides of iron, copper and cobalt, has been tried.
This is not advisable, as it does not provide for the variations in color due
to slight differences in the treatment, as well as does the trecatment of
standard and sample together. (For these methods see Trans. Am. Inst.
Min. Eng., 1, 240; 16, 111.)

For very low-carbon steels the color is faint and uncertain. An
alkaline method has been used on such metals. (See StEAD, J. Iron
Steel Inst. (1883), No. 1, 213.)

THE DETERMINATION OF THE GRAPHITE IN Pic IrRoN

When pig iron is boiled with HCI or dilute HNO; the combined carbon
is converted into solid, liquid or gaseous hydrocarbons or nitro com-
pounds, while the graphite is all left insoluble. The non-volatile hydro-
carbons are soluble either in alkalies, in alcohol or in ether. The
graphite or uncombined carbon is not acted upon by any of these
reagents but remains in the residue as a black mass. The residue may
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also contain hydrated silica and frequently titanium carbide and free
sulfur. The silica holds water tenaciously and cannot be thoroughly
dehydrated below a red-heat. Titanium carbide is decomposed by
HNOs;, but not by HCI; while sulfur is separated by dilute HNO;, but
not by HCL. Graphite is not at all oxidized by HNOj; (sp. gr. 1.2). The
use of nitric acid is preferable with gray irons low in combined carbon,
while HCl is better for white iron high in combined carbon and for ferro-
silicons, as these only dissolve with difficulty in HNO;. The carbon in
in the residue can only be accurately determined by combustion.
REFERENCES:
SHIMER, J. Am. Chem. Soc., 17, 873.
DrowN, Trans. Am. Inst. Min. Eng., 3, 41.

Process of Analysis.—Treat 2 grams of drillingsin a beaker with
50 c.c.of HC1(sp.gr.1.12). Cover and boil briskly for 30 minutes.
Dilute, filter on an asbestos filter and wash with hot water until
all iron salts are removed. Then pour on a little HCI and wash
again with water. Now wash the residue with a 30 per cent
solution of caustic soda, then with water, then with alecohol,
then with ether, and finally with cold water and then hot water
till every trace of ether is extracted. Now transfer to the carbon
apparatus and determine the carbon with chromic acid and
sulfuric acid, or by combustion in oxygen.

This complicated washing is required to remove the solid and liquid
hydrocarbons which are likely to form and are insoluble in water alone.

The ether must be followed by cold water; if hot water were added at
once, it would make the ether boil and might throw the carbon out of the
filter tube. Nitric acid of sp. gr. 1.135 can be substituted for HCl with
such irons as are readily dissolved by it. If a little HF is added to the
solution after the metal is dissolved, it will frequently greatly facilitate
the filtration by preventing the separation of silica in a gelatinous form.
By using a sufficient quantity of acid of the right specific gravity, most
of the silica will usually remain in solution.

DETERMINATION OF THE GRAPHITE BY DIRECT WEIGHING

This method gives satisfactory results on many irons. It is quite
generally used as a rapid method. It should be checked by the combus-
tion method when applied to kinds of iron not previously tested.

The residue is dried at 100°C. and then burned and the loss of weight
assumed to be carbon. Any sulfur or water which the residue contains
will, of course, be rated as carbon.
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Process.—Weigh out 2 grams of the drillings into a 250-c.c.
beaker. Add 100 c.c. of HCI (sp. gr. 1.1), or of HNO; (sp. gr.
1.135). Boil gently till all action ceases. Keep the beaker
covered to prevent evaporation and concentration of the solution
which may cause the separation of silica. Finally add 3 or
4 drops of HF and boil again. Prepare a Gooch perforated
crucible as follows: First, heat, cool and weigh it; second, fit
into the bottom of the crucible a disc of ashless filter paper and
dry the paper and crucible at 100° for 20 minutes and weigh again.
Filter the solution through this crucible in the ordinary way,
transferring the residue with cold water. Then wash the residue
with hot dilute HCI, then with hot water and then with a 5 per
cent solution of NH,OH. When the filtrate runs through
colorless, finally wash with a mixture of equal parts of alcohol
and ether. Now dry the crucible and contents at 100°C. to
constant weight, which will take from 10 to 20 minutes. Now set
the crucible over a Bunsen burner flame and burn off the residue.
When all the carbon has burned away, weigh the crucible again.

By subtracting the weight of the crucible with the filter paper
from the weight of the crucible plus the filter paper plus the
residue, the weight of the residue is obtained. Subtractingthe
weight of the empty crucible from the final weight of the crucible
plus the incombustible portion of the residue gives the silica
and other mineral matter with the carbon. Subtracting this
remainder from the total weight of the carbonaceous residue gives
the weight of the graphite. A still better way is to use an
asbestos mat in the Gooch crucible.

Instead of using a Gooch crucible, two small tared filters can
be taken and the residue then burned out in an ordinary crucible,
but this is not nearly so convenient.

The above method is essentially that given by A. B. Harrison in
“Methods of Iron Analysis Used around Pittsburgh,” 2nd ed., p. 85.

REFERENCES:

For variations of the method and discussion of the results consult:
Davanerry, Chem. News, Sept. 8, 1899,

CroBAUGH, J. Am. Chem. Soc. (1894), 104.

Avucny, J. Am. Chem. Soc. (1900), 47.



CHAPTER IX

THE DETERMINATION OF NICKEL AND COBALT IN
STEEL

The method for nickel here given is that of Moore, modified by
Johnson. It is very rapid and accurate and no elements interfere except
copper and cobalt, which are usually present in steel in very small
amounts. The copper reacts like nickel and, if present in more than
traces must be separated as directed on pages 154, 126.

The method depends upon the following reaction:

Ni(NH;)6304 + 4KCN =K,Ni(CN), + K250, + 6NH..

This reaction takes place in a solution slightly alkaline (with
ammonia) and a very large amount of iron may be present without inter-
fering, if, before making alkaline, a large amount of citric acid is added.
The citric acid combines with the iron to form un-ionized iron citrate
which does not allow the iron to precipitate when the ammonia is added.

The end point of the reaction between the nickel and the cyanide is
shown by the disappearance of a turbidity due to the presence of silver
iodide. The reaction is:

Agl 4+ 2KCN =KAg(CN). 4+ KL

Copper can be separated from nickel easily by the use of H,S, but
cobalt is not so easily separated. Nickel can be quantitatively separated
from small amounts of cobalt by precipitating it with dimethylglyoxime
and cobalt can be separated from nickel by precipitating the cobalt with
nitroso-B-napthol. Nickel and cobalt along with vanadium, copper,
manganese and aluminium can be separated from iron by extracting the
chlorides with ether, only a small amount of iron remaining with the
nickel, etc. (See page 125.)

For rapid routine determinations of nickel the cyanide titration
method is recommended, but for the most accurate results the dimethyl-
glyoxime should be used.

Cyanide Titration Method.—Dissolve 1 gram of steel drillings
in a 150-c.c. beaker with 20 c.c. of 1:1 HCl. When action ceases
add 10 e.c. of 1:1 HNOs.

121
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Reduce the volume to 15 c.c., remove the beaker from the heat
“and pour into it 8 c.c. of sulfuric acid diluted with 25 c.c. of water.
Transfer the contents of the beaker to a 400-c.c. beaker contain-
ing 12 grams of powdered citric acid and stir until it is all dis-
solved. Make the solution faintly but distinctly alkaline with
1:1 NH,OH. Do not add much excess as it causes low results.
Cool the solution and dilute to about 300 c.c. If it is turbid,
filter it.

Add to the cold solution 2 c.c. of 20 per cent solution of
potassium iodide and then run in from a burette a standard solu-
tion of silver nitrate, with stirring, until a distinct turbidity due
to silver iodide is produced. Then titrate with the standard
cyanide. Run in the cyanide with constant stirring until the
turbidity just disappears. The cyanide first reacts with the
nickel then attacks the iodide. If it is thought that the end point
is passed, add another measured amount of silver nitrate until a
turbidity is formed and again titrate with the cyanide until the
turbidity just disappears. It is best to have another beaker con-
taining a solution to be titrated to which no silver nitrate has
been added sitting beside the one being titrated, so as to have a
clear solution of the same color to compare with. If the citric
acid was dirty, the solutions will be cloudy and should be filtered
before the silver nitrate is added.

Standardization of the Solutions.—Dissolve about 5 grams of
KCN and 1 gram of KOH in water and dilute to 1 liter. The
KOH makes the KCN solution keep better. Also dissolve 2.900
grams of AgNOj; in water and dilute to 500 c.c. One cubic centi-
meter of each will be equal to about 0.001 gram of nickel. To
standardize them, weigh out 1 gram of nickel-frce steel and add
0.3370 gram of NiSO,(NH,).S04.6H,0, which contains 14.85 per
cent of nickel, and treat just as above directed for a nickel steel
up to the point of titration. Make the titration carefully until
the turbidity just disappears. Now add 10 c.c. of the cyanide in
excess and titrate with the silver nitrate until a turbidity just
appears. This second titration gives the relation between the
silver nitrate solution and the cyanide solution. For example,
suppose that in the first place 0.5 c.c. of silver solution was added
and 50.5 c.c. of cyanide were used. Then suppose that it took
10.8 c.c. of silver nitrate solution to produce a turbidity after
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the 10 c.c. of extra cyanide were added.  The cyanide required to
titrate the nickel would be 50.5 — 0.5 X T}—)% = 50.04 c.c.
Since the amount of nickel present was 0.3370 X 0.1485, or
0.050 gram, the strength of the cyanide is 0.050 < 50.04 =

0.0009992 gram Ni per cubic centimeter.

Notes on the Process.—Thec presence of sulfates is nccessary to obtain
a sharp end reaction. Silver iodide is soluble in a large excess of NH,-
OH, so care should be taken to have the solution only slightly alkaline
with NH,OH, but it must be alkaline.

If the titrated solutions are allowed to remain in the open beakers for
some time a white film forms on the surface, but no account is to be
taken of it.

When chromium is present, proceed cxactly as described above, except
add 24 grams of citric acid. Instead of using so much citric acid, some
chemists use citric acid and sodium pyrophosphate.

The silver nitrate solution used should not be stronger than that
indicated above, for when a strong silver solution is used, the silver iodide,
instead of forming a turbid solution, settles out as a curdy precipitate
which does not readily react with the cyanide. If a ferronickel is being
analyzed, a stronger solution of KCN should be used.

Such elements as vanadium, chromium, tungsten, molybdenum or
manganesc do not interfere, even when present in large amounts in the
sample.

REFERENCES:
JounsoN, “Chemical Analysis of Special Steels, Alloys and Graph-
ites.”
Grossman, Chem. Ztg., 36, 673.
JamiesoN, J. Am. Chem. Soc., 32, 757.
BoyLg, Chem. Eng., 14, 288,
DauGuirTY, Chem. News, 95-261.

THE DIMETHYLGLYOXIME METHOD FOR NICKEL

This is a very accurate and fairly rapid method. Copper and cobalt,
if present, do not interferc and for this reason steels containing more than
traces of copper or cobalt should be analyzed by this method. In cases
of dispute, umpire analyses should be made in this way.

From faintly ammoniacal solution, dimethylglyoxime precipitates
nickel promptly and completely as a voluminous red compound, nickel
dimethylglyoxime, which is soluble in acid sofutions. The precipitate
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has the composition (CH3),C2(NOH),Ni(CH;),Cy(NO); and when dried
at 115°C. contains 20.32 per cent nickel.

For use, the dimethylglyoxime (CH;CNOHCNOHCHS;) is dissolved in
alcohol, 1 gram to 100 c.c. Since the precipitate is distinctly soluble in
a solution containing more than 50 per cent of alcohol, the volume of the
solution to which the alcoholic dimethylglyoxime is added should be
greater than that of the alcoholic solution.

Method of Analysis.—Treat the sample exactly as was directed
for the cyanide determination of nickel until the ammonia is
added to the solution containing citric acid. As soon as the
solution becomes alkaline, add acetic acid until it is acid and then
heat to boiling. Now add about 20 c.c. of the dimethylglyoxime
solution, or five times as much dimethylglyoxime as there is
nickel present. Then add ammonia until the solution smells
slightly of ammonia or reacts alkaline. While still hot, filter on
a weighed Gooch crucible, wash well, dry at 110 to 120°C. for
45 minutes and weigh. Multiply the weight by 0.2032 to get the
weight of the nickel.

Notes on the Process.—The nickel dimethylglyoxime sublimes at
250°C., hence it should not be heated too long and too hot.

In the precipitation large amounts of ammonium salts do no harm,
but an excess of ammonia tends to prévent the formation of the
precipitate.

If cobalt be present in considerable amount, the solution should be
diluted to 100 c.c. for every 0.10 gram of cobalt.

The dimethylglyoxime method, when properly modified to suit the
samples, makes an excellent method to determine the nickel in ores.

The reagent is expensive. It may be recovered by mixing the nickel
salt to a paste with water, warming with potassium cyanide, filtering
hot and precipitating the oxime with acetic acid.

High-silicon steels should have the silicon removed before precipitat-
ing the nickel. If the nickel content is less than 0.100 per cent, it is
best to carry out the ether separation for nickel as given on page 125.

When the nickel is low in amount, under 0.2 per cent, the precipitate
settles slowly and should be allowed to stand several hours before
filtering.

When the sample contains cobalt, an excess of 10 c.c. of ammonia is
added, then 10 c.c. of a 10 per cent solution of sodium chlorate and the
solution boiled for five minutes, then nitric acid is added until only
faintly alkaline and the precipitation made as usual.
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When tungsten is present in small amounts it does not interfere, if
present in large amounts it should be removed as described under
tungsten.

Instead of weighing the nickel dimethylglyoxime, the precipitate may
be dissolved in nitric acid, the solution boiled for five minutes and the
nickel then determined by titration by the cyanide method as previously
described.

REFERENCES:

Brunk, Z. angew. Chem., 20, 834.

IsBOTSON, Chem. News, 104, 224,

Parr and LINDGREN, Trans. Am. Brass Founders Assoc., 5, 120,
describe a method for titrating the nickel dimethylglyoxime.

KeLrey and Conant, J. Ind. Eng. Chem., 8, 804.

TuE DETERMINATION OF COBALT IN STEEL

Cobalt is present to some extent in all samples of iron and steel that
contain nickel. It is now being intentionally introduced into some
varieties of high-speed steel, and in stainless steels.

Cobalt is separated from most of the iron in a hydrochloric acid
solution by means of the ether separation, along with nickel, manganese,
copper, vanadium, aluminium and chromium. In this solution the
nickel and cobalt are separated from the other elements by means of
hydrogen sulfide. If cobalt is present in small amounts it is best sep-
arated from the nickel by Ilinsky and Knorre’s reagent (nitroso-3-
naphthol). If present in large amounts it is best to deposit the cobalt
and nickel together electrolytically or weigh as sulfate and then dissolve
the deposit and precipitate the nickel with dimethylglyoxime.

Process of Analysis.—Dissolve 1 to 5 grams of the sample in
30 c.c. of HCI (sp. gr. 1.1). When dissolved add a few drops of
HF, warm and add gradually 1 or 2 c.c. of HNO; to oxidize the
iron. Add 14 gram of sodium chlorate and boil until any
metallic residue is dissolved or tungsten, if present, is a clean
yellow. Filter off any WO; that may have been formed and wash
with 10 per cent HCI until all iron is removed. Add 3 c.c. of
HNO; and evaporate to a volume of 40 c.c. Cool and transfer
to a separatory funnel with the aid of 1.11 sp. gr. HCl.  The total
volume should not exceed 50 c.c. Then 40 c.c. of ether are
added to the beaker and transferred to the funnel, which is stop-
pered and vigorously shaken. Allow the ethereal solution to
separate from the aqueous solution. Most of the iron remains
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in the ethereal solution. Draw off the aqueous solution into a
beaker, add 3 c.c. more of HCI (sp. gr. 1.11) and shake again,
finally drawing off the small amount of aqueous solution into the
beaker. Heat the solution in the beaker cautiously until the
ether is all expelled, add 100 c.c. of 5 per cent citric acid solution,
neutralize with ammonia and add 5 c.c. in excess. Dilute to
200 c.c. and saturate with H,S to precipitate the sulfides of
cobalt, nickel, manganese and traces of iron. Filter and wash
the precipitate three or four times with H,S water. Transfer
the paper and contents to a crucible, roast carefully at a low
temperature and finally ignite at a high temperature for 20 minutes,
cool and weigh. Dissolve the oxides in a 250-c.c. beaker with
50 c.c. of HCI, dilute to 150 c.c., neutralize with ammonia, add
10 c.c. excess and 14 gram of ammonium persulfate and boil
for a few minutes. Filter the oxides of iron and manganese,
wash with water, ignite and weigh. The difference in weight
between this weighing and the weight of the total oxides gives the
weight of cobalt and nickel oxides.

The filtrate contains the nickel and cobalt. Add to it 1 gram
of sodium chlorate and boil for five minutes. Neutralize with
nitric acid, then add ammonia and precipitate the nickel with
dimethylglyoxime as usual, if the nickel is present in small
amounts compared to cobalt. If cobalt is present in small
amounts compared to nickel, precipitate the cobalt out with the
nitroso-3-naphthol after the solution has been made acid with
10 c.c. excess of HCI, as directed below. The nickel and
cobalt were present in the ignited oxides as NiO and Co0;0s.
Calculate the nickel or cobalt obtained by precipitation to the
proper oxide, subtract from the sum of NiO and Co;0s and
calculate the other metal present.

If copper is present, it should be removed after the ether
separation by hydrogen sulfide from the acid solution.

Nitroso-3-naphthol Method for Cobalt.—Dissolve the sample as
directed above, evaporate until salts begin to separate, add 3 c.c.
of water, transfer to a 500-c.c. flask and cool. Add zinc oxide
emulsion in excess as in the Volhard process, dilute to the 500 c.c.
mark. Mix well and allow to settle. Filter off 250 c.c., add
5 c.c. of HCI, dilute to 300 c.c., heat to boiling and add 6 c.c. of
nitroso-g-naphthol solution for each 0.01 gram of cobalt present.
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The cobalt is precipitated as a voluminous red compound with
some of the excess reagent. When the precipitate is settled,
filter the hot solution and wash with 1:1 HCI scveral times and
finally with hot water until no test for chloride is obtained.
Ignite in a porcelain crucible gently at first and finally at a high
temperature until all carbon is burned off and the cobalt is
present as Co3;0s. Weigh and multiply the weight by 0.7343.

The cobalt oxide may be dissolved and titrated by the cyanide
method as directed for nickel if a check is desired.

Notes on the Process. Nitroso-3-Naphthol Solution.—Dissolve 1
gram of nitroso-B-naphthol in 15 c.c. of glacial acetic acid.

Instead of weighing cobalt as Coj04 some chemists prefer to
transform it to the sulfate as directed under manganese on page 80 and
weigh as CoSO, containing 0.3804 cobalt.

Cobalt and nickel may be deposited together clectrolytically from a
solution of the sulfates containing 30 c.c. of ammonia (sp. gr. 0.9) in
excess in 100 c.c., using a gauze cathode and a current of 1 amp.

Nitroso-B-naphthol also precipitates copper, chromium and iron, but
does not precipitate aluminium, lead, cadmium, manganese, nickel,
mercury and zine.

The cobalt nitroso-B-naphthol precipitate is very voluminous, hence
it is not advisable to precipitate large amounts of cobalt in this way.
Its formula is [C10HsO(NO)]:Co.

The cobalt precipitate may be ignited in a Rose crucible with oxalic
acid until all the carbon is burned off and finally reduced to metal by
igniting in a current of hydrogen. It is difficult to eliminate all of the
carbon.

The nickel may be determined in the filtrate from the cobalt by
evaporating with 10 c.c. of H.80, to destroy the nitroso-B-naphthol and
precipitating with dimethylglyoxime or KOH and bromine.

The clectrolytic deposit of cobalt is generally brown or black and the
results tend to bea trifle high. If too small an amount of NH,OH is used,
some nickel or cobalt oxide may deposit on the anode, while too large an
amount retards the deposition of the metals. Nitrates should be absent.

REFERENCES:

Funk, Z. anal. Chem., 46 (1906), 562 (sulfide precipitation).
ILinsky and KNORRE, Ber., 18 (1885), 699, 2728 (nitroso-g-naphthol).
Coravux, Chem. News, 87 (1903), 291 (nitroso-g-naphthol method).
Smits, “Electro-analysis,” p. 122.

MELLOR, ‘“‘Quantitative Inorganic Analysis,” pp. 389, 394.

MagsH, J. Phys. Chem., 18, 705 (electrolytic determination of Ni).
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PrEciPITATION OF NI1CKEL BY ALPHA BENZILDIOXIME

" The alcoholic solution of alpha benzildioxime gives an intensely
red precipitate of CysH2N4O4Ni, when added to ammoniacal solu-
tions containing nickel. The reaction is more characteristic for
nickel than is that with dimethylglyoxime and is more delicate.
In a volume of 5 c.c. (according to F. H. Atack), one part of nickel
in two million parts of water may be detected. In the presence of
100 times as much cobalt only a faint yellow color is produced
by the cobalt. One part of nickel per million of water will cause
precipitation with the compound, whereas no precipitate is
formed with dimethylglyoxime under the same conditions.
With glyoxime, iron produces a pink color; with alpha benzildi-
oxime, ferrous salts give a faint violet color, hence do not interfere
in the detection of nickel. Silver, magnesium, chromium, man-
ganese and zinc do not interfere. Since the nickel precipitate
with this reagent is exceedingly voluminous, it is advisable to
have not more than 0.025 gram of nickel in the solution in which
the nickel is being determined. The method is adapted to the
detection and determination of minute traces of the element up
to small amounts of less than 10 per cent nickel.

Reagent, Alpha Benzildioxime.—The reagent is prepared by
dissolving 0.2 gram of the salt per liter of alcohol, to which is
added ammonium hydroxide to make 5 per cent solution (sp.
gr. 0.96), (50 c.c. per liter).

Procedure.—Proceed exactly as directed for the dimethyl-
glyoxime method, except that if nitric acid has been used it must
all be removed by evaporation with sulfuric acid. The precipi-
tate when dried at 110°C., contains 10.93 per cent nickel.



CHAPTER X

THE DETERMINATION OF VANADIUM IN STEEL, ALLOYS
AND ORES

Vanadium is found in small amounts in some steels, such as spring
steels, containing about 0.15 per cent and in larger amounts in high-
. speed steels, containing up to 2 per cent of vanadium. The vanadium
is present in the steel largely as a carbide when in small amounts. Other
metallurgical materials containing high amounts of vanadium are ferro-
vanadium and iron vanadate. Vanadium ores as mined in this country
contain an average of about 4 per cent or less of vanadium pentoxide.

Vanadium may be determined gravimetrically or volumetrically. In
the gravimetric methods the vanadium is precipitated as lead or mercury
vanadate. The volumetric methods depend upon the fact that
vanadium exists in solutions in the pentavalent and quadrivalent condi-
tions and, as in the cases of iron, manganese, chromium and other
metals with several states of valence in solutions, the amount of vanadium
may be determined by measuring the amount of standard oxidizing or
reducing solutions required to effect the changes.

Determination of Vanadium in Steels Low in Vanadium.—As stated
under the determination of nickel, when a HCI solution of stecl contain-
ing Mn, Ni, Cr and V is shaken with ether and the two layers arc allowed
to settle, the iron remains nearly entirely in the ethereal layer on top
and the chlorides of these other metals go into the heavier aqueous
layer. This enables one to concentrate the vanadium from a large
sample of steel or other alloy, leaving only a small amount of iron with the
vanadium. This method is very exact and should be used in all
important cases.

Satisfactory separation requires that the aqueous solution used must
contain HCI sufficient to make a sp. gr. of 1.1 to 1.3 and the volume of
the solution must be kept small. The ether must be free from alcohol
and should be saturated with HCL.

Process of Analysis.—Dissolve 5 grams of the drillings in
60 c.c. of 1:1 HCl. When action ceases add a few drops of HF,
heat and add 3 c.c. of HNO; and evaporate to about 25 c.c.,
transfer the solution to a small separatory funnel and wash the

129
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beaker with HCI of 1.11 sp. gr., taking care to keep the total
volume of the solution under 50 c.c. Add an equal volume
of ether previously saturated with HCI and shake vigorously,
taking care that the heat of the hand does not cause the ether
vapors to blow out the stopper. Allow the two layers to separate
clear from each other and draw off the lower aquecous solution.
Add 2 c.c. of 1.11 sp. gr. HCI and a few drops of H;0: to the
separatory funnel and again shake, allow the solution to settle:
and draw off the aqueous solution into the beaker containing the
first extract.

Carefully heat the aqueous solution until all the ether is ex-
pelled, add 20 c.c. of 50 per cent H.SO, and cvaporate until
fumes of SO; are given off copiously. Cool, add 5 c.c. of 4
per cent KMnOj4 and heat to destroy all carbonaceous matter.
Add 30 c.c. of HCI and again evaporate to fumes of SO;. Cool
the solution, add 100 c.c. of water and titrate at 40°C. with a
standard N/10 permanganate solution until a faint pink color is
obtained which persists for one-half minute. Each cubic
centimeter of the decinormal permanganate oxidizes 0.0051
gram of vanadium. The end point may be obtained electro-
metrically. (See page 252.)

The determination as above described depends upon the reduc-
tion of any pentavalent vanadium by HCI in hot concentrated
H,S04, under which conditions ferric iron is not reduced to ferrous
iron. The permanganate then oxidizes the quadrivalent to
pentavalent vanadium by the reaction.

5V202(80,): + 2KMnO, + 22H,0 =10H;VO0, + K80, +
2MDSO4 + 7H28()4.

When the sample contains tungsten, the tungsten must first be
removed as directed for the determination of tungsten and the
filtrate from the WO; prepared for the ether separation as above
directed.

Determination of Chromium.—The solution which has been
titrated for vanadium as above directed has all the chromium
which the sample contained, and the chromium may be accurately
determined by adding 5 c.c. of HNO;, 5 c.c. of phosphoric acid
and oxidation of the chromium followed by titration as directed
on page 135.
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Ferrous Sulfate Method for Vanadium.—Dissolve 2 grams of
steel in 20 c.c. of 1:1 H,804 and 60 c.c. of water. When effer-
vescence slows down add 5 c.c. of HNO; and 1 c.c. of HCI and
boil it for 10 minutes, cool, dilute to 100 c.c. and filter. To the
filtrate add 5 c.c. of H;PO4 and then strong potassium perman-
ganate solution until a permanent pink color is obtained. Add
standard ferrous sulfate solution (0.05 normal) until the yellow
color of chromic and vanadic acids is discharged, then add 10
c.c. more, stir thoroughly, add 8 c.c. of a 15 per cent ammonium
persulfate solution and stir vigorously for one minute. Titrate
with a decinormal permanganate solution until a pink color is
obtained which remains for one minute.

Notes on the Process.—The phosphoric acid is used to decrease the
yellow color due to iron. In the presence of much chromium the color
of the solution is a dark green, which makes the permanganate end point
difficult to see. This makes it essential that blank determinations be
made on steels containing no vanadium but approximately the same
amount of chromium as the sample being analyzed. The correction
amounts to about 2 per cent of the chromium present. Thus a steel
containing 1.5 per cent Cr would make necessary a blank of 0.03 per cent
to be subtracted from the results for vanadium. KElectrometric titra-
tion makes this correction unnccessary. (Sce page 252.)

After the titration following HCl reduction as given on page 130
has been made, the results may be checked by adding 5 c.c. of HNO;
boiling several minutes, cooling, reducing with ferrous sulfate, reoxidiz-
ing with persulfate and titrating as directed above.

The ammonium persulfate is used to oxidize all the ferrous iron
present, at the same time the vanadium is unaffected.

It is essential when titrating vanadium with permanganate that the
pink end point persists for at least one minute, as vanadium oxidizes
slowly with permanganate.

After the permanganate titration has been finished the vanadium can
be again titrated by adding 1 c.c. of a 0.1 per cent KsFe(CN); solution
and very carefully adding a 0.05 normal solution of ferrous sulfate until
a drop produces a green color in the solution.

Process for Ferrovanadium.—Dissolve 14 gram of the pulverized
sample in a platinum dish with a mixture of 30 c.c. of water, 30 c.c. of
1:1 HNO; and 20 c.c. of 1:1 H,80,, adding a few drops of HF occasion-
ally until the alloy is completely decomposed and evaporate until copious
fumes of SO; are liberated. Cool, add 20 c.c. of water and transfer to a
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flask, dilute to 400 c.c., add 15 c.c. of 1:1 H,SO,, cool, add KMnO,
solution until a faint pink color is obtained. Add a decinormal solution
of ferrous sulfate until a drop tested on a white plate with potassium
ferricyanide indicator shows the presence of ferrous iron, then add 5 c.c.
excess of the ferrous solution and stir for a minute. Now add 8 c.c. of
15 per cent ammonium persulfate and stir for one minute to reoxidize all
iron. Titrate slowly with a decinormal solution of potassium perman-
ganate until a faint pink color is obtained which persists for one minute.
If the iron value of the permanganate is known, its iron value multiplied
by 0.914 gives its vanadium value.

Instead of reducing with ferrous sulfate, the HCl method as given
on page 130 may be used.

Chrome ores and brick may be analyzed in exactly the same way as
ferrovanadium, except that the ore must first be decomposed by
prolonged fusion with KHSO, or by fusion with Na,COs.

Determination of Vanadium in Materials Insoluble in Acids.—
Fuse 1 gram of the material with 10 times its weight of sodium
carbonate and 1 gram of sodium nitrate. When fusion is com-
plete, cool, disintegrate with water, filter and wash the residue
15 times with hot water. If the material is high in vanadium,
the residue should be fused again with a smaller amount of
sodium carbonate and the extraction repeated. The vanadium
is in the filtrate with phosphorus, chromium, manganese and
similar acid-forming metals.

Gravimetric Method.—The extractions from the fusions as
obtained above contain all the vanadium as vanadate. If the
solution is colored green by manganate, reduce the latter by
adding sodium peroxide in very small amounts. Very carefully
add 1:2 HNO; from which all nitrous acid has been removed by a
current of air, adding the acid drop by drop until the solution ig
nearly, but not quite, neutral. It is essential that the solution
be not allowed to become acid. Add mercurous nitrate solution
and about 0.10 gram of mercurous carbonate, heat short of boil-
ing and filter, wash the precipitate with mercurous nitrate
solution (neutral). Ignite the filter and precipitate cautiously
until carbon is burned off, then raise the temperature to a
bright red.

The residue contains all the vanadium, phosphorus, arsenic
and chromium as oxides. The separation of chromium and



THE DETERMINATION OF VANADIUM IN STEEL 133

vanadium is too tedious to justify further gravimetric methods,
hence the ignited oxides should be dissolved and the vanadium and
chromium determined volumetrically. It would not be satis-
factory to determine them volumetrically in the solutions
resulting from the fusions because the presence of such a large
amount of salts makes the titration inaccurate. For gravi-
metric determination and separation of V and Cr see Briers,
Stahl U. Eisen, 42-775.

Qualitative Tests for Vanadium (and Titanium).—The color of
the phosphomolybdate dissolved in strong sulfuric acid, accord-
ing to Cain and Hostetter, affords a good qualitative indication
of the presence or absence of vanadium. The following test,
elaborated by Johnson, also is good. It depends upon the fact
that in dilute acid solutions hydrogen peroxide produces a
brick-red color with vanadium, due to the formation of pervana-
dic acid. Titanium under the same conditions causes a yellow
color when the peroxide is added. If both vanadium and
titanium are present, a mixed color is obtained. If a clear
yellow is obtained on adding the peroxide, only titanium is
present; but if a reddish color is obtained, both may be present.
If ferrous sulfate is added to the solution after the hydrogen
peroxide, the reddish color of the vanadium disappears first,
leaving the yellow of the titanium.

Procedure.—Dissolve 0.5 gram of the sample in 10 c.c. of 1:3
sulfuric acid, heating until action ceases. Add 5 c.c. of concen-
trated nitric acid and boil until red fumes are all gone. If
tungsten be present, filter. Pour half of the solution into each
one of two 6-in. test-tubes. Then add to one tube 5 c.c. of water
and to the other 5 c.c. of a 3 per cent solution of hydrogen perox-
ide. If vanadium be present, the tube to which the peroxide
was added will be distinctly redder than the other, even if there
be only a few hundredths per cent of vanadium in the sample.
If titanium but no vanadium be present, the color will be a clear
yellow. If a red color is produced, vanadium, and possibly
titanium, is present. Add N/20 ferrous sulfate, 1 c.c. at a time,
shaking after each addition, until red color gradually fades. If
titanium be present, the red will change to a clear yellow. If
none be present, the red will gradually fade out without changing
to yellow.
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CHAPTER XI

DETERMINATION OF CHROMIUM IN STEELS AND
ALLOYS

Chromium is present in steels largely as carbide of chromium unless the
chromium is in large amount. Usually the chromium is not much over
1 per cent of the steel, although in special steels, such as high-speed steel,
it may go up to 5 per cent or more. Other alloys containing large
amounts of chromium are the resistance alloys, such as nichrome.

The determination of chromium is almost always accomplished vol-
umetrically. Chromium exists in solutions as the trivalent and hexava-
lent compounds. The measurement of the amount of chromium in
solution is very accurately and easily accomplished by determining the
amount of a standard reducing solution, usually ferrous sulfate, which is
required to reduce the chromium from hexa- to trivalent condition.

Process for Chrome Steels.—Dissolve 2 grams of the drillings
in 60 c.c. of a solution containing 35 c.c. of water, 8 c.c. of H,SO,
and 2 c.c. of phosphoric acid, heat until effervescence nearly
ceases, add 5 c.c. of HNOj3 and boil until solution is complete and
fumes of oxides of nitrogen are expelled. If any residue of WQO;
appears, filter it and wash thoroughly with dilute nitric acid.
Add silver nitrate solution containing 0.2 gram of silver nitrate
for each per cent of chromium present, dilute to 300 c.c., heat to
boiling and add 8 c.c. of a 15 per cent ammonium persulfate
solution. When the permanganate color is well developed add
2 c.c. of 1:1 HCI and boil until the pink color disappears and the
persulfate is decomposed, usually about 10 minutes. (Instead
of oxidizing with persulfate in the presence of silver nitrate,
it is satisfactory to add a 4 per cent KMnQ, solution to the boil-
ing solution until the permanganate color persists on boiling five
minutes and MnO, precipitates. Then add 2 c.c. of 1:1 HCI]
and boil until the precipitate is dissolved and all chlorine expelled.)
Cool, dilute to 400 c.c. and titrate the chromium as follows:
Add decinormal ferrous sulfate solution until all the yellow tints
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disappear, indicating complete reduction of chromic and vanadic
acids. Add 10 c.c. more of ferrous sulfate and then titrate with
decinormal permanganate until a faint pink is obtained which
persists for one minute with continued stirring. If vanadium
is present, the end point comes slowly, owing to the slow reoxida-
tion of vanadium. In this case it is best to add the permanganate
until a strong pink color is obtained, then nearly to discharge the
pink by carefully adding decinormal sodium arsenite.

After the end of the titration of chromium the vanadium may
be determined by the addition of ferrous sulfate and proceeding
as under vanadium. A blank determination should be run to
determine the amount of permanganate required to give a visible
end point in the solution. If the clectrometric end point is
used, the end of the titration is sharper. (See page 252.)

The Analysis of Ferrochrome.—Ferrochromium is insoluble in
acid, hence must be fused. Proceed as follows: Fuse 0.50 gram
of the powdered sample with 7 grams of sodium peroxide in a
nickel crucible, maintaining the fusion liquid for several minutes.
Cool and disintegrate in a beaker with 300 c.c. of hot water until
no hard lumps remain. Acidify with 50 c.c. of 1:1 H,SO,, add
2 c.c. of 1:1 HCI and boil until all permanganic acid is destroyed
and the liberated- chlorine expelled, cool and add decinormal
ferrous sulfate until the yellow color of chromic acid is completely
discharged and 10 c.c. in excess. Titrate the excess of ferrous
sulfate with decinormal permanganate until a pink color is
obtained which persists for one minute with stirring.

Add to a beaker containing 300 c.c. of water and 50 c.c. of
1:1 H,SO, the same amount of ferrous sulfate as used in the
preceding titration, and titrate. The difference between the
permanganate used in the two titrations is the permanganate
equivalent to the chromium present.

If the permanganate used is exactly decinormal, the chromium
equivalent to 1 c.c. of permanganate is 0.001733. If the iron
value of the permanganate has been obtained by standardization
against iron, as directed on page 37, the chromium value of the
permanganate per cubic centimeter is obtained by multiplying
the iron value by 0.310.

The addition of ferrous sulfate reduces both vanadic and chro-
mic acids, but when the reduced solution is titrated with per-
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manganate the end point comes after the vanadium has been
reoxidized to its pentavalent form, hence, in effect, the vanadium
has no influence on the amount of ferrous sulfate and perman-
ganate required for the titration.

Notes on the Process.—The phosphoric acid is used to hold tungsten
in solution; it also decreases the depth of the color in the solution.

If chromium is present in the sample in very small amounts, at least
5 grams of sample should be used and the ether method of separating
chromium, vanadium, etc. from iron used, as directed on page 129. The
same conditions of solution are then produced as directed above and the
chromium titrated as usual.

Instead of using ammonium persulfate or potassium permanganate for
oxidizing chromium to chromic acid, sodium bismuthate may be used in
place of the permanganate and the process carried on cxactly the same.

REFERENCES:

KeLLey and Wiky, J. Ind. Eng. Chem., 138, 1503-1504 (clectro-
metric).

Barsa, The Iron Age, 62, 153.

Proc. Am. Soc. Test. Mat., 20, I, 647-654 (method for ores).

TownseND, “Forging and Heat Treating 8,” no. 7 (bibliography).

ArNoLD and IBBOTSON, “Stecl Works Analysis,” p. 161.

McFaARLANE, “Laboratory Notes on Iron and Steel Analysis,” p. 211.

Jounson, “Chemical Analysis of Special Steels, Steel-making Alloys,
Ete.,” p. 59.

Bralr, ‘“The Chemical Analysis of Iron,” p. 217.

McKENNA, Proc. Eng. Soc. Western Pa., 16, 119.

WavLTER, Chem. Zig., 34, 2. *

ZINBERG, Stahl u. Eisen, 28, 1819.

BartonEec, Chem. Zentr. (1909), 2017 (gravimetric and volumetric).



CHAPTER XII

THE DETERMINATION OF TUNGSTEN AND SILICON IN
STEEL

Tungsten may be found in steel in amounts up to 25 per cent and is
generally accompanied by chromium up to as high as 6 per cent.

When a steel containing tungsten is dissolved in a mixture of nitric
and hydrochloric acids and the solution is evaporated to dryness and the
residue treated with hydrochloric acid, the tungsten is left insoluble
as WO; with the SiO.. In order to render the WOj; entirely insoluble,
more than one evaporation to dryness is necessary.  When the residue is
treated with sulfuric and hydrofluoric acids the silica is driven off while
the tungstic anhydride is left behind. The tungstic anhydride is always
contaminated with ferric oxide and must be purified for perfect results.
The chromium in the filtrate is oxidized to chromic acid and titrated with
ferrous sulfate.

The tungsten is usually and best determined gravimetrically by
weighing as WO;, but, since the WO; is an acid anhydride, it may be
determined volumetrically by titrating with a standard alkali solution.

Tungsten steels are very hard and difficult to drill. If they are

annealed at 750°C, for a couple of hours, they will become soft enough to
drill. :

Process of Analysis.-——Place 2 grams of the drillings in a 200-
c.c. casserole and add 40 c.c. of hydrochloric acid (sp. gr. 1.19)
and heat nearly to boiling. When action ceases, add from time
to time a few drops of nitric acid until the steel is entirely decom-
posed. In this way the sample is dissolved without the separa-
tion of WO;. When decomposition is complete add 5 c.c.
HNO;, evaporate to dryness, dissolve the residue with 60 c.c.
of 1:1 HCI, heating until all iron is dissolved, add 50 c.c. of water
and heat for a few minutes longer, then filter through an 11-cm.
filter paper. Again evaporate to dryness, dissolve and filter.
Wash thoroughly with 1:10 HCI until the precipitate is free from
iron. Chromium and vanadium may be determined in the
filtrate.

138
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The filter contains the tungsten as WQ; and the SiO; more or
less contaminated with chromium and iron oxides. Dry the
filter and contents, ignite in a platinum crucible until all carbon is
removed, cool and weigh. Add several cubic centimeters of HF,
evaporate to dryness, ignite carefully and again weigh. The loss
in weight is the SiO..

The filtrate contains a small amount of tungsten which can be
recovered with cinchonine. (See page 140.)

Add to the impure WO, in the crucible 5 grams of sodium
carbonate and a few milligrams of tartaric acid and fuse the mix-
ture until all the tungsten is dissolved. Cool, digest the cake
with 100 c.c. of water until no hard lumps remain and the sodium
tungstate is completely dissolved. Filter through a small filter
paper and wash with hot water until the washings are non-alka-
line when tested with phenolphthalein. Burn off the filter paper,
ignite and weigh the residue of IFe;O; and Cr;0;. Subtract the
weight of this residue from the last weight of the impure WOj,;
the difference is WO;, which, multiplied by 0.7931, gives the
weight of tungsten in the sample.

Analysis of Ferrotungsten.—Ferrotungsten is not soluble in
acids without the use of HF, hence this alloy must be fused with
10 times its weight of sodium peroxide in a nickel crucible if
it is desired to determine the silicon in the tungsten. If the
tungsten only is desired, the ground sample is dissolved with 5
c.c. of HF in a platinum dish. When action is over, add HNO;,
a few drops at a time, until decomposition is complete, add 10
c.c. 1:1 H,80, and proceed as above directed, using cinchonine
to recover the tungsten in the filtrate as directed in the notes
below.

Notes on the Tungsten and Silicon Determinations.—When the
steel is dissolved in strong hydrochloric acid as above directed, the
tungstic acid does not form until the iron is dissolved and the precipitate
is not much contaminated with iron. Since a trace of tungstic acid
remains in solution after the first evaporation, also some silica, it is
necessary to evaporate the filtrate to dryness again to render both insol-
uble by dehydrating the tungstic acid and silicic acid forming the insol-
uble anhydrides, WO; and SiO.. But a fairly accurate determination
of tungsten may be made by omitting the second evaporation to dryness.
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Tungstic anhydride is volatile if ignited at a much higher temperature
than a dull red, hence the necessity for heating carefully.

“There will always be a little WO; which adheres to the casserole
and cannot be removed by a policeman. It can be removed as follows:
When the casserole is well washed out and the filter paper and precipi-
tate thoroughly washed, wet a piece of filter paper with NH,OH
and wipe out the casserole with it. This will remove all the tungstic
acid adhering to the casserole. Add the paper to the other two papers
and ignite them all together.

If the chromium in the filtrate is not desired and a tungsten
determination alone is wanted, it is not necessary to cvaporate the
the filtrate from the WO; to dryness. Proceed as follows: Add to the
filtrate 20 c.c. of 1:1 hydrochloric acid solution containing 0.5 gram of
cinchonine. The cinchonine precipitates the tungsten completely.
Heat the solution and filter and wash with a dilute acid solution of ¢in-
chonine. Ignite the precipitate with the rest of the precipitate of WQs.

When the filtrate from the WOj; is evaporated to fumes of sulfuric
acid, the HCl is expelled. This is necessary before the chromium is
determined. The sulfates will dissolve slowly, but it is not necessary
to wait until they are all dissolved before adding the permanganate to
oxidize the chromium to chromic acid. The reactions involved in the
chromium determination are given under the determination of vanadlum
and chromium.

If the presence of molybdenum is suspected, the filtrate from the
fusion of the WO; should be tested for mdlybdenum as directed on
page 144. If molybdenum is found it should be determined.

When a sulfuric acid evaporation is used a small amount of tungsten
goes into solution, the amount dissolving increasing with the amount of
phosphorus in the alloy, and cinchonine must be used to precipitate this
small amount. Add 10 c.c. of HC! containing 0.5 gm. of cinchonine,
heat and filter immediately. Wash with dilute cinchonine solution
10 times, ignite very slowly and weigh the WO,;. This weight is added
to the weight of the main portion of the WOs,.

Cinchonine Solution.—Dissolve 125 grams of cinchonine in
1,000 c.c. of 1:1 HCI.

Volumetric Method for Tungsten.—Wash the precipitate of
WO; obtained as above directed with a hot dilute hydrochloric
acid solution until the iron salts are gone, then wash with a 5
per cent solution of KNO; until the washings are free from acid.
It is not necessary that the WO, be all removed from the casserole
as directed for the gravimetric method. Put the filter and
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contents in the casserole, run in from a burette about 60 c.c. of
a N/10 sodium hydroxide solution and stir the paper about until
all the WOj; is dissolved. Then add a few drops of phenol-
phthalein and titrate the excess of soda with N/10 HCI until
the pink color disappears. The number of cubic centimeters of
soda used minus the number of cubic centimeters of acid used
multiplied by 0.0092 divided by the weight of the sample used
and multiplied by 100 gives the percentage of tungsten.

The titration reaction is W0O;+2NaOH =Na,WO,+H,0. If
the WO; is very impure with iron the end point of the titration

is unsatisfactory. (See LiNpE and TRUEBLoOD, J. Am. Chem.
Soc., 29, 477.)



CHAPTER XIII

DETERMINATION OF MOLYBDENUM IN STEELS, FERRO-
ALLOYS AND ORES

Molybdenum is found in ores chiefly as the minerals molybdenite
(MoS;) and waulfenite (PbMo0O,). Metallic molybdenum, as ferro-
molybdenum, is added to steel to produce one of the many varieties of
high-speed steel in conjunction with tungsten, chromium, vanadium and,
occasionally, cobalt. It is also added in small percentages to special
steels where especial resistance to wear is demanded, such as in gears.

The determination of molybdenum is satisfactorily accomplished by
both gravimetric and volumetric methods. The volumetric method,
most widely used, depends upon the same reactions as those used in the
Emmerton process for the determination of phosphorus, as given on page
56, whereby the molybdenum is reduced from hexavalent to trivalent
condition and then reoxidized by standard permanganate.

Molybdenum is determined gravimetrically by precipitating as sulfide
and converting the sulfide to oxide, which is weighed, or by precipitating
as lead molybdate, which is weighed as such. -

Molybdenum can be separated from most interfering elements by
precipitation with H,S in a slightly acid solution, or by fusion with
sodium peroxide, forming sodium molybdate, which can be extracted
from iron, titanium, ete. with water.

Process of Analysis of Steels.—Dissolve 2 grams of the sample
in 100 c.c. of water and 50 c.c. of 1:1 H,SO4, heating until every-
thing is dissolved. When solution is practically complete add
1 gram of ammonium persulfate and boil until the persulfate is
decomposed. Cool and nearly neutralize with ammonia, heat
to boiling and pass hydrogen sulfide through the solution at a
rapid rate for 15 minutes. Keep the solution hot for several
hours while a slow stream of H,S is passing. Filter off the sul-
fides of molybdenum, arsenic and copper and wash with a 2 per
cent H,S0, solution saturated with H,S. The filtrate will
contain traces of molybdenum and should be allowed to stand in
a pressure bottle for several hours after saturating with H,S.
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Gravimetric Method.—Wash the precipitate of sulfides into a
400-c.c. beaker, set the beaker under the funnel and dissolve
the sulfides remaining on the filter by washing with 20 c.c. of
hot 1:1 HCI, alternating with bromine water. Dilute the filtrate
to 100 c.c., add 20 e.c. of HCI and 3 grams of sodium chlorate and
boil until the molybdenum sulfide is completely dissolved.
Filter and wash well.

To the filtrate add 20 per cent NaOH solution until decidedly
alkaline, boil, allow the precipitate to settle and filter off ferrie
hydroxide, ete. If the precipitate is large, dissolve in hot HCl
and reprccipitate, adding the filtrate to the main filtrate. To
the filtrate, having a volume of about 200 c.c., add 1:4 HCI
until 5 c.c. excess is used, add 50 c.c. of 50 per cent ammonium
acetate solution, heat to boiling and slowly add lead acetate
solution prepared as directed. Use 14 c.c. of lead acctate
solution for cach milligram of molybdenum present and an excess
of 5 c.c. This can be best accomplished by adding the lead
acetate slowly and with stirring until further addition produces no
increased cloudiness, then add 5 c.c. excess, boil the solution
for 10 minutes, and allow the precipitate to settle until the
solution is clear. Filter and wash 15 times with hot water,
transfer the paper and precipitate to a porcelain crucible and
ignite very slowly at first and, finally, when the carbon is all
gone (use a red-heat), cool and weigh. The weight of the lead
molybdate multiplied by 0.2614 gives the molybdenum.

Lead Acetate Solution.—Add 10 c.c. of glacial acetic acid to
990 c.c. of water and dissolve in the solution 10 grams of lead
actetate.

Volumetric Method.—Wash the molybdenum sulfide as
obtained above into a 250-c.c. beaker with 50 c.c. of 1:1 HNO;
containing free bromine. Ignite the paper (with a trace of
residue) transfer the ash to the beaker, add 5 grams of sodium
chlorate and 25 c.c. of 1:1 H,SO4 and boil until copious fumes of
80; are evolved. Cool, add 5 c.c. of HNO; and again evaporate
until the SO; is copiously evolved (it is essential that the nitric
acid should be completely expelled). Cool, add 100 c.c. of water
and heat nearly to boiling, which should give a clear solution.
Add 2 grams of pure granulated zinc and boil until the zine is
nearly dissolved. This treatment partially reduces the molyb-
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denum and precipitates all the copper and eliminates the arsenic.
Filter through asbestos. Prepare the Jones reductor as shown on
page 39, except that the tip of the reductor should be lengthened
so as to reach to the bottom of the flask, put in 2 c.c. of the ferric
sulfate-phosphate solution for each 0.01 gram of molybdenum
supposed to be present and sufficient water to cover the end of
the reductor tube.

The reductor should be filled with 2 per cent H,SO, before it
is used to reduce the molybdenum.

Again add 2 grams of zinc to the sulfuric acid solution of the
molybdenum, heat for five minutes, then pour the solution into
the reductor, using sufficient suction to allow 20 c.c. to pass
through the reductor per minute. When all the molybdenum
solution has been poured into the reductor, wash the beaker with
hot water and, finally, pass through the reductor 200 c.c. of
warm 2 per cent H;SO4. At no time must the reductor be allowed
to become empty so that air can suck into the flask.

The reduced molybdenum ((Mo0:(SQ4);) is a clear green in
color, but as soon as it comes into contact with the ferric solution
it changes to red, owing to oxidation by ferric iron with corre-
sponding reduction of the iron. Titrate immediately with a
standard permanganate solution until a faint pink is obtained.

If a decinormal solution is used, each cubic centimeter will
titrate 0.0032 gram of molybdenum; if the iron value of the
permanganate is known, each cubic centimeter will titrate
molybdenum equal to the iron value multiplied by 0.5748.

Ferric Sulfate-phosphate Solution.—Dissolve 100 grams ferric
sulfate, 150 c.c. phosphoric acid (1.75 sp. gr.) and 20 c.c. sulfuric
acid (1:1) in 830 c.c. water.

Notes on the Process.—The residue left after molybdenum sulfide
is dissolved may contain some molybdenum. Test it as follows:
Digest the paper and residue with 20 c.c. HNO;, 10 c.c. Hs804, and 5
grams of sodium chlorate. Heat until the solution is clear, boil to dense
fumes of SO3, and cool. Add 20 c.c. of 1: 5 HCland 10 c.c. of 1:1 H,SO,,
5 c.c. of 5 per cent KCNS and 10 c.c. of 25 per cent SnCl; solution. If
molybdenum is present, the solution .will become red, the depth of red
color depending upon the amount of molybdenum present. The amount
of molybdenum can be determined by comparison against standard
solution, and correction made.
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The zinc used in the volumetric process always contains some iron
which titrates as molybdenum. Hence a blank determination must
always be made. The permanganate should be standardized against
iron as directed on page 37, and also against a sample containing a
known amount of molybdenum. The volumetric method depends upon
reducing the molybdenum by zine under carefully controlled conditions.
The analyst should run several tests to find just how rapidly the solution
may be run through the reductor and complete reduction be attained.
The amalgamated zinc should be of 20-mesh size, amalgamated with
14 gram of mercury to 150 grams of zinc and should contain less than 0.01
per cent iron. After having been used for forty or fifty determinations,
the zinc should be renewed. The reduced molybdenum is oxidized by
contact with air, hence no air should be drawn through the reductor and
the reduced solution must be titrated immediately.

When blanks are properly made and ecare is used in the volumetric
determination, results should be accurate to 0.03 per cent.

The use of the ferric phosphate solution in the reductor flask makes
the end point sharper and reduces the danger of oxidation of the solu-
tion upon exposure to the air, since the ferric iron oxidizes molyb-
denum, producing ferrous iron which is less easily oxidized by air. The
titration by permanganate really consists, then, in titrating divalent
iron which has been quantitatively produced by reduction with trivalent
molybdenum. The reactions are: 3Fe:(SO4)s + Mo2(SO4); + SH,O=
6FeS0O4 + 2H,MoO, + 6H,80,. The reduced iron is oxidized by per-
manganate by the well-known reaction.

The gravimetric determination of molybdenum as lead molybdate is a
very accurate and reliable method. It is not interfered with by large
amounts of salts. The molybdate can be precipitated in faintly acid
solutions free from impuritics in the presence of copper, cobalt, nickel,
zine, manganese, magnesium and mercury, barium, strontium, uranium,
arsenic, cadmium and aluminium. Cobalt, vanadium and tungsten
interfere but are separated from the molybdenum by hydrogen sulfide.

Process for Ferromolybdenum.—Dissolve 14 gram of the
finely crushed sample with 10 c.c. of 1:3 HNO;, 10 c.c. of 1:1
H,S0, and a few drops of HF. When solution is complete,
evaporate to fumes of SO;. Cool, add 50 c.c. of water, heat until
solution is complete, cool and nearly neutralize with ammonia,
but not until the solution takes on a red tint. Heat nearly to
boiling and pour very slowly and with vigorous stirring into 75
c.c. of hot ammonium hydroxide. Wash the beaker in which
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the solution was made with dilute ammonia, transferring the
washings to the main solution. Add paper pulp obtained by
macerating two 9-cm. papers, stir well and filter on an 11-cm.
filter paper. Wash thoroughly with hot water, wash the precip-
itate back into the beaker, dissolve in a slight excess of H,SO,,
nearly neutralize with ammonia and again pour slowly and care-
fully into 75 c.c. of 15 per cent ammonia nearly boiling. Filter
and wash as before, combine the two filtrates in a 500-c.c.
beaker, add 3 grams of tartaric acid and pass a rapid stream of
H,S through the warm solution. The solution becomes a deep
red, owing to the formation of thiomolybdate. The small
amount of sulfides which form is filtered and washed thoroughly
with H,S water.

Warm the solution and add 1:1 H,SO4until the solution becomes
slightly acid. This point is marked by the cessation of effer-
vescence and the disappearance of the red color. Allow the
molybdenum sulfide to settle, filter and wash with hydrogen sulfide
water until all salts are removed. The water should be slightly
acid With H2SO4.

The filtrate from the MoS; contains some molybdenum., Add
15 c.c. of HNOj; and 5 c.c. of HoSO,, evaporate until dense fumes
of SO; are obtained, cool, add 10 c.c. more HNO; and again
evaporate to fumes and the removal of most of the H,SO,.
This destroys all organic matter. Cool, dissolve in 50 c.c. of
water, add 2 grams of tartaric acid and ammonia until alkaline
and 10 c.c. in excess, warm and saturate it with H,S. Filter
any precipitate which is formed, acidify the filtrate with 1:1
H,S0, and filter the molybdenum sulfide as above.

Finish the analysis by either volumetric or gravimetric method
as described above, except that more sodium chlorate will be
needed to oxidize the molybdenum sulfide.

Process for Ores.—Procced exactly as directed for ferromolyb-
denum. If vanadium and tungsten are absent, the process
may be greatly shortened by omitting the hydrogen sulfide
precipitation, but it is always safest to assume that they are
present.

Note.—The tartaric acid is used to prevent vanadium and tungsten
from precipitating as sulfide with the molybdenum,
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CHAPTER XIV
THE DETERMINATION OF TITANIUM

Titanium may be present in steels up to a few tenths per cent. It is
generally present in pig iron in small amounts. In ferrotitanium there
may be as high as 75 per cent present. Ores contain from nearly zero
up to a good many per cent of titanium.

In steels the titanium is present as solid solution in iron and as erystals
of titanium nitride and titanium cyanamide. The titanium present
in solid solution is soluble in acids, the rest is insoluble. Ores contain
titanium chiefly as the minerals rutile (Ti0.), ilmenite (FeTiOj), titanite
(CaTiSiO;) and other less important minerals.

Titanium may be determined gravimetrically by weighing as TiO,, or
volumetrically by reduction with zinc to trivalent condition followed by
titration with permanganate. When present in amounts below 0.5
per cent, it is best determined colorimetrically. This is done by adding
hydrogen peroxide to the 5 per cent sulfuric acid solution and pro-
ducing a yellow color which is compared with a standard solution treated
in the same way. The peroxide oxidizes the titanium to the hexavalent
form.

Titanium may be separated from iron when the iron is divalent by
boiling the dilute, slightly acid solution, when the titanium precipitates
out as titanic acid. Or the titanium may be separated from the iron
when to the acid solution containing the iron in the ferrous condition is
added an excess of ammonia containing enough alkali ¢yanide to form
ferrocyanide with the iron. The ferrocyanide stays in solution, while
the titanium precipitates as Ti(OH),. This precipitate, whether made
from acid or alkaline solution, if formed from a solution containing large
amount of iron, is always impure. If the precipitate is then fused with
sodium carbonate and the fusion is extracted with water, the titanium
remains insoluble as sodium titanate, while phosphorus, silica, chro-
mium, aluminium and vanadium go into solution. The titanate is
dissolved in acid, the Ti(OH), is again precipitated and weighed as TiOs.

Titanium is more easily precipitated from an acid solution when
phenylhydrazine (C¢Hs NH.NH,) is used.

Ti(OH), cannot be precipitated from solutions containing tartaric
acid, from which solutions iron may be precipitated as sulfide.
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The presence of zirconium hinders the precipitation of titanium by
hydrolysis from an acid solution. It can be separated from zirconium
by precipitating zirconium in weakly acid solution, as phosphate in the
presence of H:0, which prevents the titanium from precipitating.
Titanium may be precipitated from tartrate solutions from which iron
has been removed as sulfide by the use of ““Cupferron” (ammonium
nitrosophenylhydroxylamine) in a dilute acid solution.

Process of Analysis (Colorimetric).—Add to 1 gram of the
drillings in a 500-c.c. flask 40 c.c. of 1:3 sulfuric acid. Heat to
boiling until no more action takes place. Pay no attention to any
residue. Dilute to 250 c¢.c. and add NH,OH until a slight pre-
cipitate forms, then add a few grams of sodium thiosulfate and a
few drops of sulfuric acid, or enough to make the solution clear.
Heat until all the iron is reduced, as shown by a test of a drop with
KCNS, then add a solution containing 25 c.c. of water, 15 c.c.
of NH,OH (sp. gr. 0.9) and 10 grams of KCN. Heat to boiling
for several minutes. Prepare a filter by shaking two 9-cm. filter
papers in a flask until well macerated and then pouring the
pulp through a funnel containing a platinum cone. Place this
funnel in a suction flask and pour the solution through, using
suction. The solution should filter quickly to prevent oxida-
tion of the iron. Wash well with water.

Burn the paper and its contents in a platinum crucible until
all the paper is consumed, then add 4 grams of KHSO4 which has
been previously fused to remove the water and fuse and maintain
at a bright red-heat for several minutes. Cool, then add water
enough to half fill the crucible and 5 c.c. of sulfuric acid, and heat
until the cake is all dissolved. Cool, transfer to a Nessler tube or
other color comparitor, dilute to 100 c.c. and add 3 c.c. of hydro-
gen peroxide (ordinary 3 per cent solution). If titanium is pres-
ent a yellow color will immediately appear. To the other tube
add 100 c.c. of 5 per cent sulfuric acid, 3 c.c. of peroxide and
standard titanium sulfate solution a little at a time, shaking after
each addition, until the color matches the color in the solution of
titanium from the sample. The titanium in the sample will then
be the same as that added for comparison.

The above method is very accurate, only requires about 114
hours and vanadium does not interfere, as it would if the sam-
ple were compared directly. A Government standard sample
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containing 0.073 per cent. Ti gave 0.075 per cent by the above
method, even when 3 per cent of vanadium was added.

Gravimetric Method.—Fuse the precipitate obtained above
with 20 times its weight of sodium carbonate and a little KNO,
until in quiet fusion, dissolve in hot water and wash with sodium
carbonate solution (5 per cent). Wash at least 10 times. Place
the paper and residue of sodium titanate in a platinum crucible
and fuse with KHSO, at a bright red until in clear fusion. Cool,
dissolve in hot water containing sulfuric acid, add NII,OH until
nearly but not quite alkaline, then a gram or so of thiosulfate to
reduce what little iron may be present and, finally, add a solution
of 25 c.c. of water, 15 c.c. of NH;OH and 1 gram of KCN. Heat
to boiling and filter through a pulp filter as above directed.
Wash well to remove alkali salts and, if the amount of titanium
is not high, ignite and weigh the TiO.. It should be ignited over
the blast. If the sample is very high in titanium, as in a ferro-
titanium, the precipitate will carry down some alkali salts and
should be dissolved in sulfuric acid 1:3 and precipitated again
with NH,OH. The weight of the precipitate multiplied by
0.6005 gives the titanium.

Ores are analyzed as follows: Place 1 gram of the finely ground
sample in a platinum crucible, add 10 grams of sodium carbonate
and fuse until the fusion is quiet. Cool, dissolve in hot water and
wash well to remove as much silica and alumina as is possible.
Ignite the paper and residue in a platinum crucible, fuse with
KHSO,, dissolve in hot water containing 5 c.c. of sulfuric acid
and proceed as with the first solution of the metal in sulfuric
acid as given above, for either the colorimetric or gravimetric
method.

Notes on the Process.—When a metal is dissolved in sulfuric acid it
will go into solution mostly as ferrous iron, so that not much thio-
sulfate will be required. When the sample is an ore, more care will be
required to get all the iron reduced.

The precipitate of Ti(OH), from an alkaline solution has no tendency
to run through the filter. If the filter is a pulp one, the filtration will be
rapid, but if a filter paper is used, it will be slow.

Ti(OH), has a strong tendency to stick to the glass, so that the
precipitations should all be made in the same flask. Finally, it is well to
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heat the flask with 5 c.c. of strong sulfuric acid until it fumes strongly
and then determine the titanium thus obtained colorimetrically.

There must be no fluorine in the solution to be analyzed colorimet-
rically as it discharges the color of titanium with hydrogen peroxide.
Also, large amounts of alkali sulfates effect a slight weakening of the color.

Both chromium and aluminium precipitate from alkaline solution with
titanium and should be removed upon solution of the sodium carbonate
fusion when the gravimetric method is used. They do no harm in the
colorimetric method. The KNO; is used to oxidize the chromium to
chromate.

It must not be forgotten that KCN is very potsonous and the solution

containing it must not be made acid except with the greatest care and
in a good hood.

The precipitate of Ti(OH)4 may contain a little nitride after ignition
and be brown. If it is, it should be fused with sodium carbonate again
and reprecipitated from a solution only slighly alkaline with NH,OH.

REFERENCE:
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Precipitation from Acid Solution.—Dissolve 5 grams of the
drillings with 100 c.c. of 1:1 HCI, heating until action ceases,
dilute to 200 c.c., add 3 grams of sodium chlorate and boil until
any tungsten, if present, is converted to yellow WQ;. Filter the
WO; and wash with 10 per cent HCI until alliron coloris removed.

Dissolve the WO; by washing from the filter paper into a small
beaker and adding 5 c.c. of ammonia. Filter (rejecting the fil-
trate) and wash the residue on the paper 10 times with dilute
ammonia. Burn the paper, dissolve the residue in a few drops
of HCI and add to the main solution. Dilute the solution to
300 c.c., add ammonia until slightly alkaline, then IICl until
barely acid, then 3 c.c. more. Add 25 grams of sodium thio-
sulfate dissolved in 50 c.c. of water, then boil the solution for
10 minutes. The thiosulfate reduces the iron to divalent form.
Add 3 c.c. of phenylhydrazine and continue the boiling several
minutes. The titanium usually precipitates without the use of
the phenylhydrazine, which merely makes the precipitation
more certain.

Add paper pulp obtained by macerating a small filter and filter
and wash the precipitate with hot water five times. Burn the
paper in a platinum crucible and fuse the residue containing
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TiO; (with varying amounts of Fe,03, Al;O;, ete.) with 3 grams
of sodium carbonate and a few particles of sodium nitrate until
the fusion is clear. Cool and disintegrate the fusion with hot
water until no hard particles remain, filter and wash thoroughly
with hot water. Chromium, alumium, vanadium and phosphorus
pass into the filtrate, leaving the titanium with a small amount
of iron oxide on the paper.

Dissolve the residue on the filter paper with 10 c.c. of hot 1:1
HCl, and wash until the filtrate does not taste acid. Add
ammonia until the solution is slightly alkaline, then add HCI
until slightly acid and add 1 gram of sodium thiosulfate. Heat
until the solution gives no test for ferric iron when a drop is
tested on a white plate with KCNS solution. Add 5 c.c. of
NH,OH and 1 gram of KCN and boil for a minute. Add a
small amount of macerated filter paper pulp and filter through a
small paper. Wash well with water slightly ammoniacal. Burn
the paper and its contents in a platinum crucible until all carbon
is gone and weigh the TiQ,.

Colorimetric Method.—Dissolve the impure residue of sodium
titanate obtained above by placing the paper and contents in a
beaker containing 50 c.c. of warm 1:4 H,SO, and heating until
all titanium is dissolved. Filter, wash with dilute sulfuric acid
and determine colorimetrically as directed on page 149.

Notes.—If the steel or alloy is free from tungsten the sample can be
dissolved in 1:1 HCI as above directed, but without the use of chlorate,
and the process greatly shortened by adding only 2 grams of thiosulfate
because the iron is already in the divalent condition.

Standard Titanium Sulfate Solution.—Dissolve 0.52 gram of
ignited TiO, as follows: Fuse the TiO; with 6 grams of sodium
carbonate, cool and disintegrate the fusion in 50 c.c. of water,
add 100 c.c. of 1:4 H,S0, and heat until the solution is perfectly
clear, dilute exactly to 500 c.c., pipette 20 c.c. of this solution
into a beaker, and determine the amount of titanium by the
gravimetric method as described above. )

Peroxide Solution.—To 750 c.c. of water add 250 c.c. of 1:1
H,S0,, then add 7 grams of sodium peroxide, a small amount
at a time, shaking the solution after each addition.
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Process for Ferrotitanium.—Dissolve 1 gram of sample with
50 c.c. of 1:4 H,S0, and, when effervescence ceases, evaporate
until fumes of SO; appear. Cool, add 100 c.c. of water and heat
to dissolve iron salts, filter and wash with dilute H,SO4 10 times,
ignite until all the carbon is burned off, then more intensely for
10 minutes, cool and weigh. Add a few drops of sulfuric acid and
several cubic centimeters of HF, evaporate to dryness, ignite,
cool and weigh. The loss in weight is SiO;. Add any residue in
the crucible to the filtrate from the silica. Dilute to 400 c.c.,
add ammonia until a faint precipitate is obtained, then 1 c.c. of
HCI, 10 c.c. of glacial acetic acid and 10 grams of sodium thio-
sulfate dissolved in 50 c.c. of water. Heat to boiling and con-
tinue the boiling for 10 minutes and allow to settle. Filter and
wash a half dozen times with dilute acetic acid (2 per cent), ignite
the paper and precipitate in a platinum crucible until carbon
is all gone, add 5 grams of sodium carbonate and fuse until the
fusion is quiet. Cool, add 50 c.c. of water and heat until the
fusion is disintegrated and no hard particles remain. Filter
through a small filter paper and wash well with hot water, put
the paper and impure sodium titanate in a beaker, add 25 c.c.
of 1:2 HCl and heat until the titanate is all dissolved, filter again
through a small filter, wash well with hot water, neutralize with
ammonium hydroxide and precipitate again as above directed.
Wash the precipitate with 2 per cent acetic acid 15 times, or
until no test for chloride is obtained with silver nitrate. Ignite
slowly at first to burn off the paper and finally intensely, cool
and weigh the TiO,. This weight multiplied by 0.6005 gives the
titanium.

Process for Ores.—Fuse 1 gram of the ore with 8 grams of
Na;O; in an iron crucible, cool, disintegrate with water, filter
and wash 10 times with hot water. Handle the sodium titanate
exactly as if it were a sample of ferrotitanium.

REFERENCE:
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CHAPTER XV
THE DETERMINATION OF COPPER IN IRON AND STEEL

When iron is dissolved in dilute sulfuric or hydrochloric acid in the
absence of oxygen the copper remains behind undissolved.  Any traces
of copper that dissolve arc removed from solution by hydrogen sulfide.

Colorimetric Method.—Dissolve 10 grams of drillings in a
mixture of 25 c.c. (1.84 sp. gr.) sulfuric acid and 250 c.c. of dis-
tilled water, using a 500-c.c. flask. Heat carefully until the
borings have dissolved, dilute to 400 c.c. with distilled water and
add 0.5 gram of zinc sulfide, cork the flask for a few minutes,
filter on an 11-cm. paper, wash the residue with hydrogen sulfide
water, open the paper against the side of the funnel, add 20 c.c.
of hot nitric acid (1.18 sp. gr.) to the residue on the paper, allow-
ing the solution to run-into the flask in which the borings had been
dissolved.

Wash the paper with 2 per cent nitric acid solution, evaporate
the filtrate to about 15 c.c., remove from the hot plate and add
ammonia water (1:3) just sufficient to precipitate the ferric
hydroxide.

Filter into a 100-c.c. Nessler tube and wash with hot water,
cool to tap-water temperature. The presence of copper will
be indicated by the blue color of the filtrate from the ferric
hydroxide. To another Nessler tube add about 50 c.c. of dis-
tilled water and 5 c.c. of (1:3) ammonia water. Then add from a
burette a standard copper solution until the colors match when
diluted to the same volume.

Modification.—It is sometimes found convenient to modify
this method for determining copper. After determining the
sulfur by the evolution method, the hydrochloric acid solution
can be used for the determination of this element as follows:

The solution from the determination of sulfur is neutralized
with ammonia until there is a slight precipitate of ferrous hydrox-
ide. Acidify with 5 c.c. of hydrochloric acid, heat to boiling
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point, add 0.5 gram of zinc sulfide, when dissolved dilute to 400
c.c. with distilled water and cork the flask for a few minutes.
When the Cu.S has settled, filter rapidly on an 11-cm. paper.
Wash with hydrogen sulfide water and finish the determination
as previously described.

Notes.—The success of the colorimetric method for determining
copper depends upon carefully following each detail. Sometimes a
green color will be obtained instead of a blue. This is usually due to
the use of too much ammonia and can be corrected by acidifying
the green solution with dilute sulfuric acid (1:1) and then making the
solution faintly ammoniacal.

Make the standard solution by dissolving 3.928 grams of CuSOj,
5H,0 in water and diluting to 1 liter. One cubic centimeter contains
0.001 gram of copper.

Instead of determining the copper colorimetrically, it may be
determined in the final nitric acid solution clectrolytically or by the
iodine method, or very satisfactorily by precipitating as CuCNS and
weighing as directed below.

Sulfo-cyanate Method.—Proceed as above directed until the
ammonia solution of copperisobtained. Precipitate the copperas
directed on page 242 as CuCNS, filter the CuCNS on an ashestos
mat in a Gooch crucible which has been accurately weighed.
Wash thoroughly, dry at 105°C. and weigh. The weight of the
CuCNS multiplied by 0.523 gives the copper. This method is
very accurate and is recommended as the best.

Iodide Method.—The colorimetric method for determining
copper is not sufficiently accurate when this element is in excess of
0.15 per cent. When such is the case, procecd as outlined for
the determination of this element by the colorimetric method
to the point where dilute ammonia is added to precipitate the
ferric hydroxide. Instead of filtering into a 100-c.c. Nessler
tube, use a 250-c.c. beaker for this purpose.

After washing a few times with hot water, dissolve the ferric
hydroxide with hot dilute hydrochloric acid, allowing the solu-
tion to run into the flask in which the original precipitation was
made, wash a few times with hot water, add ammonia water
(1:3) just sufficient to precipitate the ferric hydroxide and leave
a very slight excess of ammonia present, heat to boiling, filter,
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and allow the filtrate to flow into the 250-c.c. beaker containing
the major portion of the copper.

Add 5 c.c. of sulfuric acid (1.84 sp. gr.) evaporate on a hot plate
to dense fumes, cool, add 20 c.c. of water, make slightly alkaline
with ammonia, boil off the excess ammonia, then neutralize
with glacial acetic acid, adding 5 c.c. in excess, cool and add 5
grams of potassium iodide crystals, then a few cubic centimeters
of starch solution and titrate with N /20 sodium thiosulfate solu-
tion to the disappearance of the blue color.

The thiosulfate can be conveniently standardized by using
25 c.c. of the standard copper sulfate solution described in the
“Colorimetric Method’’ for determining copper, adding the same
reagents and titrating under the same conditions as descnbed in
the regular method.

If preferred, the thiosulfate can be standardized by dissolving
5 grams of potassium iodide in 500 c.c. of water, adding 25 c.c. of
concentrated hydrochloric acid, then exactly 25 c.c. of standard-
ized N/10 potassium bichromate solution. Add starch solution
and titrate with the thiosulfate solution to the disappearance of
the blue color. Each cubic centimer of N/10 potassium bichro-
mate solution equals 0.00636 gram copper.

Standard Starch Solution.—The starch solution used in this
method is prepared as described under the determination of
sulfur in iron and steel, page 97.

Copper in Steels Containing Tungsten.—Dissolve the sample as
directed under the determination of tungsten in tungsten steels,
finally evaporating to fumes of sulfuric acid. Add 10 c.c. more
of 1:1 H,80,, heat, cool, add 50 c.c. of water and heat until all
salts are dissolved. Filter and dilute to 300 c.c., add 50 c.c.
of 50 per cent sodium thiosulfate solution, heat to boiling for
five minutes, filter off the copper sulfide and proceed as usual.

REFERENCE:
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CHAPTER XVI
DETERMINATION OF ARSENIC IN IRON AND STEEL

This element may be estimated by dissolving 10 grams of the metal
in HNO; (sp. gr. 1.2) evaporating and baking as for phosphorus, dis-
solving the residue in concentrated HCl without heating, which might
volatilize AsCl;, diluting, reducing with Na,SO; and precipitating with
H,S as As,S;. The As,S; is then oxidized by fuming HNOj;, precipitated
with magnesia mixture and weighed as Mg;As,0;. For details, see
Fresenius’ ‘‘“Quantitative Analysis.” The arsenic may be satisfactorily
titrated by iodine.

The following method is much shorter and is sufficiently accurate
when only small percentages are present. It depends upon the
volatilization of As as AsCl; when a solution containing it is boiled with
HCI and a large excess of ferric and ferrous chloride. In order that the
volatilization may be rapid and complete, the liquid should have its
boiling point raised to about 108°C. by the addition of ZnCl, or CaCl,
and should contain concentrated HCI.

Process of Analysis.—Dissolve 20 grams of drillings in a 6-in.
diameter casserole, using 300 c.c. of nitric acid (1.20 sp. gr.).
Heat slowly in order to prevent the reaction from becoming too
violent. Evaporate to dryness on a hot plate and bake until
no more nitrous fumes are evolved. Remove from the hot
plate and allow to cool, transfer the ferric oxide to a distillation
flask to which is attached a 50-c.c. pipette which dips into a
beaker containing 200 c.c. of distilled water. Place in the
distillation flask 40 grams of cuprous chloride and 300 c.c. of
concentrated hydrochloric acid, boil until about two-thirds of the
hydrochloric acid has distilled over.

From the beginning of the distillation pass hydrogen sulfide
gas into the distillate while it is being heated almost to the boiling
point. This will insure a rapid precipitation of arsenious sulfide,
which settles readily and can be easily filtered. After the dis-
tillation is discontinued remove the beaker containing the
distillate from the source of heat, dilute to 500 c.c. with cold
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water and continue to pass hydrogen sulfide gas into the solution
until cold. Disconnect the pipette and rinse inside and outside
with 2 or 3 c.c. of concentrated ammonia, allowing the washings
to run into the beaker containing arsenious sulfide.

Allow the precipitate to settle and filter on asbestos, using a
Gooch crucible, wash with distilled water until free from acid.
Transfer the asbestos felt containing the arsenious sulfide to a
250-c.c. beaker. Add 10 c.c. of fuming nitric acid or 10 c.c.
of nitric acid (1.42 sp. gr.) and 1 gram of potassium chlorate.
Evaporate to dryness. Dissolve the arsenic acid in dilute hydro-
chloric acid, filter and wash with hot distilled water. Concen-
trate to about 20 c.c., heat to boiling and add 10 c.c. of magnesia
mixture, and 10 c.c. of ammonia (0.95 sp. gr.). Continue to
boil for 15 minutes, remove from the source of heat, cool, add
20 c.c. of alcohol and let stand for five hours. Filter and wash the
precipitate on a weighed Gooch crucible, dry, ignite and weigh as
magnesium pyroarsenate, which contains 48.27 per cent arsenic.

Magnesia Mixture.—Dissolve 110 grams of crystallized mag-
nesium chloride in a small amount of water. Add 140 grams of
ammonium chloride, make distinctly ammoniacal with ammonia
and dilute to 2,000 c.c. with distilled water. Allow the solution
to stand and siphon off the clear solution for use.

REFERENCES:
GiBB, J. Soc. Chem. Ind. (1901), 184.
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Braig, “The Chemical Analysis of Iron,” p. 201,
StEAD, J. Iron Steel Inst., 1 (1895).
‘“Methods of Analysis of Iron and Steel at American Rolling Mills
Company.”

Instead of weighing the arsenic as pyroarsenate the iodine
titration method is often used. For this method proceed as
directed on page 223, using the arsenic sulfide obtained above.



CHAPTER XVII
DETERMINATION OF ALUMINIUM IN IRON AND STEEL

Metallic aluminium is added to steel in nearly all steel works to decoxi-
dize or ““quict” the steel. The affinity of aluminium for oxygen is so
much greater than that of iron that very small amounts of aluminium
arc sufficient to overcome the mass action of the large amount of iron
present forming Al,O3, which is insoluble in iron and hence goes into the
slag if sufficient time is allowed. A great deal of the Al;Oj; is entrained
in the freezing iron, however, and hence the steel contains both Al,O; as
non-metallic inclusions and any excess aluminium is alloyed with the
iron. If the steel is dissolved in dilute HCI, the Al,O; nearly all remains
insoluble, while the alloyed aluminium goes into solution. Hence, when
desired, it is possible to make a thoroughly satisfactory separation of the
aluminium present as oxide from that alloyed with the iron.

When a slightly acid solution of divalent iron and aluminium is boiled
with the addition of a large amount of sodium phosphate the aluminium
is precipitated as phosphate contaminated with small amounts of iron,
chromium, zirconium and titanium, if these are present.

Aluminium is also very satisfactorily separated from iron by the use
of phenylhydrazine. The solution must be slightly acid, and the iron
divalent. Chromium, titanium, zirconium and thorium are precipitated
with the aluminium hydroxide, Be, Mn, Co, Ni, Cd, Zn, Hg, Mg, Ba,
Sr and Ca remaining in solution.

If the sample contains tungsten it must be removed as WO; by the
usual methods.

Process of Analysis.—Dissolve 10 grams of the metal in 60 c.c.
of concentrated HCl. Evaporate to dryness to separate SiO,.
Take up in HCI and filter and determine the SiO, as usual with
the use of HF. Add to the residue left in the crucible, which
will contain the Al;O; which was in the iron as Al,Os;, 14 gram of
Na,COs, fuse, dissolve the cake in water and add to the main solu-
tion. Dilute to 200 c.c., add ammonia until a slight, permanent
precipitate appears, dissolve this by adding HCI drop by drop,
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add a slightly acid saturated solution of ammonia bisulfite with
constant stirring until the solution smells strongly of SO,. If
the solution turns a deep red, add a little more HCl. Continue
the addition of the bisulfite to the warm solution until no test
for ferric iron is obtained with KCNS on a white plate. Now
add 3 c.c. of phenylhydrazine with constant stirring until the
alumina is precipitated.

As soon as the precipitate settles, filter and wash with water
containing a small amount of phenylhydrazine sulfite until all iron
is washed out. Dry, ignite in a platinum crucible and fuse the
impure Al,O; with 2 grams of sodium carbonate and 14 gram of
KNO;. Cool, digest the cake with hot water until thoroughly
disintegrated, dilute to 50 c.c., filter and wash well with hot
water. Iron and titanium remain on the filter paper while alu-
minium and chromium are in solution. (If the residue of iron
and titanium is large in amount, the fusion and extraction should
be repeated.) Add HCI to the filtrate until nearly neutral, then
2 c.c. in excess, boil to drive off CO,, add 10 c.c. of 10 per cent
sodium phosphate solution, heat to 60°C. and add ammonia
until barely alkaline, allow to settle for two hours, filter, wash
with hot water until chlorides are removed, dry, ignite in a
porcelain crucible and weigh the AIPO,;. This weight multi-
plied by 0.2219 gives the weight of aluminium present.

Notes.—The phenylhydrazine bisulfite solution is made as follows:
Add a cold saturated solution of SO. to a few cubic centimeters
of phenylhydrazine until the precipitate which forms redissolves. The
solution keeps well. For use, dilute 10 c.c. to 100 c.c. with water.

If the steel contains no chromium, the process as above described is
easily carried out. If the steel is high in chromium, the final precipitate
may contain some chromium, which will have to be separated by a
second fusion with sodium carbonate and potassium nitrate. If the
steel contains uranium, use ammonium carbonate instead of ammonia to
precipitate A1(OH)s,.

The function of the ammonium bisulfite is to reduce the iron to a
divalent form, as the trivalent iron precipitates by hydrolysis with the
Al(OH);.

Instead of using phenylhydrazine, the same procedure may be used,
except that 10 c.c. of saturated sodium phosphate and 5 grams of
ammonium acetate are added.
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Etuer METHOD

When the ether separation as given on pages 125, 129 is carried out,
the aluminium passes into the aqueous solution with vanadium, manga-
nese, nickel, ete. The aluminium can then be precipitated as above
without having such a large amount of iron present.

Process.—Treat a 5- or 10-gram sample as directed on page 129
until the aqueous solution is separated from the ethereal solu-
tion. Then add 2 c.c. H;S0,, evaporate the solution until fumes
of HyS0, appear, dilute to 50 c.c. and precipitate the aluminium
as directed above for the second precipitation.



CHAPTER XVIII
THE DETERMINATION OF URANIUM IN STEEL

Uranium is occasionally added to steel as an alloying element,
especially in high-speed stecls. The analysis depends upon the fact that
uranium is separated along with vanadium, nickel, manganese, etc. from
all except a small amount of the iron when the ether separation is made.
The uranium is finally separated from iron and vanadium by mecans of
sodium carbonate, in which solution uranium remains while iron and
vanadium are precipitated.

Process of Analysis.—Proceed as directed on page 125 until
the ether separation is made, and the aqueous solution is boiled
until the volume is about 10 c.c. Add 30 c.c. of strong nitric
acid and, if vanadium is present in large amounts, add enough
iron to bring the iron content of the solution up to five times the
amount of vanadium present. Again evaporate to 10 c.c.,
add 30 c.c. of HNO; and again evaporate to 10 c.c. to remove all
HCl. Add 40 c.c. of HNO; and 5 grams of sodium chlorate and
boil until 20 c.c. are left. Filter off MnO, through an asbestos
mat in a Gooch crucible.

Dilute to 200 c.c. and add ammonium hydroxide free from car-
bonate. The iron, uranium and vanadium precipitate, leaving
chromium in solution. If chromium be present in large amounts,
the precipitate should be again treated with nitric acid and
sodium chlorate and a second separation made.

Dissolve the precipitated hydroxides in 1:1 HNOjs, using 10 c.c.,
dilute to 20 c.c., neutralize with ammonia, add 20 c.c. excess,
heat nearly to boiling, add 2 grams of sodium carbonate carefully,
remove from the heat, stir for a minute and add 2 grams more of
sodium carbonate. Heat to boiling, allow the precipitate to
settle and filter off the oxides of iron-and vanadium. Dissolve
the precipitate in 10 c.c. of 1:1 HNO; and reprecipitate as above.
Combine the filtrates, add HCI until acid and boil to expel all
CO;. Add ammonia free from carbonate until alkaline, boil for a
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few minutes, filter and wash with water slightly alkaline with
ammonia. Dissolve the precipitate in 10 c.c. of 1:1 HNOs,
dilute to 20 c.c. and again precipitate the uranium with ammonia.
The uranium precipitates as a lemon-yellow ammonium uranate
((NH4),U,0mH,0). Filter, wash with water slightly alkaline
with ammonia, ignite and weigh as U;0s.

Notes.—The purity of the residue may be tested by treating with
HNO; (1.20 sp. gr.). Oxides of iron and chromium remain undissolved
and can be filtered off and correction made. The vanadium goes into
the filtrate and can be determined and correction made.

Sulfate solutions containing uranium may be reduced by the Jones
reductor and the reduced solution titrated with permanganate, the
uranium undergoing change from UQO, to UQ;.  This titration is quite
accurate, provided iron and vanadium are absent.

The sodium carbonate precipitation of iron and vanadium also pre-
cipitates aluminium and titanium.

The preeipitate of ammonium uranate is always impure if sodium or
potassium salts are present, hence a double preeipitation is necessary.

Uranium ores are analyzed practically the same as for steels except
that it is not necessary to make the cther separation and the precipi-
tate of iron and vanadium should in some cases be reprecipitated the
third time. The uranium may be finally precipitated and weighed or
the precipitate may be dissolved in 100 c.c. of 1:5 H;804 and reduced
by the Jones reductor as directed on page 39.

REFERENCES:
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CHAPTER XIX
THE DETERMINATION OF OXYGEN IN STEEL

This important determination has not received as much attention as
it should have, as the properties of steel are considerably affccted by
the presence of considerable amounts of oxygen. The oxygen exists
in the steel as oxides of iron, manganese, silicon, titanium, aluminium,
etc. The method here given depends upon the reaction between the
9xide of iron and hydrogen at a high temperature, with the formation of
water vapor which is absorbed in phosphorus pentoxide and weighed.

Since hydrogen does not reduce the oxides of manganese, aluminium
and silicon, the oxides combined with them are not determined with this
method, that is, the method determines only the occluded oxygen and
the oxygen combined with the iron and other easily reduced metals.
However, when the metal is a very pure iron, containing only a few
hundredths per cent of manganese and a trace of silicon, the result for
oxygen obtained by this method must be fairly accurate. It is pre-
cisely in this kind of iron that the oxygen content must be closely
watched. The oxides of easily reduced metals, such as copper, nickel
and tungsten, could scarcely exist in steel, the oxides of the metals
having a very high heat of oxidation, such as silicon, aluminium,
chromium, vanadium, are undoubtedly present but are not reducible by
hydrogen. The determination of oxygen in steel by the Ledebur
method, using hydrogen, therefore, can only determine the oxygen
present as iron oxide and probably this oxide when present as silicate is
not completely reduced. The higher oxides of manganese, titanium and
vanadium are reducible under the conditions of the method, but it is
hardly conceivable that they arc present. The oxygen which is present
as occluded CO; and CO is largely included in the determination.

The determination depends upon the reaction 2FeO+H,=2Fe+
H,0, the water formed by the reaction being absorbed by phosphorus
pentoxide and weighed.

The drillings used for the determination of oxygen are quite certain to
have enough oxide formed on the surface, due to the heat generated
during drilling, to have a profound effect upon the results, unless the
drilling is done under oil.
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The accurate determination of oxygen in steel requires the very
greatest care and experience. The method as given below is the
Ledebur method modified by the American Rolling Mill Company for
practical furnace control.

Process of Analysis.—Drill the block of steel under oil until
about 100 grams are obtained, pour off the oil and wash with
benzol until all trace of oil is removed, dry thoroughly in a desic-
cator through which a current of air dried over sulfuric acid is
passed. The sample should be used for the determination of
oxygen as soon as possible after drying, since the steel slowly
oxidizes.

For mill practice, where samples can be taken from bars, they
should first be cleaned from all mill scale or surface oxide by the
use of an emery wheel. The sample should then be placed in a
milling machine which should be run at very slow speed in order
to avoid oxidizing the millings. A light transverse cut should
be taken entirely across the bar and the millings discarded in
order to remove any oxidized cavities which were not removed by
the emery wheel.

The sample should be the average of the entire cross-section if
possible, as there is some difference in gas content between the
interior and exterior portions of bars. The sample must be
free from all dirt, and samples should not be ground in the vicinity
where a sample is being milled, on account of the danger of con-
tamination from finely divided particles of oxide of iron.

The millings should be removed from the sample by the use of
a magnet, and placed in a dry glass-stoppered bottle. It is of
the utmost importance that millings of uniform size be used for
analysis, those passing a 20-mesh and remaining upon a 40-mesh
sieve being selected. The millings should remain in the unstop-
pered bottle for half an hour in a desiccator containing concen-
trated sulphuric acid. A 30-gram sample is placed in a 14 X 14
X 6 in. platinum or pure iron boat (for cast iron use a porcelain
boat), which is placed in the 2§ X 30in. silica tube T'.

In most descriptions for determining oxygen by the Ledebur
method, hydrogen is generated by the action of some acid upon
zinc contained in a Kipp’s generator. It has been found that
hydrogen so prepared contains considerable carbon monoxide
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and carbon dioxide, whereas hydrogen produced by the electro-
lytic process and stored in tanks is practically free from these
two gases, is much easier to handle and is cheaper.

Apparatus.—The apparatus used in making the oxygen deter-
mination is shown in Fig. 10.

A 4-liter Kipp generator may be used for generating the hydro-
gen. It should be charged with drillings of pure iron or mossy
zine, and dilute hydrochloric acid (1:1). Steel turnings should
not be used in the generator, as the object is to generate the purest

Fia. 10.

possible hydrogen. Hydrochloric is preferable to sulfuric acid.
Electrolytic hydrogen is much better. After its formation, the
hydrogen is purified and dried by passing through the usual train,
as shown in the figure. It passes first over stick potash, and
next through a 30 per cent potash solution. This solution in
the second bottle should be renewed as soon as it shows a tinge
of yellow, due to the presence of sulfides. The hydrogen next
passes through concentrated sulfuric acid to dry it, and then
enters a silica tube with 14-in. bore, 30 in. in length, which con-
tains a roll of platinum gauze or palladiumized asbestos. The
14-in. tube lies on top of a 1 X 30-in. fused silica tube contained
in a suitable 12-in. gas-blast furnace. It is better to preheat
the hydrogen in a separate furnace.

The object of the preliminary heating over platinum foil is
to free the hydrogen from the small quantity of oxygen which it
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always contains. If this precaution is not taken, the results will
be too high. The water formed in the small-bore tube is caught
in a U-tube shown in the figure, which contains phosphoric
anhydride opened up with glass wool. This drying tube has
rubber stoppers. The connection is made with pure gum tub-
ing and is permanent, the sample being introduced from the
opposite end of the combustion tube. All rubber connections
should be made tight, as dirccted on page 328.

Blanks should be run from time to time to make sure that the
apparatus is in good order and everything working properly.
Samples should not be introduced into or removed from the com-
bustion tube when it is more than hand-hot, but silica tubes may
be quickly cooled with perfect safety by turning off the gas and
allowing the cold-air blast to play on the tube.

Process of Analysis.—Weigh 20 or 30 grams of finely divided
borings into a silica boat 14 X 14 X 6 in. The boat with its
charge is quickly inserted into the combustion tube at the right
end and pushed to the middle zone by means of a rod of suitable
length. The stream of hydrogen should be passing freely when
the tube is opened for the insertion of the sample. After the
stopper is replaced, the weighing tube and guard tube are finally
connected up with pure gum tubing. The weighing tube is a 4-
in. U-tube, with ground glass stoppers, containing phosphoric
anhydride opened up with glass wool. The guard or trap tube is
similarly charged and is intended to prevent the drawing back
of moisture from the air of the laboratory. After the apparatus
is all connected and in good order, the pure dry hydrogen should
be allowed to sweep through a few minutes until all traces of air
are removed from the entire system. The gas is then lighted,
the blast turned on and the temperature run up to a yellow heat,
about 1,000°C. This heat is maintained for 30 minutes while
the hydrogen is passing through the apparatus at the brisk rate
of about 100 c.c. per minute. After the combustion is completed,
the gas is turned off the furnace, leaving the blast playing upon
the hot tube. The stream of hydrogen should continue to pass
until the tube is cool enough to bear the hand upon it.

Immediately after the tube is cool enough, the weighing tube,
with its guard tube, is disconnected and connected with a suit-
able aspirator, so as to suck out the hydrogen gas and replace
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it with air dried over P;O;. A suitable aspirator consists of a
4-liter aspirator bottle filled with water. The upper tubular
of the bottle is guarded with a calcium chloride tube to which
the weighing tube is connected. A gas washing bottle contain-
ing concentrated sulfuric acid follows the phosphoric anhydride
tube which is connected to the other side of the weighing tube.
Place the weighing tube in the balance with an exactly similar
tube and allow them to remain for 15 minutes to come to the
temperature of the balance and to attain the same degree of
moisture on the surface of the glass. Weigh, using the other
tube as a counter poise. The weighing tube should, of course,
be weighed in exactly the same way at the beginning of he
determination. The increase in weight is H,O produced by
the determination. Results ought to check within 0.003 per
cent. Blank determinations and proper corrections must be
made.

Notes on the Process.—The aspirator may be roughly calibrated by
allowing about 500 c.c. of water to run out of the lower tubular of the
aspirator. A sufficient quantity of perfectly dry air is drawn through to
displace all the hydrogen thoroughly. After all is ready, the weighed
tube is closed by its glass stop-cocks, disconnected from its guard tube
and placed in a desiccator for 15 minutes before being weighed. Eight-
ninths of the increased weight of the tube is oxygen. The blanks on the
apparatus establish the average correction to be subtracted from the
weight found. The correction on an apparatus in good order should not
exceed 2 mg. On damp days the blank is usually a llttle higher than
when the air is dry.

If the stop-cocks on the weighing tube are ground so as to fit very
tightly, it is not necessary to displace the hydrogen with air. If the
cocks do not fit very tightly, some hydrogen will diffuse out.

In charging the weighing tube with phosphoric anhydride and glass
wool, take care to remove any specks of phosphoric anhydride from the
upper portions of the tube.

The following points should be given careful attention in order to
attain the highest degree of accuracy:

Samples must be clean, absolutely dry and free from oil. They should
be cut, preferably with a milling machine tool running at a low rate of
speed. The samples must not heat in cutting. Sheet samples are first
cleaned from oxide on an emery wheel, avoiding heating as much as
possible. The sheet should be milled on the edge.
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Whenever possible, samples should be cut from bars which are first
cleaned by a superficial cut with the milling tool. Extreme care must be
taken in the preparation of the sample.

The entire apparatus must be kept to the top notch of cleanliness,
tightness and general good order. Blanks should be run frequently.
Analyses should be in duplicatc whenever the results are to be used as a
basis for specification. The most extreme care should be taken to
exclude all oxygen from the sample and apparatus except that which it is
the object to determine.

REFERENCES:
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118,

WavLker and Parrick, J. Ind. Eng. Chem. (Nov. 1912), 799.

The American Rolling Mills Company, ‘ Analysis of Iron and Steel.”

Determination of Hydrogen in Steel.—Hydrogen is determined
in exactly the same manner as described for oxygen, except that
pure oxygen is used and the tempcrature of the combustion
tubes is kept at about 800°C., and the oxygen is passed through
at the rate of 25 c.c. per minute for 30 minutes. The hydrogen
in the steel is oxidized to H,O and weighed as described under
oxygen.



CHAPTER XX
THE DETERMINATION OF NITROGEN IN STEEL

It is well known that nitrogen in steel causes brittleness and effects
the thermal transformation points. The nitrogen is present in steel as
occluded gaseous nitrogen and as nitrides of iron, titanium and vana-
dium. When ordinary steel is unusually high in nitrogen, as, for
instance, when heated in the presence of ammonia or cyanide, the pres-
ence of nitrogen as nitride is clearly evident as needle-like crystals when
examined by the microscope.

The method most widely in use for the determination of nitrogen is
Langley’s. This method doecs not determine the total nitrogen in the
steel. Occluded nitrogen and insoluble nitrides and cyanamidesare
not included. Steels which have been treated with titanium or
vanadium are apt to have insoluble nitrides.

The method is useful, however, in ordinary steels and irons, since it
appears that the corrosion of steel and iron is hastened by the presence of
nitrogen as iron nitride, which is determined by this method.

The following method is the one devised by Allen and perfected by
Langley as it is used by the Amecrican Rolling Mill Company. It
depends upon the fact that when a steel is dissolved in hydrochlorie acid
the nitrogen which was present as nitride is retained by the acid present
as ammonium chloride. The solution is then made alkaline by sodium
hydroxide and the ammonia distilled off. The distilled ammonia is
then treated with Nessler’s reagent with which it produces a brown pre-
cipitate of enormous coloring power, so that the minutest trace of
ammonia can be recognized by the formation of a distinct yellow color.
The reaction is

the mercury compound being the colored precipitate.

Since the reaction is so very delicate, the utmost care must be used to
see that no ammonia is allowed to get into the solutions used from the air,
and especially prepared water and chemicals must be used. Even then
it is imperative that blanks be frequently run. The determination must
be made in a room in which there is no (or the least possible) quantity of
free ammonia or ammonium salts in the air.
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The reagents required are:

Hydrochloric Acid of 1:1 Specific Gravity, Free from Am-
monia.—This may be prepared by distilling pure hydrochloric
acid gas into distilled water free from ammonia. To do this,
take a large flask fitted with a rubber stopper carrying a sep-
aratory funnel tube and an evolution tube. Place in the flask
strong hydrochloric acid, conneet the evolution tube with a wash
bottle connected with a bottle containing the distilled water.
Admit strong sulfuric acid free from nitrous acid to the flask
through the funnel tube, apply heat as required and distill the
gas into the prepared water.

Test the acid by admitting some of it into the distilling appa-
ratus, described further on, and distilling it from an excess of
pure caustic soda, or determine the amount of ammonia in a por-
tion of hydrochloric acid of 1:1 specific gravity, and use the
amount found as a correction.

Solution of Caustic Soda.—Dissolve 300 grams of fused caustic
soda in 500 c.c. of water, and digest it for 214 hours at 50°C. with
a copper-zinc couple prepared by rolling together about 6 sq. in.
each of zince and copper foil.

Nessler Reagent.—Dissolve 35 grams of potassium iodide in a
small quantity of distilled water, and add a strong solution of
mercuric chloride little by little, shaking after each addition,
until the red precipitate dissolves. Finally, the precipitate
formed will fail to dissolve; then stop the addition of the mercury
salt and filter. Add to the filtrate 120 grams of caustic soda
dissolved in a small amount of water, and dilute until the entire
“solution measures 1 liter. Add to this 5 c.c. of saturated aqueous
solution of mercuric chloride, mix thoroughly, allow the precipi-
tate formed to settle and decant or siphon off the clear liquid into
a glass-stoppered bottle.

Standard Ammonia Solution.—Dissolve 0.0382 gram of am-
monium chloride in 1 liter of water; 1 c.c. of this solution will
equal 0.01 mg. of nitrogen.

Distilled Water Free from Ammonia.—If the ordinary distilled
water contains ammonia, redistill it, reject the first portions
coming over, and use the subsequent portions, which will be found
free from ammonia. Several glass cylinders of colorless glass of
about 160 c.c. capacity are required.
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The best form of distilling apparatus consists of an Erlenmeyer
flask of about 1,500 c.c. capacity, with a rubber stopper carrying
a separatory funnel tube and an evolution tube, the latter con-
nected with a condensing tube, around which passes a constant
stream of cold water. The inside tube, where it issues from the
condenser, should be sufficiently high to dip into one of the glass
cylinders placed on the working table.

Process of Analysis.—Place 40 c.c. of the caustic soda, which
has been treated with the copper-zinc couple, in the Erlenmeyer
flask, add 500 c.c. of water and about 25 grams of tin foil to
prevent bumping, and distill until the distillate gives no reaction
with the Nessler reagent. . While this part of the operation is in
progress, dissolve 3 grams of the carefully washed drillings in 30
c.c. of the prepared hydrochloric acid, using heat if necessary.
Transfer the solution to the bulb of the separatory funnel tube,
and when the soda solution is free from ammonia, very slowly
drop the ferrous chloride solution into the boiling solution in the
flask until it is all in. Heat to boiling. When about 50 c.c. of
water has been collected in the cylinder, remove it and substitute
another cylinder. Place 114 c.c. of the Nessler reagent in a
cylinder, dilute the distillate to 100 c.c. with the special distilled
water and pour it into the cylinder containing the Nessler reagent.
Take another cylinder, place therein 114 c.c. of the Nessler
reagent and 100 c.c. of the special distilled water to which 1 c.c.
of the ammonium chloride solution has been added, and compare
the colors of the solutions in the two cylinders. If the solution in
the cylinder containing the ammonium chloride solution is lighter
in color than that in the cylinder containing the distillate, place
114 c.c. of the Nessler reagent in another cylinder, pour into it
100 c.c. of water containing 2 or more c.c. of the ammonium
chloride solution and repeat this operation until the colors of the
solutions in the two cylinders correspond after standing about 10
minutes. When about 100 c.c. have distilled into the second
cylinder, replace it and test as before. Continue the distillation
until the water comes over free from ammonia, then add together
the number of cubic centimeters of ammonia solution used,
divide the sum by 3, and each 0.01 mg. will be equal to 0.001 per
cent of nitrogen in the steel.



CHAPTER XXI

THE DETERMINATION OF SPELTER AND TIN PLATE
COATING

The following method is recommended by the American Roll-
ing Mill Company:

The method for determining the weight of spelter coating con-
sists of dissolving it in HCI containing a small amount of antimony
chloride. Antimony chloride appears to hasten the solution of
the coating, and after the coating has dissolved a thin film of
antimony plates on the surface of the base metal and retards the
solution of iron or steel. Experiments have shown that sheet
steel 214 X214 in. which loses 50 mg. in five minutes in cold
hydrochloric acid (sp. gr. 1.20), will lose in that time only 1 mg.
in the same acid containing 80 mg. of antimony per 105 c.c. of
acid.

In this method the metal is immersed in the acid only one
minute, which is long enough to dissolve several grams of coat-
ing, yet the amount of iron or steel dissolved is negligible. The
small amount of antimony which plates on the surface of the
sample can easily be removed by scrubbing under running water.
This method is rapid and accurate and a determination can be
made in less time than is occupied in making the Preece test.

Process for Sheets.—For determining the weight of coating
on galvanized sheets, cut three samples 214 X214 in. from a
strip cut from the middle of the sheet. The three samples should
be weighed together and immersed singly for one minute in 100
c.c. of HCI (sp. gr. 1.20), to which has been added 5 c.c. of anti-
mony chloride prepared by dissolving 20 grams of antimony
trioxide in 1,000 c.c. of HCI (sp. gr. 1.20). The same 100 c.c.
of HCI can be used for at least five samples. Five cubic centi-
meters of the antimony chloride, however, should be added for
each sample, on account of the antimony being removed from the
solution by the iron.
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Wash and scrub the samples under running water, dry with a
towel, lay in a warm place for a few seconds and weigh. Each
gram of loss in weight corresponds to 1 oz. of coating per square
foot.

Wire.—A small section of the galvanized wire should be
stripped in hydrochloric acid containing antimony chloride. The
diameter of the black wire should then be carefully measured in
order to determine the length of wire, such that the number of
grams of coating will represent the number of ounces per square
foot of surface. In the lighter wires, however, it will be found
convenient to use some fraction of these lengths.

The method of making the test is very similar to that outlined
for galvanized sheets, except that the wire is first cleaned with
carbon tetrachloride or gasoline, and after being carefully weighed
is placed in a tall glass cylinder containing hydrochloric acid
(sp. gr. 1.20), to which has been added from 2 to 3 c.c. of antimony
chloride solution of the same strength asused on galvanized sheets.
The reason for using one-half the amount of antimony chloride
in the case of wire is on account of taking one-half the area.

As previously stated, the coating on galvanized sheets is
expressed in ounces per square foot, considering one side only,
when in reality this amount of coating  reprcsents 2 sq. ft. of
surface. After immersing the entire length of wire for one min-
ute it will be found convenient to pour the acid solution into
another tall cylinder in order to facilitate removing the wire.
The wire is then scrubbed under running water, wiped, thoroughly
dried in a warm place for a few seconds and again weighed.
Each gram lost corresponds to 1 oz. of coating per square foot.
For direct comparison with the weight of coating as expressed on
galvanized sheets, this figure should be doubled.

ANALYSIS OF TIN AND TERNE PLATE AND LEAD-COATED SHEETS,
MEeTHOD OF THE AMERICAN Rorvring MinL CoMPANY

Several samples exactly 2X2 in. should be taken for analysis.
Clean thoroughly with carbon tetrachloride or gasoline and
weigh. A 400-c.c. Jena glass beaker has been found the most
convenient for this test. It has been found that 20 c.c. of
concentrated sulfuric acid is sufficient for each 2X2-in. piece.
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If four pieces are taken, however, 60 c.c. of sulfuric acid will be
sufficient. Place the requisite amount of acid in the beaker and
heat to at least 250°C. Wrap a stiff platinum or nickel wire
around one of the 2X2-in. pieces so that it can be placed in
the acid in a horizontal position. Immerse the piece in the hot
acid for exactly one minute. Transfer the piece to another
400-c.c. beaker containing 25 c.c. of distilled water and rub the
surface of the sample while washing with about 50 c¢.c. more dis-
tilled water, using a wash bottle for this purpose. Dry the sam-
ple thoroughly and rewecigh. The loss in weight represents the
coating and some iron. Repeat this operation for each sample,
collecting all rinsings in a beaker, and reserve for analysis.

The iron which has dissolved is determined as follows: The
sulfuric acid is carefully poured into the beaker containing the
washings from the 2X2-in. pieces. This solution is cooled
and poured into a volumectric flask. Then 25 per cent by volume
of concentrated hydrochloric acid is added and the flask filled
to the mark with distilled water. If four picces have been
taken for analysis, a 500-c.c. volumetric flask will be required.
Use a proportionately smaller flask if less than four samples are
analyzed. Mix thoroughly, and transfer 100 c.c. of the solution
to a 300-c.c. Erlenmeyer flask. Add a solution of tenth-normal
permanganate until iron and tin are oxidized, which is indicated
by the appearance of a permanent straw color. No account is
taken of the amount of permanganate used. Heat to boiling
and reduce carefully with stannous chloride. Cool and pour
into a 1,000-c.c. beaker containing 500 c.c. of distilled water and
25 c.c. of saturated solution of mercuric chloride, stir vigorously,
add 50 c.c. of the titrating mixture of phosphoric acid and man-
ganese sulfate and titrate with tenth-normal permanganate to
pink color. The amount of iron which has thus been determined
is subtracted from the total weight lost in sulfuric acid; the
remainder is coating. It is very often unnecessary to make an
analysis of the coating, the object being merely to determine the
weight.

There are several ways of expressing the weight of the coating;
we prefer to express it in ounces per square foot. By knowing
the number of square feet in a box of tin plate or a case of terne
plate there is no confusion in converting the ounces per square
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foot to pounds per box or case. The coating on tin plate is some-
times expressed in pounds per box of 112 sheets 14X20 in.
This figure can be obtained by multiplying the number of grams
of coating of each 2X2-in. piece by 17.29. If it is desired
to express the coating on terne plate in pounds per case of 112
sheets 20X 28 in., then multiply the number of grams of coating
on each 2X2-in. piece by 34.57. The average of the several
pieces represents the weight of coating.

If the determination of tin and lead is desired in the sheet,
proceed as follows: Place another 100 c.c. of the sulfuric acid
solution containing the coating in a 300-c.c. Erlenmeyer flask.
Whether lead sulfate is or is not removed with this 100 c.c. does
not influence the accuracy of the tin analysis. Add 50 c.c. of con-
centrated hydrochloric acid, 2 grams of iron drillings and 1 gram
of finely ground antimony. Connect flask with a one-hole stopper
containing a glass tube bent twice at right angles, the end of
which projects into a beaker of water. Heat until all iron is dis-
solved, boil five minutes and replace the beaker containing the
water with one containing an 8 per cent solution of bicarbonate
of soda prepared from boiled distilled water. Remove the
flask from the hot plate and allow the soda water to flow back into
the flask while cooling same with tap water. When cold, add a
few cubic centimeters of starch solution and titrate to permanent
blue color with tenth-normal iodine solution. One cubic centi-
meter equals 0.00595 gram of tin. The amount of tin found is
subtracted from the weight of coating which has been determined
by loss in sulfuric acid, and after the iron correction has been
made the remainder is lead.

Notes.—For details of the chemistry and method see the deter-
mination of tin in ores, page 216, and the analysis of bearing metals,
page 195.

In the determination of tin in tin plate it is only necessary to determine
the loss in sulfuric acid, and then to determine the iron which has been
dissolved, the remainder being tin.

Heavily coated lead sheets may require twice as much acid and a
temperature of 300°C. to remove the coating completely in one minute.



CHAPTER XXII
THE ANALYSIS OF SPELTER

Spelter is the commercial name for the ordinary zinc of
commerce. The chief impurities in spelter are lead, iron and
cadmium. ‘

Determination of Lead.—Lead may be determined with equal
accuracy clectrolytically or by weighing as PbSO,. Weigh
8.643 grams of the cuttings, transfer to a 400-c.c. beaker and add
60 c.c. of 1:1 HNO;. When action is complete, boil the solution
for a few minutes, dilute to 150 c.c. and electrolyze, using gauze
electrodes of about 214214 in. Use a current of 3 to 5 amp.
for 45 minutes to an hour and a half. Wash down the cover
glass and the sides of the beaker occasionally with a little water.
At the end of the time mentioned above immerse the electrodes
14 in. deeper and see if more lead is deposited on the freshly
immersed surface. If not, the electrolysis is complete. Wash
the anode three or four times with distilled water, then with
alcohol, dry in an oven at 210°C., cool and weigh. The weight of
the deposited PbO, in milligrams divided by 100 gives the per-
centage of lead in the sample.

Notes.—The empirical factor weight (8.634 grams) is used instead of
the theoretical one (8.660 grams), as dried PbO; contains some included
water, not entirely expelled.

Before electrolyzing, the beaker should be covered with split watch-
glasses to prevent loss by spraying. The time required for complete
deposition is usually 30 to 45 minutes. For small amounts of lead, 30
minutes are sufficient. The washing should be done immediately, as the
deposit of PbO, tends to dissolve. The PbO, deposit can be readily
removed by immersing in hot dilute HNOj; containing some oxalic acid.
Any manganese in the sample will be deposited as MnQO,.

Determination of Iron.—Dissolve 25 grams of the sample with
125 c.c. of HNO; in an Ehrlenmeyer flask, covering the sample
177
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first with a little water. Boil, dilute to 300 c.c., add 10 c.c. of
HCl and then ammonia until the precipitated Zn(OH), has
redissolved. Boil, let settle and filter on an 11-cm. filter paper.
Wash with dilute ammonia water and then with hot water until
free from chlorides. Dissolve the precipitate from the paper with
hot H.S0, (1:4), add 40 c.c. of H;80, (1:1), cool and pass through
a Jones reductor. Wash out the reductor first with 150 c.c. of
dilute Ho80, and then with 100 c.c. of distilled water and titrate
with a standard KMnOQ; solution.

Notes.—A filter paper which will retain Fe(OH); and filter rapidly
should be used. Whenever the amount of iron is at all large, or when
great accuracy is demanded, a second precipitation of Fe(OH); should be
made by dissolving the precipitatc on the paper in hot dilute HCI,
adding ammonia water and filtering, in order to remove all traces of
nitrates.

The reductor should be clean, preferably washed out with 150 c.c.
of dilute HoSO4 and 100 c.c. of water first. If, before passing through
the reductor, a large amount of PbSO, is present, it is well to filter it
off so as to prevent it from clogging the reductor. A small quantity of
liquid should always be left in the reductor funnel, and air should never
be allowed to enter the body of the reductor. A blank determination
should be made.

Cadmium Determination.—When spelter is dissolved in acids
like HCl and H:S0,, the cadmium remains undissolved as long
as there is still undissolved zine. In this way the cadmium from
a large sample of spelter is concentrated to a residue high in cad-
mium and low in zinc.

Dissolve 25 grams of drillings with 250 c.c. of water and 55 c.c.
of HCI (sp. gr. 1.20). When action has almost ceased, add more
acid with stirring, using about 2 c.c. at a time until all but about
2 grams of zinc has been dissolved. Filter, transferring some
of the undissolved zinc to the filter and wash twice with water.
Wash the undissolved matter on the filter paper back into the
beaker, cover and dissolve with 20 c.c. of 1:1 HNO;, add 20 c.c.
of 1:1 H;SO, and evaporate until fumes of SO; appear. Add
100 c.c. of water, boil and allow to stand until all PbSO, settles.
This should be given several hours or preferably overnight. Fil-
ter, wash three or four times with water containing a little H.SO;,
dilute the filtrate to 400 c.c.,add 10 grams of NH,Cland pass H,S
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gas through for one hour. If CdS does not appear soon, add a
few drops of ammonia. Allow the sulfide to settle and filter the
impure CdS through a Gooch crucible. Transfer to a 200-c.c.
beaker, add 60 c.c. of 1:5 H,804 and boil for 30 minutes, filter,
wash the sulfides of copper, antimony, etc., dilute the filtrate to
300 c.c., add 5 grams of NH,Cl and again precipitate with H,S.
Filter the CdS and wash with water containing H,S. Transfer
the precipitate to a small evaporating dish, dissolving what
remains on the filter paper with hot 1:2 HCI, catching the
washings in the evaporating dish, add 10 c.c. of 1:1 HSO, and
evaporate until copious fumes of SO; are evolved. Place the
dish in a muffle and heat gradually until a temperature of 500°
C. is rcached (a barely visible red). Cool and weigh as CdSOs.

Notes.—If the Cd is unusually large, a third precipitation with H,S
may be necessary. Instead of weighing the Cd as sulfate, the sulfate
may be dissolved, made slightly alkaline with KOH, KCN added until
the solution clears up and the cadmium then precipitated electrolytically.

REFERENCES:

J. Ind. Eng. Chem., T, 547.
Am. Soc. Testing Materials, Standards, 1921.



CHAPTER XXIII
ANALYSIS OF ALUMINIUM AND ALUMINIUM ALLOYS

The usual impurities in aluminium are silicon and iron. Copper,
manganese, zine, nickel, tin and some other metals are added to obtain
specific properties. Silicon is also used to strengthen aluminium.

Determination of Silicon.—Dissolve 1 gram of the drillings
in a mixture consisting of 20 c.c. of water, 6 c.c. of H,S0;, 15 c.c.
of HCl and 5 c.c. of HNO;. When solutionis complete, evaporate
in a casserole, finally raising the temperature until fumes of
SO; are copiously evolved, cool, add 100 c.c. of water and a few
c.c. more of H,SO, and heat until sulfates are all dissolved.
Filter, wash until the filtrate is no longer acid to litmus, ignite
and weigh the Si0;. Calculate to silicon by multiplying by
0.4693.

Aluminium sometimes contains silicon in the “graphitic
state.”” This graphitic silicon does not oxidize to SiO,, nor is it
volatile with HF. Hence, if the above weighed materialis treated
with HF, then evaporated and ignited again, the residue is the
graphitic silicon. This graphitic silicon may then be treated with
a mixture of HNO; and HF, which attacks the graphitic silicon.

Determination of Iron.—Cool the filtrate obtained from the
SiO; and reduce the iron and titrate with permanganate asdirected
on page 36.

Analysis of Aluminium Alloys.—Metallic aluminium is readily
attacked by hot concentrated NaOH. Place 1 gram of the
drillings in a porcelain dish, add just enough water to cover the
drillings and 5 grams of solid NaOH. When violent action has
ceased, dilute to 200 c.c. with hot water and boil until solution is
complete. Filter while hot and wash the residue until free from
alkali. The aluminium and most of the zinc dissolve, while
other metals remain in the metallic state.

Determination of Copper.—Dissolve the residue in 5 c.c. of hot
1:1 HNO;, dilute to 50 c.c. and add ammonia until barely alka-
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line, then add HCI until slightly acid. Dilute to 150 c.c. and
precipitate the copper with H,S, filter and wash free from acid,
ignite in a porcelain crucible and dissolve the CuO in 2 c.c. of
HNO;. Determine the copper by the iodide or sulfocyanate
methods given on pages 229 and 244.

Determination of Manganese.—Treat 1 gram of the sample
exactly as directed on page 84 for the bismuthate method.

Determination of Calcium and Magnesium.—Dissolve the
sample with NaOH as above directed. Dissolve the metallic
residue in 40 c.c. of 1:1 HC1 and a few drops of HNO3, neutralize
with ammonia, add 5 c.c. excess, precipitate with H,.S and filter.
In the filtrate, determine the calcium and magnesium as directed
on page 381.

Determination of Nickel.—Deccompose the sample with NaOH
as above directed and dissolve the residue with as small an amount
of hot 1:1 HNO; as possible. Dilute to 100 c.c., add NaOH
solution until alkaline, then HCI until acid and 10 c.c. in excess.
Determine the nickel as directed on page 123.

Determination of Zinc.—Dissolve a 1-gram sample with NaOH
as above directed, dissolve the metallic residue with a little hot
HNO; 1:1, filter, wash with hot water and make alkaline with
NaOH, boil for several minutes and filter off the iron, chromium,
mangancse, nickel, etc. hydroxides. Add the filtrate to the main
solution and pass H,S through the boiling hot solution. The
zinc precipitates as ZnS. Filter through a double filter but do
not wash. Dissolve the precipitate with the least possible
amount of hot 1:1 HCI, catching the filtrate in the beaker in
which the precipitation was made. Determine the zinc by the
ferrocyanide method as directed on page 204.

Determination of Titanium.—Dissolve a 1-gram sample as
directed above with NaOH, dilute to 200 c.c., heat to boiling,
filter and wash well. Burn in a platinum crucible until all the
carbon is gone, fuse the residue with 2 grams of KHSOj, cool,
dissolve in water containing 2 per cent of H,SO, and determine
the titanium colorimetrically as directed on page 149.

Determination of Chromium.—Proceed exactly as directed for
chromium in alloy steels.

Determination of Vanadium.—Proceed exactly as directed for
vanadium in alloy steels.
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Determination of Uranium.—Dissolve a 1-gram sample in
NaOH as previously directed, with the exception that the
NaOH should be previously treated with Ba(OH),. Filter off
the residue, wash into a beaker and digest with 10 c.c. of hot
1:1 H,80,. Filter and wash with hot water. Neutralize the
filtrate with 20 per cent Na,CO; solution, add 5 c.c. of H,O,
and 30 c.c. more of 20 per cent Na,COj; solution. Boil for
five minutes and filter off the iron. Carefully neutralize the
filtrate with 1:1 H,SO, and add 10 c.c. excess, boil off the CO,
and add 20 c.c. of 20 per cent solution of ammonium phosphate.
Add ammonia until barely alkaline, boil for 10 minutes, filter
and wash with hot water a few times. Dissolve the precipitate
on the filter with hot 1:4 H,S04, wash and reduce the uranium
with a Jones reductor. Titrate the reduced solution promptly
with standard KMnO4. The iron value of the permanganate
multiplied by 2.133 gives the uranium.

REFERENCES:

Aluminum Company of America, “Standard Methods of Analysis.”



CHAPTER XXIV
THE ANALYSIS OF COPPER

The properties of copper are greatly affected by the presence of small
amounts of impurities. The most common impurities are arsenic, anti-
mony, oxygen, bismuth, lead, iron, sulfur. Also silver and gold are often
present in considerable amounts, while silicon, aluminium, nickel, cobalt,
selenium, phosphorus and tellurium may be present.

The following method for arsenic and antimony is as described by
Heath. It depends upon the precipitation of the antimony and arsenic
from the solution of the copper by adding a sufficient amount of ferrie
salt and then NH,OH. The ferric hydroxide carries down with it the
arsenic and antimony in combination with the iron. The arsenic and
antimony are separated from the iron by hydrogen sulfide, the sulfides
are dissolved in sodium sulfide and the arsenic and antimony oxidized to
pentavalent form by fuming nitric acid. Arsenic is separated from
antimony by precipitating it out as sulfide from 2:1 hydrochloric acid
solution in which antimony sulfide is soluble.

Copper when present in large quantities is always best determined
electrolytically, but, since most of the impurities in copper are precipi-
tated more or less completely with copper when it is deposited electrolyt-
ically, it is necessary to purify the solution from which copper is to be
deposited.

Determination of Copper.—-Dissolve a 5-gram sample in 42 c.c.
of the ‘“Assay Solution” and cvaporate until all the HNOs
is expelled. Redissolve in 70 c.c. of water and add 3 c.c. of ferric
nitrate solution (1 c.c. = 0.01 gram of iron). Transfer the
solution to a lipped beaker and place the original beaker under a
funnel fitted with a small filter paper. Precipitate the iron
from the hot liquid by ammonia, filter and wash well. Place
the solution on a hot plate to concentrate, reprecipitate the
hydroxide from dilute H:SO, in a very small volume of solution
and add the filtrate to the main solution. Reprecipitate the
hydroxide once more from dilute H,SO,, filter, wash thoroughly
and add the filtrate to the main solution. Make the solution
acid with dilute H,SO4 and add 2 c.c. of HNOj (sp. gr. 1.42).
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Dilute to 150 c.c. in a 250-c.c. beaker and place the electrodes in
the beaker so that the cathode is completely immersed. The cath-
ode must be of platinum gauze and should be made of 50 meshes
per lineal inch, with a total surface of about 100 sq. cm. Connect
the electrodes to storage cells or other source of direct current
and electrolyze, using a current of 2 to 4 amp. until gas com-
mences to be evolved on the cathode. This will require not
less than four hours. During the electrolysis the beaker must be
covered with a split cover glass, otherwise considerable amounts
of the solution will be lost by spraying. When gasing starts at
the cathode, reduce the current to about 0.4 amp., wash the sides
of the beaker and the cover glass with water and continue elec-
trolysis. When it is thought that the copper is completely
precipitated, pipette 1 c.c. of the solution, place on a porcelain
plate and test with a few drops of fresh H,S water. If no dis-
coloration occurs, the clectrolysis is complete.

Without interrupting the current, siphon off the acid solution,
at the same time filling the beaker with distilled water. Remove
the cathode quickly and rinse it in distilled water and two
successive baths of alcohol. An experienced operator can quickly
remove a cathode and immerse it in water without loss. Throw
off the excess alcohol by a quick motion of the hand and ignite
the remainder by bringing the cathode quickly to the flame of an
alcohol lamp; then keep the cathode moving continually while
the alcohol burns. Weigh as metallic copper.

“Assay Solution.”—Mix 300 c.c. of H:804 (sq. gr. 1.84), 210
c.c. of HNO; (sp. gr. 1.42) and 750 c.c. of distilled water.

Notes.—If the copper is highly refined copper, the removal of arsenic
and antimony by precipitation of iron hydroxide may be omitted and the
solution of the copper in the ‘“ Assay Solution” electrolyzed directly
after dilution to 150 c.c.

The accuracy of the determination should be within 0.015 per cent.

Silver, which may be present, is deposited with the copper.

A few thousandths of a per cent of the copper may remain unde-
posited. This may be determined after cvaporation to 50 c.c. by
neutralizing with ammonia, then making slightly acid with HCl and
precipitating with H,S. The CuS is dissolved in nitric acid, then
electrolyzed from a small solution.
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Determination of Arsenic, Antimony and Bismuth.—Dissolve
25 grams of the drillings in a 600-c.c. beaker with 110 c.c. of
nitric acid (sp. gr. 1.42). Dilute to 300 c.c. and add a solution of
2 grams of c.p. ferric sulfate made from c.p. crystallized ferrous
sulfate. Heat nearly to boiling and add NH,OH until the iron is
precipitated and the copper salts redissolved. This will take
about 175 c.c. Heat to boiling, let settle a half hour on a hot
plate and filter on a 15-cm. ashless paper. If bismuth is to be
determined, add 2 grams of ammonium carbonate and 5 c.c. of
saturated sodium phosphate solution after the iron is precipitated.
If the copper contains more than 0.1 per cent of arsenic and anti-
mony, add more of the ferric sulfate to the acidified filtrate and
again precipitate with NH,OH, filter and wash both precipitates
well with hot 1:10 NII,OH. Redissolve the precipitate or pre-
cipitates with dilute sulfurie acid, precipitate again with NH,OH,
filter and wash well.

Dissolve the ferric hydroxide with hot dilute sulfuric acid con-
taining 5 per cent of hydrochloric acid and precipitate in the
cold the arsenic antimony and bismuth with hydrogen sulfide,
passing the gas through for 15 minutes. Stopper the flask and
let settle overnight. In the morning pass hydrogen sulfide
through again, filter on a small filter paper and wash with slightly
acid hydrogen sulfide water.

Transfer the paper and contents to a small beaker and dissolve
the sulfides of antimony, arsenic and tin with hot sodium sulfide,
digesting until they are all dissolved. Use as little sodium sul-
fide as possible. Filter and wash with slightly alkaline hydrogen
sulfide water. Bismuth sulfide remains on the filter.

To the filtrate add 0.2 gram of sodium hydroxide, evaporate
to dryness on a steam plate, treat the residue with 20 c.c. of
strongest fuming nitric acid and digest until the sulfur is all dis-
solved. Evaporate to dryness again.

Dissolve the residue in 35 c.c. of hydrochloric acid containing
two parts of hydrochloric acid (sp. gr. 1.2) to one of water, adding
a crystal of tartaric acid. Pass hydrogen sulfide through the
cold solution until the solution is saturated whereupon the arsenic
precipitates. Allow to settle a short time, filter on an asbestos
mat, and wash with acid of the same strength as the solution.
Wipe out any sulfide adhering to the side of the beaker with
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asbestos. As soon as the mat is washed well, the beaker is
removed and the acid removed from the mat with H,S water.
Test the filtrate with more hydrogen sulfide gas. Keep the
filtrate for the antimony.

Digest the mat with the sulfides in a small beaker with fum-
ing nitric acid, dilute with 114 times its volume of water and filter,
wash and evaporate to dryness with 0.1 to 0.5 gram of sodium
nitrate, according to the amount of arsenic present.

Dissolve the residue in 5 c.c. of cold water, 10 drops of hydro-
chloric acid and 0.1 gram of tartaric acid. Filter through a small
paper and wash with the smallest amount of water possible.
Make slightly alkaline with NH,OH, when the volume should not
be more than 12 c.c. Add 3 c.c. of magnesia mixture, make up to
20 c.c. with strong NH,OH and stir five minutes. If the amount
of arsenic is excessive add more precipitant and increase the vol-
ume to 30 c.c., one-third of which is NH,OH.

Allow to stand over night in a cool place, filter on a 3-cm.
filter paper and wash with a fine jet of 1:3 NH,OH until free
from chlorine. Dry the paper in an oven, crumble out the
arsenate on a glazed paper and put the paper in a porcelain cruci-
ble. Add a few drops of saturated ammonium nitrate and char
the paper very carefully, add more nitrate and again heat care-
fully until the paper is consumed without giving an odor of arsenic.
Add the rest of the arsenate, ignite at a full red-heat and weigh.
Or filter the arsenate on a small weighed Gooch filter, wash
well, ignite and weigh as Mg:As;07, which contains 48.27 per
cent As.

The magnesia mixture should be free from lime and should
not be used after it has attacked the glass of the bottle. It is
made of one part of magnesium sulfate, four of ammonium chlo-
ride, eight of water and four of ammonia (sp. gr. 0.90).

Instead of determining the arsenic gravimetrically, it may be
titrated. Transfer the solution of arsenic sulfide in fuming nitric
acid to a Kjeldahl flask, add 15 c.c. sulfuric acid and 3 grams of
KHSO, and evaporate to fumes for 15 minutes. Cool, add 0.5
gram tartaric acid and fume until colorless. Cool, dilute to 200
c.c. and add NH,OH until just alkaline, then make just acid, add
3 drops of 10 per cent KI and 10 grams of NaHCOj3, cool and
titrate with iodine. The solution is made as directed on page 223.
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The arsenic may be very satisfactorily determined as directed
on page 157 by distillation, then dissolving the As,S; and titrat-
ing as directed above.

Antimony.—The filtrate from the arsenic sulfide contains the
antimony (and traces of tin). Evaporate nearly to dryness to
remove the excess of acid, dilute to 25 c.c. and precipitate the
antimony (and tin) with II,S. Filter, dissolve with a little
sodium sulfide (to remove traces of copper), filter again, make
the filtrate acid and pass in H,S. Filter on a weighed Gooch
filter, wash with H,S water, ignite and weigh as Sb,04.

If the determination of tin is desired, it is separated from the
antimony in the filtrate from the arsenic sulfide by Clark’s oxalic
acid method.

Bismuth.—The sulfide of bismuth left after the treatment of
sulfides of arsenic and antimony with Na,S is digested with 10
c.c. of nitric acid until dissolved, filtered, 1 c.c. of sulfuric acid
added and evaporated to strong fumes to expel all nitrie acid.
Dilute to 50 c.c., add sulfurous acid and 10 c.c. of dilute KI solu-
tion, boil off any free iodine, filter if necessary and dilute to 100
c.c. ina graduated flask. According to the depth of color, take 10,
20 or 50 c.c. and transfer to a Nessler tube. Add a few cubic
centimeters of dilute sulfurous acid. Into another tube put as
much KI solution as in the assay tube, add sulfurous acid and
then dilute to within a few cubic centimeters of the same bulk.
Then add standard bismuth solution until the tints are the same.
The color is due to the formation of bismuth iodide.

The standard bismuth solution is made as follows: Dissolve
0.1 gram of bismuth in a few drops of nitric acid, evaporate to
fumes with 2 c.c. of sulfuric acid and dilute to 1 liter. The sul-
furous acid used is made by diluting 10 c.c. of commercial acid
to 1 liter.

One must be careful not to confuse the yellow color of free
iodine with that of bismuth iodide. If the yellow color is
removed by boiling and returns on standing, it is due to free
iodine. Hence, the necessity of having a little sulfurous acid
present to remove the iodine. But a strong solution of sulfurous
acid will liberate iodine in the presence of HsSO,.

There should not be more than 1 mg. of bismuth in the tube or
less than 0.1 mg. No elements interfere.
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Selenium and Tellurium.—If these are wanted, they are pre-
cipitated before the arsenic, antimony and bismuth by passing
SO. through the acid solution. This precipitates out the elemen-
tary selenium and tellurium. Filter them on a small Gooch mat,
wash with water containing a little HCI and SO, dry at 104°C.,
weigh, ignite and weigh again.

Starch Indicator.—Starch prepared as follows is much more
sensitive to iodine than when prepared in the ordinary way.
When this indicator is used, it is more accurate to titrate arsenic
than to weigh it.

Allow the raw wheat starch to stand for 24 hours in very dilute
HCl, filter, wash and dry for three hours in an oven at 100°C.
Boil 1 gram with 100 c.c. of water and filter.

Iodine Solution.—Dissolve 3.386 grams of pure iodine in 7
grams of KI and a little water and dilute to 1 liter. The end
point in the titration is clearer if 3 drops of a 10 per cent solution
of KI are added after the NaHCO; is added.

Lead, Iron, Nickel, Cobalt and Zinc.—Dissolve 50 grams of
the copper in a mixture of 80 c.c. of sulfuric acid, 50 c.c. of nitric
acid and 400 c.c. of water. Dilute to 600 c.c. and precipitate the
copper on a large perforated platinum cylinder, using an 11 X11-
cm. cathode and a current of 3 amp. and preferably a rotating
anode or a solenoid to rotate the solution. When the copper is all
deposited, as shown by a test of a few cubic centimeters on a white
plate with H,S, evaporate the solution to a small volume, then
transfer to a casserole and heat to fumes to remove the free sul-
furic acid and most of the ammonium salts. The residue is dis-
solved in water and any lead sulfate and silica are filtered off.
Hydrogen sulfide is then passed through the acidified filtrate
and the precipitate filtered off and washed with hydrogen sulfide
water. The precipitate is extracted with a little hot dilute
sodium sulfide and the residue combined with the other precipi-
tates containing lead, and the lead determined in them by elec-
trolysis, including the lead originally deposited on the anode as
peroxide.

The main solution (volume about 50 c.c.) is oxidized and the
iron precipitated with NH,OH. Aluminium, of course, also
precipitates.
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The filtrate is acidified with acetic acid and 1 c.c. of strong
acetic acid is added irt excess. Heat to boiling and pass hydrogen
sulfide through. Filter off the ZnS, ignite and weigh as oxide.
Make the filtrate alkaline with NH,OH and precipitate the nickel
and cobalt with H,S, filter and ignite and weigh as oxides.
Nickel and cobalt may be separated with dimethylglyoxime.
(See page 123 et seq.)

DETERMINATION OF GAsES IN COPPER

Pure CO; has no chemical action on red-hot copper. If copper
drillings are heated red hot in a current of pure COs, the occluded gases
are driven out and the loss in weight is the weight of these gases which
were in the sample. If the sample is then heated in a stream of hydro-
gen, the combined oxygen in the copper is driven out in the form of
water, but some hydrogen remains in the copper. This may then be
driven out by igniting again in a stream of CO; and the loss in weight is
oxygen and sulfur. The sulfur driven off is determined by passing the
hydrogen, after it leaves the tube, into cadmium chloride solution and
then titrating with iodine solution.

Process.—Produce CQ; in a generator from pure sodium
bicarbonate, or marble, and HCL. Purify the CO, by passing it
through a train of the following reagents: (A) Saturated KMn-
0, solution. (B) Solution of silver sulfate. (C) Concen-
trated sulfuric acid. (D) A tube of dry chromous chloride. (E)
Stick phosphorus. (F) Calcium chloride. (G) Phosphorus pent-
oxide. Also make pure hydrogen in a Kipp generator and purify
the hydrogen by the following train: (A) KOH solution. (B)
Strong sulfuric acid. (C) Palladiumized asbestos tube heated
red hot. (D) Soda lime. (E) Calcium chloride. (F) Phos-
phorus pentoxide. The exit ends of the CO. train and the
hydrogen train should be connected to a T-tube, to the other
end of which is attached the ignition tube.

Put 50 grams of fine drillings in the ignition tube and weigh
the tube and drillings. Attach the tube to the “T’ and pass
CO, through until all the air is driven out (about 30 minutes).
Then heat the tube red hot for 30 minutes, while a rapid stream
of CO, is passing. Cool the tube, without stopping the CO,, and
when cool displace the CO, with air by aspirating air through.
Weigh. The loss in weight is occluded gases.
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Again connect the ignition tube to the ‘T’ and pass in hydro-
gen for 15 or more minutes, then keep at a red-heat for an hour or
more, depending on the fineness of the drillings. The exit
hydrogen must be passed through an ammoniacal CdCl; solu-
tion. After the hydrogen has been passed through long enough,
shut it off and pass the CO, through the tube until the hydrogen is
all displaced (at least 20 minutes). Cool the tube and, when cool,
displace the CO; with air and weigh. The loss in weight is
oxygen plus sulfur. Titrate the sulfur with iodine as directed on
page 103. Subtract the weight of sulfur from the loss in weight
to get the weight of oxygen in the sample.

Great care must be used to have the surface of the copper
from which the drillings are taken perfectly clean and free from
grease, etc.

The H,O found may be caught in P;O; and weighed. See
determination of oxygen in steel, page 164.
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Sulfur.—The only rapid and exact method which has appeared
in print for the estimation of traces of sulfur in the refined product
is the following, which depends upon the removal of the copper
from its solution in pure nitric acid by electrolysis. The solution,
freed from copper, is gradually transferred to a No. 3 A casserole
and evaporated to dryness over an alcohol flame, with the addi-
tion of a little sodium carbonate to retain the sulfuric acid. The
remaining nitric acid is removed by two evaporations with hydro-
chloric acid. A little HC1 and 25 c.c. of water are added and the
solution filtered. If any lead sulfate is found on the filters, they
are boiled with a little sodium carbonate to render the sulfuric
acid soluble, and filtered. The filtrates are combined and are
then ready for precipitation by barium chloride. A blank analy-
sis must be run with the acids and distilled water, which will
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usually show about 1 mg. of barium sulfate. When the copper
contains much sulfur, it is necessary to use aqua regia for its
solution, and to remove the hydrochloric acid by subsequent
evaporations with nitric acid.

REFERENCE:
Prick and Meap, “Brass Analysis.”



CHAPTER XXV
ANALYSIS OF REFINED LEAD

Process of Analysis.—Clean 100 grams of lead, and hammer or
roll into thin plates, being very careful to use a perfectly clean and
bright hammer and anvil to avoid introducing iron into the sam-
ple. Dissolve the lead in a large beaker on the hot plate in 100
c.c. nitric acid (sp. gr. 1.42) and 250 c.c. water. If the solution
gets too hot, it will foam very much and run over, consequently
it is necessary to watch it until most of the lead is dissolved. For
the same reason, hammering or rolling the lead into very thin
strips is not desirable.

After all the lead is dissolved, the solution is generally perfectly
clear, although if more than 0.02 to 0.03 per cent of antimony or
tin is present it will show some turbidity. Dilute the solution to
nearly 500 c.c. to prevent lead nitrate from crystallizing out on
cooling. If not perfectly clear, filter. Add 30 c.c. concentrated
sulfuric acid previously diluted with water, and shake the flask.
After settling, pour off the clear solution and wash the precipitate
several times by decantation.

Evaporate the solution to fumes of H2804, take up with 50 c.c.
of water and filter off the lead sulfate through the paper contain-
ing antimony and tin. Digest the lead sulfate with pure sodium
sulfide solution, filter and add the other sodium sulfide solution
obtained further on. Treat the filtrate from the lead sulfate,
while hot, with H.S for some time and pass the gas through until
cold. After settling completely, filter, determine the iron and
zinc in the filtrate, and treat the sulfides with Na,S. Determine
antimony and arsenic as described under copper analysis.

The insoluble sulfides of lead, bismuth, copper and silver may
be dissolved in nitric acid, neutralized with sodium carbonate,
and KCN added. Filter off lead and bismuth carbonates, acidify
the filtrate with H,SO4 under the hood, filter off the AgCN and
boil the solution to expel all HCN, after which determine the
copper in the solution as follows:
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Nearly neutralize the solution with NH,OH, keeping the bulk
small, say 50 c.c., add ammonium acetate, and divide into two
equal parts. Add to one-half a fair excess of potassium ferro-
cyanide solution, and filter off the red precipitate immediately,
passing through the paper twice if necessary. Add 1 c.c. acetic
acid to each and the same amount of potassium ferrocyanide to
the unfiltered half, and match the color in the filtcred half by
adding a weak copper sulfate solution of known strength from a
burette, allowing one minute between each addition of copper
sulfate for the color to develop.

The silver cyanide precipitate is not desired, for silver is
determined by cupeling a separate sample of the lead.

To determine bismuth, dissolve the carbonates of lead and
bismuth, in dilute nitric acid and precipitate as BiOCl, by
Ledoux’s method, thus: Nearly ncutralize the nitric acid with
NH.OH, dilute to 300 c.c., complete the neutralization, add
14 c.c. HCI and heat nearly to boiling for an hour. Filter on a
weighed Gooch crucible, wash with hot water, dry at 100°C. and
weigh as BiOCI containing 0.8018 bismuth.

Notes on the Process.—7T'0 be sure of the results, it is necessary to run
a check analysis on the nitric and sulfuric acids, evaporating the same
amount of them ncarly down to dryness, and treating the last of the
sulfuric acid in the same way as the lead sample.

The results of refined lead analysis are apt to depend more upon the
chemist than on the lead, and it is desirable that as many errors as pos-
sible be eliminated in order to get accurate results. One of the sources
of error is in the chemicals used, which are not absolutely pure and
import certain quantities of iron, copper, arsenic and antimony. The
amount of nitric and sulfuric acids used is as great as the lead sample,
so that a check should be run on the acids.

If bismuth alone is wanted, use the following method of Ledoux
as given in Low’s ‘“Technical Methods of Ore Analysis,” page 56.

Dissolve 25 grams of the lead in 200 c.c. of water and 40 c.c. of
nitric of 1.42 sp. gr. Warm gently until all lead is dissolved,
then add 1:2 NH,OH, very cautiously, finally drop by drop
until the free acid is gone and the liquid remains slightly opales-
cent. Now add 1 c.c. of 1:3 HCL. The solution will clear for a
moment, then, if there is an appreciable amount of bismuth
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present, a crystalline precipitate of BIOCl will form. Heat nearly
to boiling for an hour. Filter and wash the precipitate twice with
boiling water. The precipitate will be contaminated with some
lead and antimony. Dissolve it in a small amount of hot 1:3
HC], wash the filter with hot water and dilute the filtrate with
water, taking care that the dilution is not so great as to cause the
precipitation of BiOCl. Pass H.S through to precipitate the
lead, bismuth and antimony as sulfides, filter, wash once with
water, then with warm (NH,).S to dissolve the antimony sulfide,
wash again with water and dissolve the bismuth and lead sul-
fides by placing filter and contents in a small beaker and heating
with 1:4 nitric acid. Boil to disintegrate the paper and then
filter and wash well with warm dilute nitric acid. Nearly neu-
tralize the filtrate with NH,OH, dilute to 300 c.c., complete the
neutralization and add 1 c.c. of 1:3 hydrochloric acid. Keep
hot for an hour, filter on a weighed Gooch crucible and wash
with water, dry at 100°C. and weigh as BiOCI containing 80.18
per cent bismuth.

Bismuth may be determined in copper in the same way. The
following is an analysis of refined lead in percentages:

Cu Sb Bi Ag Fe Zn Ni
0.0004 0.0008 0.002 0.0005 0.0006 0.0008 0.0007

REFERENCES:

Betrts, ‘Lead Refining by Electrolysis.”
Am. Soc. Testing Materials, Standards, 1921.

Notes.—When separating the sulfides of arsenic, antimony and tin
from sulfides of copper, lead, etc., it is necessary to wash all the sulfides
back into the beaker in which they were precipitated. Thesc sulfides
sometimes cling so tenaciously to the paper that in dislodging them more
water than the 25 c.c. specified is required. In this case allow the
sulfides to settle and then decant the clear supernatant liquor through
the filter until the volume is reduced to 25 c.c. Before rejecting the
decanted fluid always test with H.S water.



CHAPTER XXVI
THE ANALYSIS OF BEARING METALS

Bearing metals are alloys selected for bearing linings on account of
their combination of antifrictional properties with sufficient compressive
strength to prevent them from being squeezed out of place under high
compression, and strength to avoid breaking under heavy shock.

They are usually composed of lead, tin, antimony and copper in about
the following proportions: lead 70 per cent, tin 15 per cent, antimony 15
per cent, copper 0 to 6 per cent, when used for railroad trucks; but for
automobile bearings the tin is high and the lead absent, the composition
being about 84 per cent tin, 7 per cent copper and 9 per cent antimony.
Journal brasses are composed of lead about 15 per cent, tin about 10
per cent and copper about 75 per cent.

There are many methods of analyzing alloys of lead, tin, anti-
mony and copper, but the following method has given the writer the best
results with a moderate expenditure of time.

When the alloy is digested with sulfuric acid under proper condition,
the tin, antimony and copper all go in solution and the lead remains as
insoluble lead sulfate. In the filtrate the antimony is found as Sbo-
(SOy4)s, the arsenic as As(SO4); and the tin and copper in their “ic”
states. The arsenic is distilled off and titrated with iodine, antimony
is titrated to the pentavalent state by standard permanganate and the
copper precipitated as sulfocyanate after the antimony is titrated. Tin
is determined in another sample in the filtrate from the lead sulfate,
either with or without a previous titration of the antimony. The
results obtained are excellent and the time and attention required slight.
If copper is not wanted, lead, antimony and tin can be determined
on the same sample.

Process of Analysis.—Place 1 gram of the fine drillings or
shavings in a Kjeldahl flask, add 10 c.c. of sulfuric acid (sp. gr.
1.84) heat the flask over a bare flame and keep the sulfuric acid at
or near boiling until the residue in the flask is pure white. Cool,
add 20 c.c. of water all at once to the sulfuric acid, boil for several
minutes, allow the lead sulfate to settle a few minutes, cool to
about 50°C, and pour the clear liquid through a weighed Gooch
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crucible with an asbestos mat, without allowing the lead sulfate
{o pass out of the flask. Put 10 c.c. more strong sulfuric acid in
the flask and heat at boiling temperature for 15 minutes, cool, add
30 c.c. of water, boil, cool and filter through the same Gooch
as before. Wash all the lead sulfate out of the flask into the
Gooch crucible, wash the crucible and sulfate five times with
small amounts of water, and carefully ignite the crucible. To do
this place the crucible inside a large one and heat the outside one
to a dull red for 10 minutes, or, better, heat in a dull red-hot
muffle. Cool and weigh. The weight of the lead sulfate mul-
tiplied by 0.683 gives the weight of the lead.

If arsenic is present, proceed as directed on page 197; if not,
proceed as directed below.

Antimony.—To the filtrate, which should be less than 150 c.c.
in volume, add 5 c.c. of HCI, cool to 15°C. and titrate with stand-
ard permanganate solution. Run in the permanganate until the
pink color persists 30 seconds. The KMnO, should be stand-
ardized against pure antimony treated in the same way. The
iron value of the permanganate multiplied by 1.076 theoretically
equals the antimony present. That is, a permanganate solution,
1 c.c. of which equals 0.010 gram of iron, equals 0.01076 gram,
theoretically, of antimony. The end point is sharp and the
results exact.

Copper.—Now add 3 grams of tartaric acid to the solution and
then NHOH until the soluticn is slightly alkaline, then add 2
c.c. of sulfuric acid and heat almost to boiling. Add 2 grams of
Na:S0O; and when all is dissolved add a gram of KCNS dissolved
in 10 c.c. of water. Shake the flask well and allow the precipi-
tate to settle for 15 minutes while the solution is kept hot.
Filter through an asbestos mat, wash well with water and then
pour through the filter 40 c.c. of 10 per cent NaOH, catching the
solution in a clean beaker or flask. Wash the filter well with
water and titrate the sulfocyanate as directed on page 241, for
the analysis of copper ores, or, better, dry the CuCNS to con-
stant weight at 105°C., and weigh.

Tin.—At the same time that the above analyses are being
made, carry through another sample up to or through the titra-
tion for antimony, thus getting checks on the lead and antimony
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results. Then add to the solution one-third its volume of strong
HC, transfer the solution to a 500-c.c. flask and stopper the flask
with a three-hole stopper. Through one hole pass a glass
tube which extends to the bottom of the flask. Through another
pass an iron rod, the end in the flask being bent into a coil.
Add to the solution 5 c.c. of sulfuric acid containing 0.15 gram
of antimony unless the sample contains a sufficient amount
already. Heat to boiling and pass a stream of CO, or natural
gas, freed from H.S by NaOll, through the solution by means of
the glass tube. Continue the boiling (and current of gas) for
20 minutes after the solution becomes colorless. Cool the solu-
tion under a jet of water without stopping the current of gas,
which should pass through rapidly while the flask is cooling to
prevent the air from being drawn in.  When cool, run in through
the vacant hole 100 c.c. of distilled water, 3 c.c. of starch solu-
tion, draw up the iron rod, and titrate the tin with a N /10 solu-
tion of iodine. The blue end point fades after about a minute.

MobirICATION WHEN ARSENIC Is PRESENT

If the metal contains arscnie, the above process must be modified
because arsenic interferes with the determination of antimony.

Process of Analysis.—Iivaporate the filtrate from the lead
sulfate until fumes of sulfuric acid appear, cool, add 15 c.c. of
water, 35 c.c. of HCI (sp. gr. 1.20) and insert in the flask a clean
rubber stopper, carrying a centigrade thermometer and a deliv-
ery tube. The thermometer should be about 1 in. from the sur-
face of the liquid, so as to get the vapor temperature only, which
should not go above 108°C. Connect the delivery tube to a
figure-S condenser, which has one of its curves nearly filled with
water and submerged in cold water in a 500-c.c. beaker, and its
other free end dipping into about 75 c.c. of 1:1 HCI in a 300-c.c.
flask, through which a slow stream of H,S is passing.

The S-condenser is about 18 in. long and 14 in.inside diameter,
but tapers to about 14 in. at the upper and ¢ in. at the lower end
to facilitate washing and to make the bubbles of gas small as they
emerge into the beaker. This makes a perfect condensing
apparatus in this case; it is very simple, easy to handle, has only
one rubber connection besides the rubber stopper, and no cocks
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or corks that leak. Nothing is lost through it except air from the
flask at the very start.

Distill from 10 to 15 minutes, boiling gently, and keeping the
vapor temperature at 107° for at least five minutes. The arsenic,
as AsCl;, is all distilled over, even if the alloy contains 5 per cent,
which is rare. '

Arsenic.—The AsCl; obtained above is impure from antimony.
If necessary, add more HCI to make a solution of 1.10 sp. gr.,
warm somewhat and pass H,S through the solution until all the
As,S; is precipitated. Filter through a small amount of macer-
ated filter paper compressed into the tip of the funnel, wash several
times with 1:1 HCI], then with water, dissolve in the smallest
possible amount of (NH,).S, catching the filtrate in a Kjeldahl
flask. Add 1 gram of potassium sulfate and 5 c.c. of strong
H,S0,4 and heat until the H,SO4 has fumed strongly for several
minutes, cool, add a few crystals of tartaric acid and fume until
colorless. Cool, dilute, neutralize and titrate as directed on
page 223.

Antimony.—Cool the solution left in the flask, add about 150
c.c. of cold water and the filtrate from the As.S, from which all
H,S has been expelled by boiling, and titrate with standard
permanganate solution. The blank is 0.1 c.c. About 4 c.c. of
hydrochloric acid should be present during this titration; usually
enough is left in the flask from the distillation. The solution
must be cold when titrated.

Tin.—Determine the tin as directed above.

Notes on the Process.—Arsenic consumes close to 1.5 times as much
permanganate solution as antimony does. Hence, if the arsenic is not
removed before the antimony determination, the results will be worth-
less. Most all alloys which contain antimony contain arsenic. The
arsenic should be removed before the tin determination, since it often
causes high results in this case too.

Copper has no effect whatever on the antimony determination, but
when it exceeds about 3 per cent it is apt to interfere with the tin deter-
mination. The amount of iron found in alloys is usually entirely oxi-
dized in the concentrated sulfuric acid to the ferric state, so that it does
not interfere. There are no other common metals that interfere.

About the only causes of error in this method are too great a variation
from the conditions stated and the use of impure chemicals.
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For the reactions and remarks for the copper titration, see page 241.
For those for the tin titration, see page 216. For the arsenic titration,
see page 223.

When the alloy containing antimony is dissolved in strong hot sulfuric
acid, the antimony goes into solution as Sba(SO,);. This is titrated
by the permanganate, thus:

5Sb2(SO4)3 + 4KMD04 + 24H20=
10H38b04 + 2KQSO4 + 4MIISO4 + 9HQSOA

When the antimony is being titrated without HCI the solution
will become pink long before the end point is reached; in fact,
the pink appears soon after the titration is started. The per-
manganate must be added until the solution becomes a deep
permanganate color and the excess is then titrated with ferrous
sulfate. If the solution contains 20 per cent HCI, the pink color
does not appear before the end point is reached, but the end color
is evanescent. About 5 c.c. in 150 c.c. is correct.

REFERENCES:

DEeMoREesT, J. Ind. Eng. Chem., b, 842.
Stier, J. Ind. Eng. Chem., T, 211.

RerERENCES ON OTHER METHODS:

Low, “Technical Methods of Ore Analysis,” p. 333

Price and Meabp, “Technical Methods of Brass Analysis,” pp. 157,
164.

McCay, J. Am. Chem. Soc., 31, 373 (separation of Sn and Sb).

Dinam, Mon. Sct., 22, 600.

KIETREIBER, Oesterr. Chem. Zig., 13, 146.

Gooopwin, J. Ind. Eng. Chem., 3, 34.

KOPENHAGUE, Ann. chim. Anal., 17, 241.

McCay, J. Am. Chem. Soc., 32, 1241,

Am. Soc., Testing Materials, Standards, 1921.



CHAPTER XXVII
BRONZE AND BRASS ANALYSIS

Brass is essentially an alloy of copper and zinc and bronze an alloy of
copper and tin, but brass may have small amounts of lead, tin and other
elements, and bronze may have small amounts of lead, zinc and other
elements.

Analysis of Brass.—Dissolve 1 gram of the drillngs with a
mixture of 5 c.c. of water and 10 c.c. of nitric acid. Cover
with a glass and heat nearly to boiling and, when the solution is
complete, cvaporate to dryness, but do not bake the residue.
Moisten the residue with 5 c.c. of strong HNO; and digest for
10 minutes. Add 50 c.c. of hot water and digest for one hour,
if there is any residue. Filter through a paper on which has
been sucked macerated filter paper by means of a suction filter
arrangement. Wash well and, if accurate results are not desired,
ignite the precipitate in a porcelain crucible and weigh as SnQ,
containing 78.8 per cent tin. Since the SnO,is contaminated with
all the phosphorus in the sample and with iron and more or less
copper and lead, if present, it must be purified if accurate results
are required. To do this, peel the mat of macerated paper and
the precipitate of metastannic acid off of the filter paper, put it
in the beaker in which the sample was dissolved and add 10 c.c.
of NH,HS made by saturating ammonia with H,S. Heat until
all the precipitate is dissolved except the small amount of sulfides
of copper and lead, etc. Tilter through the same paper as before
and wash well with dilute NH,HS water. Dissolve the sulfides
on the paper in a small amount of 1:1 HNO; and bromine water,
boil off the bromine and add the solution to the main solution
of the copper. Keep the ammonium sulfide solution of tin for
the determination of tin.

Copper and Lead.—Add water sufficient to bring the volume
to 150 c.c.,add 15 c.c. of HNOj; and electrolyze, using gauze anode
and cathode. Use a current of about 0.5 amp. only until the
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lead is precipitated as PbO, on the anode, then increase the
current strength to 2 to 4 amp. and continue electrolysis after a
sufficient amount of ammonia has been added to leave only 5
per cent of HNO; present; finish the electrolysis as directed on
page 236.

If the brass contains manganese, the PbO; will be contaminated
with it. Dissolve the PbO; in 1:3 HNOs;, with the addition of
a few crystals of KNO,, and determine the manganese by the
bismuthate process. Calculate the manganese to MnO; and
subtract from the weight of the impure PbOs,.

Zinc and Iron.—After the lead and copper are deposited by
the electrolysis method as above directed, add 10 c.c. of HNO;,
then neutralize with ammonia and add a slight excess. Boil,
filter off the Fe(OH); and wash twice, redissolve in 10 c.c. of 1:1
HNO; and again precipitate and filter and wash the Fe(OH);
thoroughly. Determine the iron as directed on page 380.

Nickel and Zinc.—The filtrate contains the zinec, nickel and
part of the manganese in the original sample. Divide into two
equal parts and in one determine the nickel by the dimethyl-
glyoxime method as directed on page 123. Add HNO; to the
other half until slightly acid, then add 3 c.c. more and titrate with
ferrocyanide solution as directed on page 204. The filtrate from
the dimethylglyoxime precipitate may also be used for determina-
tion of zine. The zinc may also be precipitated as phosphate as
directed on page 207.

Tin.—The solution of tin in ammonium polysulfide obtained
above contains all the tin. Ieat to boiling until a precipitate
starts to form, add 10 c.c. of HNO; and evaporate to dryness.
Add dilute HNO3, heat to boiling, filter and wash the metastannic
acid. Ignite very slowly and, finally, strongly, cool and weigh as
Sn0O,. Multiply by 0.7881 for the weight of the tin.

Instead of determining the tin gravimetrically, add 50 c.c.
of 1:2 HCl and determine as directed on page 197.

Notes.—The method as above given can be greatly shortened for the
analysis of brasses practically free from tin.

Metastannic acid when precipitated from HNOj; solution is practically
complete unless large amounts of iron are present, if the HNO; solution
is not allowed to become cold before the precipitate is filtered. If it
cools, some metastannic acid goes back into solution.
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Manganese may be accurately determined by the chlorate method as
given on page 76.
REFERENCES:

HearH, “Analysis of Copper.”’

IsBOTSON and ArrcHisoN, ‘‘The Analysis of Non-ferrous Alloys.”
Price and MEabg, “Technical Analysis of Brass.”

HaLi and WinLiams, “The Examination of Iron, Steel and Brass.”
Am. Soc. Testing Materials, Standards.

The Analysis of German Silver.—This is an alloy of copper,
nickel and zine, with small amounts of other metals.

Procedure.—Dissolve 14 gram of the drillings in nitric acid,
evaporate just to dryness, add 100 c.c. of 1:20 HNO;, digest and
filter off any metastannic acid, wash, ignite and weigh. Elec-
trolyze the filtrate to determine the copper and lead. Then add
ammonia until barely alkaline, heat to boiling and filter off the
ferric hydroxide, wash, ignite and weigh. Add 5 c.c. of HsSOy,
evaporate to fumes, cool and dilute to 150 c.c., add ammonia
until barely alkaline and precipitate with dimethylglyoxime,
using four times as much glyoxime by weight as the weight of the
nickel. Heat near to boiling for half an hour, filter the nickel
dimethylglyoxime and wash at least 15 times. Dry at 105°C.
and weigh (see page 123). In the filtrate determine the zinc by
precipitating as zinc ammonium phosphate, as directed on page
207. In high nickel alloys, as monel metal and nichrome, the
above process is not satisfactory, owing to the extremely large
precipitate of nickel dimethylglyoxime. In these alloys it is best
to precipitate the nickel as sulfide from an alkaline solution, wash
and ignite, dissolve the nickel oxide in HNO;, evaporate with
H,80, and weigh as NiSO,.



CHAPTER XXVIII
THE DETERMINATION OF ZINC IN ORES

Zinc usually occurs in ores as sulfide, oxide, carbonate or hydrosilicate.
All of these minerals are decomposed by boiling in the proper mineral
acids. Ores containing zinc spinel (gahnite) cannot be decomposed by
acids and must be fused before treatment with acids. Oxidized ores
should be first treated with HCl before nitric acid is used.

Solutions of zine in hydrochloric acid are completely precipitated by
potassium ferrocyanide. Many other metals are also precipitated by
this reagent, including iron, copper, manganese and cadmium, and if
these are present in the ore, they must be removed before the zinc is
titrated.

The hydrochloric acid solution of zine which is to be titrated must not
contain free chlorine, bromine or oxides of chlorine, as these decompose
the ferrocyanide and produce a green-colored precipitate, making results
run high. Zinc ferrocyanide is white. The following method is the
process of von Schulz and Low modified.

Process of Analysis.—Place 1 gram of the ore in a 250-c.c.
casserole, add 5 c.c. of HCI and 10 c.c. of HNO; and evaporate
nearly to dryness, then cautiously add 25 c.c. of HNO3, previously
saturated with KClO; by shaking up with crystals of the salt.
(Keep this solution in an open bottle.) When the violent action
is over, cover the casserole and boil rapidly to dryness. Do
not bake the residue. Now cool and add 7 grams of NH,C],
25 c.c. of hot water and 15 c.c. of strong NH,OH. Boil the liquid
one minute, add bromine water and then rub the dish with a
rubber-tipped rod to loosen and disintegrate all the insoluble
matter. Filter and wash several times with a boiling-hot 1 per
cent solution of NHCl. If the filtrate is blue, copper is present.

If the residue is large in amount, dissolve it in 10 c.c. of 1:1
HC], add ammonia until alkaline and 2 grams of ammonium per-
sulfate and some bromine water to precipitate manganese, heat to
boiling, filter and add the filtrate to the previous one. Wash
with a hot 1 per cent NH,Cl solution.

203
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Make the filtrate, which should amount to about 200 c.c. acid
with HCI, keeping the cover on to prevent loss due to efferves-
cence. Then add 20 c.c. more of HCI (sp. gr. 1.2) heat to 70°,
pass H,S through the solution for several minutes and when the
copper is practically all precipitated, gradually and with stirring,
add 10 c.c. of NH,OH (sp. gr. 0.9) and continue to pass the H,S
for several minutes. Again heat to 70°C. and titrate with ferro-
cyanide. The volume at the beginning of the titration should
be about 250 c.c. Of this 50 c.c. may be reserved until the other
four-fifths is titrated, then the 50 c.c. is added and, knowing the
approximate end point, the titration can be finished without con-
suming much time. The titration must be performed slowly and
with constant stirring to get the best results. Electrometric
titration makes an indicator unnecessary. See page 255.

Standardization of the Ferrocyanide.—Dissolve 22 grams of
pure K,;Fe(CN)g3H,0 in water and dilute to 1 liter. One cubic
centimeter of this solution will precipitate approximately 0.005
gram of zine.

Weigh 0.2 gram of pure zinc, or, better, the amount of zine
which is approximately that which the sample is supposed to
contain. Dissolve in 10 c.c. of HCl and 20 c.c. of H,O, add 10
grams of NH,C], dilute to 250 c.c.,heat to 70°C. and titrate. Run
in the ferrocyanide slowly and with constant stirring until a drop
of the solution shows a brown tinge when tested on a white plate
with a drop of a 5 per cent solution of uranyl nitrate after stand-
ing a minute.

A blank must be run, using the same amount of reagents and
solution as in the standardization. This generally takes about
0.3 c.c. of the above solution and this amount must be subtracted
from the amount of ferrocyanide used in the standardization and
in the titration of the ore. It is necessary that standardization
be made under the same conditions of temperature, volume and
acidity as obtain when the ore is titrated.

Notes on the Process.—Manganese is precipitated at the first from
the acid solution as MnO, by means of potassium chlorate, because when
it is precipitated from an alkaline solution as MnQ; it carries down zinc
as zinc manganite.

When the copper is precipitated according to the above directions,
that is, by hydrogen sulfide from a very acid solution, the copper comes
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down free from zine. What little copper remains in solution is precipi-
tated as the solution is gradually made less acid. The copper sulfide
need not be filtered off, as it does not interfere with the titration, even
when the copper is present in amounts as high as 20 per cent of the
sample, for it precipitates in a very dense form.

The potassium chlorate used in the decomposition of the ore intro-
duces no complications unless used in abnormally large amounts, for it
is reduced by the action of the hydrogen sulfide and the presence of
the hydrogen sulfide during titration prevents any oxidation of the
ferrocyanide.

The use of lead or aluminium to precipitate the copper and cadmium is
inadvisable, as they tend to make results erratic. Lead isleast harmful.

The titration for standardization should be made under the same
conditions as to temperature, acidity, volume, amount of ammonium
salt and rate of titration as obtains when the oreis titrated. The amount
of free acid should not be greater than about 5 per cent of HCI
(sp. gr. 1.2).

It is absolutely necessary that the titration should not be made too
rapidly. If the ferrocyanide be run in rapidly and without much stir-
ring, the end point will seem to be reached long before the zine is all pre-
cipitated. If, however, the solution be then allowed to stand for several
minutes while being vigorously stirred, the titration may be finished
without error. Probably, when the ferrocyanide is added rapidly zine
potassium ferrocyanide is precipitated, which can react with uranyl
nitrate, giving a brown color.

If zinc spinel is in the ore, the method must be modified as follows:
The ore is dissolved as above. The gangue left on the filter paper should
be ignited and fused with sodium carbonate mixed with a little borax
glass, until decomposition is complete. The melt is dissolved in HC1
and added to the main solution, and the analysis carried on as usual.

None of the constituents of zinc ores except cadmium interferes with
the above process. Nickel, if present, would count as zine. The
writer has tested the method on the Government standard ore, which
contains 31.4 per cent zinc. He put in 10 per cent each of manganese,
iron, copper and lead without causing more than {4 to 2{, per cent
error.

REFERENCES:

Low, “Technical Methods of Ore Analysis.”
Demorest, J. Am. Chem. Soc., b, 302.
J. Am. Chem. Soc., 4, 468 (complete bibliography).

Sulfide Separation of Zinc.—The cxact determination of zine by the
following process is considerably longer than the method of T.ow but



206 METALLURGICAL ANALYSIS

yields very dependable results. It depends upon the precipitation of
zine with H,S in a solution less than N/10 acid with HySO4. It has been
shown by Weiss that the precipitation of ZnS from this dilute HsSO,
solution is quite complete, but it is not complete from HCI solutions of
similar strength. Weiss has also shown that a rapid stream of H,S
must be used, a slow current causing incomplete precipitation. The
method as here written is largely as given by Scott.

Process of Analysis.—Weigh an amount of the finely ground
ore sufficient to contain approximately 0.40 gramsof zine. Trans-
fer to a 200-c.c. beaker, add 10 c.c. of water and 15 c.c. of HCI
(sp. gr. 1.20). Cover with watch-glass, heat and after a few
minutes add 5 c.c. of HNO;. Heat until the solution of all
sulfides is complete, adding more HNO,; if necessary. Add
10 c.c. of 1:1 H,80,, break up any cake which may have been
formed on the bottom of the beaker with a stirring rod and evap-
orate until copious fumes of SO; appear. Cool, dilute to 50 c.c.
and add 1 gram of granulated aluminum, cover with a watch-
glass and heat for about 15 minutes. This will reduce all the
H,S metals (Cd only partially) and all the iron to ferrous iron.
Filter off the silica and precipitated metals and wash with hot
water. Add 5 c.c. of 1:1 H,SO,, dilute to 100 c.c. and pass a
rapid stream of H.S through the cold solution for 15 minutes.
Drop in 1:4 ammonia carefully until yvellow CdS precipitates.
Heat the solution to 80°C. and continue to pass H.S for a few
minutes. Filter through a filter paper with a mat of macerated
filter paper sucked tightly on it. Wash the precipitate with
cold 8 per cent H,SO4 several times, then with hot water until
all zinc is removed.

Heat the filtrate to boiling to remove all H,S, cool, add dilute
KOH solution until nearly neutral, then dilute K,CO; until
methyl orange becomes neutral but not alkaline. Dilute to
200 c.c. and add 4 c.c. of 5 per cent H,SO,. Cool to tap-water
temperature, and pass a rapid stream of H,S through the solu-
tion for three-quarters of an hour. Allow the precipitate to
settle 10 or 15 minutes, filter and wash with cold water. A hcle
is punched in the filter paper and the sulfide washed back into
the beaker in which it was precipitated. The filter paper and
glass tube are then washed with 10 c.c. of HCI in hot water,
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catching the washings in the same beaker. Boil off the hydrogen
sulfide, add 13 c.c. of ammonia (sp. gr. 0.9), neutralize with HC],
add 3 c.c. excess and dilute to 200 c.c. Heat to boiling and
titrate as under ‘“Standardization.” When Cd is absent or
present in quantities less than 0.05, the procedure is, of course,
shortened considerably. The eclectrometric titration makes
unnecessary the use of an indicator (see page 255).

If the end point should be passed, add a measured amount of
standard N/10 ZnCl, solution and finish the titration, making
proper correction.

Standardization of Ferrocyanide.—Weigh 0.4000 gram of
purest zine, put in an IEhrlenmeyer flask and dissolve in 10 c.c.
of HCI (sp. gr. 1.2). When dissolved, add 50 c.c. of water and
13 c.c. of ammonia ( sp. gr. 0.9) and then HCI until acid and 3
c.c. in excess. Add 0.0004 gram of ferrous iron (1 drop of N/10
ferrous sulfate), dilute to 200 c.c. heat to boiling and titrate with
ferrocyanide made as directed on page 204, or as follows.

Reserve one-fourth of the solution. Add the ferocyanide to
the hot solution slowly and with stirring until the bluish color
changes to a creamy white. Pour in all but 10 c.c. of the reserve
solution and titratc as before and add 14 c.c. excess. Wash all
the remainder of the zinc solution into the flask and finish the
titration drop by drop until the blue color fades sharply to a
green. Duplicate standardizations must, of course, be made.
It is necessary to add the slight excess of ferrocyanide near the
end to be sure of a precipitate of normal composition.

REFERENCES:

StoNE and WARING, J. Am. Chem. Soc., 29, 262.
Scorr, “Standard Methods of Chemical Analysis.”

To determine the zinc as pyrophosphate, filter the solution of
the ZnS in hydrochloric acid and make the filtrate cold, dilute
and slightly acid. Then add a large excess of ammonium
sodium hydrogen phosphate and neutralize very carefully with
NH.OH, adding it drop by drop, finally adding a drop or two
in excess. Finally, add about 1 c.c. of acetic acid and warm
gently until the flocculent precipitate of ZnNH,PO.H,O has



208 METALLURGICAL ANALYSIS

settled as a dense crystalline powder. Filter and wash with hot
water.

Dry the precipitate, separate the paper from it and burn the
paper. Add the ash to the precipitate and ignite the two, gently
at first, then for a few minutes at a bright red-heat. Cool and
weigh as Zn,P,0;, containing 42.89 per cent of zinc.

Notes on the Process.—-The flocculent ZnNH,PO,.H,0 is very soluble
in the mineral acids as well as in ammonia, but after crystallization it is
much less soluble in the latter. It is only slightly soluble in acetic acid;
an excess of 1 ¢.c. in 100 c.c. of solution does not dissolve an appreciable
amount. It is somewhat soluble in all ammonium salts unless con-
siderable excess of phosphate is present.

Instead of weighing the zine as pyrophosphate, the zine sulfide may be
dissolved in H,S04 evaporated and weighed as zine sulfate as directed for
manganese on page 8. This is quite accurate.



CHAPTER XXIX
THE DETERMINATION OF LEAD IN ORES

Lead ocecurs in ores chiefly as the minerals galena (PbS), cerrusite
(PbCO;) and anglesite (PbSO,). It also occurs as molybdate, phos-
phate and arsenate.

Lead ores are completely soluble in acids, hence require no fusion.

Lead is determined satisfactorily either by gravimetric or volumetrie
methods. The gravimetric methods depend upon the precipitation of
lead as lead sulfate or electrolytically as PbO,. Volumetric methods
depend upon the precipitation of lead as lead molybdate or lead
chromate.

Tue ELeEcTROLYTIC DETERMINATION OF LEAD

Lead is precipitated on the anode from a nitric acid solution as PbO..
The precipitation is rapid, owing to the high atomic weight of lead and
the small solution tension of PbQO; in nitric acid. The precipitated
PbO; does not adhere well to a smooth, flat electrode, but adheres well
to a gauze electrode, so well, in fact, that it cannot be rubbed off with the
finger.

If bismuth or antimony are present, they will partially deposit with
the lead, and manganese will also deposit as MnQO, with the lead unless
the solution is very acid. The presence of arsenic, selenium or tellurium
will prevent the precipitation of the PbO, partially or wholly. If any
of these are present they must be removed by chemical means, which is
easily done. Phosphoric acid, if present, will prevent the precipitation
of lead.

Process of Analysis for Ores Free from Arsenic, Antimony or
Bismuth.—Weigh an amount of sample containing not more than
0.5 gram of lead. Put it in a 250-c.c. beaker, add 10 c.c. of strong
HCI and heat to boiling for several minutes. Then, when most
of the sulphur is driven off as H,S, add 15 c.c. of HNOj and con-
tinue the heating until the ore is all decomposed and finally boil
vigorously to expel all chlorine. There must be no chlorine pres-
ent during the electrolysis. Add 20 c.c. of water and then

209
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NH,OH until there is considerable excess and heat until any
lead sulfate is dissolved. Then add HNOj; until there is 15 c.c.
excess present, dilute to 100 c.c. and electrolyze, using a gauze
anode. With a cylindrical gauze anode 34 in. in diameter and
214 in. high a current of 3 amp. and a potential of about 3
volts will cause complete deposition in 15 minutes to a half hour.
It is best to electrolyze in a hot solution.

Break the current and set the anode in a beaker of pure water,
then remove and dry at a temperature of 230° in an oven. Cool
and weigh. Multiply the PbO; by 0.8640 to get the weight of the
lead.

To remove the PbO,, set the electrode in a beaker containing
warm 1:3 HNO; and add a few cubic centimeters of aleohol or
formic acid. The PbO; is reduced to PbO, which is soluble in
nitric acid.

If the ore is soluble in nitric acid, the HCI may be dispensed
with and the sample treated directly with the nitric acid. This
will cause the formation of considerable lead sulfate, which will
dissolve when the solution is made alkaline and heated.

Method of Ores Containing Antimony or Bismuth.—Dissolve
the ore as above directed and then add 50 c.c. of 10 per cent
H,SO, which has been saturated with lead sulfate by adding a
few drops of lead acetate, shaking well and allowing to stand
until lead sulfate settles clear. Evaporate to very copious fumes
of H,SO4. Cool and add 30 c.c. of water containing 3 grams of
tartaric acid to keep the antimony in solution. Heat to boiling
to dissolve all soluble salts, cool, filter and wash three times with
cold water. Wash the lead sulfate back into the beaker with a
small amount of water and pour through the filter into the beaker
hot ammonium nitrate solution, made by adding to 30 c.c. of 1:1
nitric acid 10 c.c. NH,OH. This will dissolve any lead sulfate
left on the paper. Digest the solution in the beaker until the
lead sulfate is all dissolved, then add nitric acid until there is
15 c.c. excess present, heat and electrolyze as above.

To test the purity of the deposit the following method is good:
Place the anode in a beaker containing 40 c.c. of 1:3 nitric acid,
add a few cubic centimeters of formic acid and heat until all
PbO, is dissolved. Wash the anode, catching the washings in the
beaker, add 5 c.c. of sulfuric acid and evaporate to copious fumes.
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Cool, add 30 c.c. of water and heat to boiling several minutes to
change any lead bisulfate to sulfate. Cool, add 5 c.c. of alcohol,
allow to settle and filter in a weighed Gooch crucible and wash
several times with 10 per cent alcohol. Ignite for five minutes at
a barely visible red over a Bunsen burner. Weigh and multiply
the weight of lead sulfate by 0.6830. Ores may also be analyzed
in this way if the analyst prefers to weigh lead sulfate instead of
PbO,. That is, the ore is dissolved as in the method for ores free
from bismuth and electrolyzed. Then the PbO, (with oxides of
bismuth and antimony and manganese, possibly) is dissolved with
nitric and formiec acids and evaporated to copious fumes. Then
30 c.c. of water are added and boiled, cooled, filtered and the
lead sulfate washed with 10 per cent alcohol. The Gooch crucible
and the precipitate are heated for five minutes over a Bunsen
burner, cooled and weighed. No elements interfere and very
good results are obtained.

Permanganate Method.—The PbQ, obtained by electrolysis
may be impure from the presence of arsenic, antimony or man-
ganese. The error due to the presence of arsenic and antimony,
which may have precipitated because of using the direct method of
electrolysis without previous removal of arsenic and antimony,
may be corrected as follows: Put the anode with the deposited
PbO, in a tall beaker, cover with water and add 5 c.c. of HNO;
free from nitrous acid, add standard H,O. solution until the PbQ,
is completely dissolved. Now titrate the excess H,O; promptly
with standard permanganate. Add the same amount of H,O,
solution as used and titrate again with permanganate. The
difference between the amounts of permanganate used in the two
titrations gives the permanganate equivalent to PbO,.

The H,0, solution is made by dissolving 20 c.c. of U.S.P.
H,0. in a liter of water and adding 50 c.c. of HNO;. The
reactions are:

Pb02 + HzOz + 2HN03 =Pb(N03)z + 2H20 + Oz.
5H202 + 2KM1'104 + 6HN03=
2KNO; + 2Mn(NOs3): + 8H.0 + 50..

5Pb

Hence 2KMnO,=5Pb = 10Fe and, theoretically, 10Fe

but actually the ratio is found to be 1.92,

= 1.851,
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For the determination of lead by the molybdate method of
Alexander, see Low, ‘“Technical Methods of Ore Analysis.”
This method is less reliable, and no more rapid, than the dichro-
mate method, and so is not given here.

For the permanganate method for lead, see BOLLENBACH,
Chem. Ztg., 33, 1142.

THE VoLUMETRIC CHROMATE METHOD FOR LEAD

The following method is the one devised by Guess and modified by
Low and Waddell. Low says, “I find it more generally satisfactory
than any other.”

It depends upon the precipitation of lead chromate from an acetic
acid solution which is then dissolved in hydrochloric acid, potassium
iodide added and the liberated iodine titrated with standard thiosulfate
solution. ’

Solutions Required. Extraction Solution.—Make a cold satu-
rated solution of sodium acetate and filter it. Dilute it with two
volumes of water and add 30 c.c. of 80 per cent acetic acid per
litre.

Hydrochloric Acid Mixture.—Make a cold saturated solution
of NaCl and filter it. To 1 liter of the salt solution add 250 c.c.
of water and 100 c.c. of hydrochloric acid (sp. gr. 1.2).

Potassium Dichromate.—Make a cold saturated solution of the
commercial salt and filter it.

Starch Solution.—Make as directed on page 97.

Process of Analysis.—Weigh 0.5 gram of the ore and put it
into a 150-c.c. flask. Add 10c.c. of strong HCI and heat until no
more H,S comes off. Add 5 c.c. of nitric acid and boil until the
ore is completely decomposed. Now add 10 c.c. of 1:1 sulfuric
acid and boil until copious white fumes come off. Cool, add 50
c.c. of water and heat to boiling until all the soluble salts are dis-
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solved, cool and add 5 c.c. of ethyl alcohol, allow to settle, then
filter through a 9-cm. filter and wash with cold 10 per cent
sulfuric acid solution five times and then twice with water.

Have the extraction solution nearly boiling, and with a fine jet
wash the lead sulfate back into the flask, then wash the filter
thoroughly with the hot solution until alllead sulfate remaining on
it is dissolved, catching the washings in the flask containing the
rest of the lead sulfate, and taking care to wash under the folds of
the filter paper. Heat the filtrate to boiling and add more of the
acetate solution if necessary to dissolve all of the lead sulfate.
Finally, dilute to 150 c.c., heat to boiling, add 10 c.c. of the
dichromate solution and boil for seven minutes. It is necessary
to boil about this length of time to insure always the same con-
stitution of the lead chromate. Now filter through a large filter
paper and wash the flask and precipitate 10 times, with a hot
solution of sodium acetate made by diluting 50 c.c. of a cold
saturated solution to 1 liter. Place the clean flask under the
funnel, and with a jet of the cold HCl mixture dissolve the pre-
cipitate on the filter. Continue the washing and stirring up of
the precipitate with the HC1 mixture until all the residue and all
color are removed from the filter. Use at least 50 c.c. of the
mixture.

Now add 4 c.c. of a 25 per cent solution of KI and titrate at
once with standard sodium thiosulfate solution. Continue add-
ing the thiosulfate until the brown color of the liberated iodine
becomes faint; then add enough starch solution to produce astrong
blue color and continue the titration until the solution becomes a
pale green with no tinge of blue. The end point is very sharp.

Standardize the thiosulfate solution on pure lead. The reac-
tions in the determination are:

2Pb(C2H.;02)2 + I(gCI‘gO-; + HgO =
2PbCI’04 + 2KC2H302 + 2H02H302.
2H.CrO4 4+ 6KI + 12HCl=6KCl + 2CrCl; + 8H,O + 61I.
2N8.28203 + 2] =2Nal + NaQS4O.;.

Therefore, 1Pb equals 1H,CrO,, which liberates 3I, which
equals 1Na,8,0;. That is, to titrate the iodine liberated by the
H.CrO. from 1Pb requires 3Na,3,0;5H:0. Then to make a
solution of thiosulfate, 1 c.c. of which will equal 0.005 gram of
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lead, will require, for 1 liter, the amount of thiosulfate indicated
by the following proportion: Pb:3NasS,03;:5H,0::2:5, or 17.985
grams per liter. The thiosulfate solution used for the copper
determination will do. To standardize, dissolve about 0.2 gram
of pure lead in 15 c.c. of 1:2 nitric acid, add 5 c.c. of sulfuric
acid and evaporate to strong H,SO, fumes and treat as above
directed for an ore.

Notes on the Process.—As a fungus growth forms in the acetate wash,
only enough to last a day should be made, unless it is heated frequently.

If the end point be passed in titrating, a few drops of astandard
dichromate solution may be added and the titration finished. The iron
value of the dichromate multiplied by 1.2363 gives the lead value.

The constitution of the lead chromate depends upon the temperature,
acidity and concentration of the solution and the precipitation of the
lead from the ore must be made exactly as it is made in the stand-
ardization of the thiosulfate.

Bismuth in small amount does not interfere, but if there is much in the
sample, some may remain as sulfate with the lead. Insuch a case, just
before filtering off the lead chromate, add 2 grams of citric acid dissolved
in a little hot water. This will dissolve any bismuth chromate present.

If the ore contains barium, it is difficult to extract all the lead sulfate
with the acetate mixture. In such a case, after the acetate has been
used, drop the filter in a flask, add 10 c.c. of strong HCI and boil almost
to dryness, add 25 c.c. of the acetate solution, boil vigorously and filter
and wash; the combined filtrates are then treated as usual.

Wilders’ Modification.—Treat 0.50 gram of ore as is usual for
lead ores up to the point where the washed sulfate is obtained on
the filter paper. Remove the paper from the funnel and fold
lengthwise in such a manner that it can be introduced into a 200-
c.c. graduated flask. Place a few grams of sodium acetate and
1 c.c. of acetic acid in the flask and add about 50 c.c. of water.
Then place the flask on the hot plate until the lead sulfate is all in
solution. This may be hastened by shaking to break up the
filter paper.

Now run in an excess of standard dichromate solution from a
burette, under the conditions given above and, after mixing by
shaking, make the contents up to the mark by adding water.
Invert the flask 10 times with the hand over its mouth to mix
thoroughly. Take three No. 589 8. & 8. filters, fold as one and
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place in a dry funnel with a dry 100-c.c. flask beneath. Filter
100 c.c. and transfer to an Erlenmeyer flask.

Add a few cubic centimeters of sulfuric acid, enough potassium
iodide to react with the excess of chromic acid and titrate with
sodium thiosulfate in the usual manner, using starch indicator.
The standard dichromate contains 3.558 grams of dichromate per
liter. The thiosulfate theoretically contains 8.8177 grams per
liter, but 9.150 will be more apt to give the desired strength.

Making the solutions this way, 1 c.c. of dichromate should
equal 1 per cent of lead and 2 c.c. of thiosulfate. Therefore, sub-
tracting the cubic centimeters of thiosulfate used from the
cubic centimeters of dichromate used will give the per cent of
lead direct, without any further calculation.

Notes on the Method.—The chromate solution and the thiosulfate
solution are both stable, and once standardized will not require further
attention for a month or more. They may be titrated against each
other occasionally and restandardized if any variation is found.

The lead chromate precipitate is fine unless boiled, and, therefore,
three filter papers are used. The solution filters quickly, however. In
methods where the solution is boiled, the lead chromate is of variable
composition, depending upon the conditions of precipitation, basic
chromates being formed. This method avoids any washing of the
chromate and thus saves time and avoids errors due to washing.
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* CHAPTER XXX
THE DETERMINATION OF TIN IN ORES

Tin occurs in ores generally as SnO, (cassiterite), sometimes as SnS,
(stannite). Cassiterite is insoluble in all acids, and to get the tin in
solution it is necessary either to fuse the ore with an alkali, forming a
stannate which is soluble in acids, or to reduce the SnQ; at an elevated
temperature with either a reducing gas as illuminating gas or with finely
divided metal as powdered zinc or aluminium. When the amount of tin
is very low and a large sample is used, the reduction of the SnQ; with a
powdered metal to metallic tin followed by solution of the tin in hydro-
chloric acid is best, because if a large sample is fused with an alkali and
the fusion dissolved in acid, the liberated silicic acid causes trouble in
filtration. A solution of stannic chloride in hydrochloric acid should
not be evaporated, as stannic chloride boils at 114°C.

Tin may be determined gravimetrically by weighing as SnO, after
precipitation as metastannic acid, or by weighing as the metal after
electrolytic precipitation, or, volumetrically,. by titrating the tin in
stannous state by a standard oxidizing solution, preferably iodine.

Stannous salts take up oxygen readily from the air, consequently the
solution, which is to be titrated, must be protected from the air by a
neutral gas, as carbon dioxide.

The following process is the well-known one of Pierce and Low,
with the reduction and titration carried out as directed by Patrick and
Wilsnack. It depends upon reducing the tin in a strong hydrochloric
acid solution in absence of air by means of the combined action of
metallic iron and antimony. The tin is reduced to SnCl,, which is then
titrated with iodine solution, thus, SnCl, 4+ 2I 4+ 2HCl=8nCl, + 2HI.

Process of Analysis.—Place in an iron crucible about 20 grams
of sodium hydroxide and heat over a Bunsen burner until the
charge is melted. Cool and add 2.0 grams of the finely ground
ore. Cover the crucible and heat cautiously to prevent spatter-
ing and, finally, heat with the full flame of the Bunsen until the
fusion is quiescent and keep the mass thus fused for about a half
hour to insure complete solution of the cassiterite. Cool and

216
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dissolve the cake in about 50 c.c. of water and enough HCI to
neutralize all the NaOH, and add 50 c.c. additional. When all is
in solution, transfer the solution to a 500-c.c. Erlenmeyer flask
and add 5 c.c. of sulfuric acid in which is dissolved 0.1 gram of
antimony.

(lose the flask with a three-hole rubber stopper. Through
one hole put a piece of glass tubing reaching to the bottom of
the flask, through another place an iron rod, the end of which is
coiled into a spiral. The rod should fit loosely enough to slip
up and down in the hole in the stopper, and be long enough to
have the spiral reach to the bottom of the flask, while the other
end sticks out of the stopper several inches.

Push the iron spiral down in the solution and pass CO; or
natural gas (freed from H,S by passing through NaOH) through
the glass tube until the air is driven out of the flask, and then
boil the solution for 25 minutes while continuing the current of
gas. Cool the flask while a rapid current of gas passes through
to prevent air entering. When the solution is cold, raise the
iron coil out of the liquid, wash it by squirting a jet of recently
boiled cold water through the third hole in the stopper, put in
4 c.c. of starch solution and then titrate the tin with standard
iodine solution by introducing the tip of the burette through the
hole in the rubber stopper and running in the iodine solution
until a drop turns the starch blue. The iron coil must be so
placed that the iodine solution does not drop on it.

Notes on the Process.—When near the end point, which is told by
the slow disappearance of the blue color of starch iodide, the titration
should proceed slowly to prevent overrunning the end point.

Large amounts of copper, lead, nickel, and perhaps other metals, inter-
fere with the accuracy of the titration if they are present and ores con-
taining them should be first treated with aqua regia, evaporated to
dryness, digested with hydrochloric acid and filtered. The residue on
the paper is then treated for tin as above directed.

Arsenic and antimony when in trivalent condition consume iodine, if
the solution is weakly acid, but in the strong acid solution, as used in this
process, they are without effect.

The reduction of the tin is not complete if only iron is used or if only
antimony is used, but is perfect if both are used. Some chemists find it
satisfactory to use 1 gram powdered Sb and no iron.
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Iodine Solution.—To make the iodine solution, put 20 grams
of KI and 50 c.c. of water in a liter flask and then add 12.7 grams
of pure iodine, stopper the flask and shake the solution until the
iodine is all dissolved. Then dilute to a liter and mix well.
Standardize against c.p. tin, by dissolving 0.2 gram in a flask in
50 c.c. of water and 50 c.c. of strong HCl. When dissolved, add
5 c.c. of sulfuric acid containing 0.15 gram of antimony and reduce
and titrate as directed for ore. Iodine solution of the above
strength is tenth-normal and should equal 0.00595 gram of tin
per cubic centimeter.

The results obtained are accurate to 0.2 per cent when as much
as 0.5 gram of tin is present and much more accurate with the
small amounts of tin found in ores.

The disturbing effects of the presence of arsenic, antimony
and copper may be avoided by the following modification of the
above process:

Proceed exactly as directed above until the HCI solution is
obtained after the fusion. Heat the solution to 60°C. and add
4 grams of iron filings to precipitate arsenic, antimony and copper,
and to reduce th