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Foreword

The author’s chief purpose in preparing this book has been to provide
a ready reference work for chemists and industrialists who require a knowl-
edge of waxes in their line of endeavor, and for those students and tech-
nicians who may wish to extend their background in a field with which
they are not familiar.

The literature on the subject of waxes is abundant, but widely scattered.
A number of textbooks on the general subject of oils, fats, and waxes do
exist; these, however, devote but few pages to waxes. The need for an
authoritative book on the subject of waxes, alone, is at once apparent.
The author has endeavored in this volume to bring together and correlate
much material that is not available to one lacking the facilities of an exten-
sive library.

The traditional organic chemistry textbooks fail to include data con-
cerning hydrocarbons, alcohols, acids, esters, etc., of higher carbon con-
tent than those found in the fats and oils. Such high-carbon compounds
are normally found as components in waxes, both natural and synthetic.
Hence, the author has considered it essential to describe these compounds
in detail in an extended section dealing with the chemistry of waxes.
Although tabular information on such items as the hydroxy and dibasic
acids may appear overdrawn, it should prove useful to the investigator
delving into the chemistry of wax metabolism in the growth of plants—a
subject about which little is known.

The chemical constitution of many of the plant waxes, even of the
well known ones, is not yet fully understood, but considerable progress
has been made in that direction in the last decade. The results of research
in this field have been assembled here. Adequate space has also been
devoted to a survey of the petroleum waxes—a study of growing impor-
tance since the introduction of the comparatively new petroleum ceresin
or microcrystalline wazes on the market.

The industrial application of waxes is a subject deserving wide atten-
tion. The need for a text which would not only cover the chemistry and
description of waxes, but also their use in the arts and industries, was first
brought to the author’s attention by Carl Dame Clarke, of the University
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of Maryland School of Medicine, who encouraged him to undertake the
task of writing this book. Similar encouragement has been given by
others associated with the refining of waxes from petroleum.

Detailed acknowledgment of all sources of information drawn upon in
the compilation of the data herein presented would not be possible within
the brief space afforded, but an effort has been made to acknowledge the
efforts of coworkers in the references cited at the end of each chapter. In
particular, the author wishes to acknowledge the aid and encouragement
given him by members of the American International Academy. Thanks
are also due Miss Jill M. Sternberg of the Reinhold Publishing Corporation
for her cooperation in the preparation of this volume.

ALBIN H. WaRTH
Baltimore, Maryland
April, 1947
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Chapter 1

Introductory

Perhaps civilized man would never have developed at all, were it not
for the fact that he was confronted at the very beginning with things in
nature which he could not possibly pass by. He then learned to utilize
these phenomena to his own advantage, and later to search for others that
were useful for his welfare. Today man has advanced to the stage of
development where he is learning to combine the elements in the soil, the
water, and the air to synthesize natural products, and is taking care of
his future needs.

So it is with wax. Wax is as old as man. The English term waz is
derived from the Anglo-Saxon weaz, which was the name applied to the
natural material of the honeycomb of the bee. When a material of similar
resemblance was found in plants it also became known as weax or wachs,
and later waz. In modern times the term wazx has taken on a broader
significance, and is generally applied to all wax-like solids and liquids
found in nature, and to those that occur individually in waxes, such as the
hydrocarbons, acids, alcohols, and esters, irrespective of their source or
method of preparation. Certain synthetic compounds which are not waxes
from the standpoint of chemical composition, but do have waxy physical
characteristics, are included because of their value in technical use as wax
substitutes.

Many plants produce wax in small quantities in their tissues, in their
pollen, and in their seeds, but it chiefly appears abundant as an excretion
upon their leaves, stems, or fruit. In some instances this secretion is
abundant and is of great importance to the plant; in desert plants it pro-
vides a surface coating which retards evaporation. A few plants produce
wax in sufficient amount to be of economic importance. Such is the
carnauba palm, of the dry arid regions of northeastern Brazil, the leaves of
which are cut, dried, and beaten to detach the wax. The candeclilla plant
from the desert regions of Mexico furnishes a wax which is obtained by
boiling its stems and leaves. Bayberry shrubs on the sand dunes of the
Atlantic coast yield a wax when their berries are boiled.

When the term waz is used without further designation it has been
customary to cling to the old definition, namely, that produced by the

1



2 THE CHEMISTRY AND TECHNOLOGY OF WAXES

domesticated bee. Formulas still call for yellow wax or white wax, which
are to be interpreted as yellow beeswaz and bleached white beeswazr. In fact,
both the United States and British pharmacopceias cling to this definition,
classifying these waxes as cera flava and cera alba respectively. Paraffin
wax is simply ‘“‘paraffin” or in Latin paraffinum (very little affinity); and
natural earth wax is referred to as ‘‘ceresin,” derived from cera and sine,
meaning without waz, or a genuine, flawless article (from the custom of
concealing defects in pottery and ceramic ware by patching them with wax).

When we speak of wax figures, it brings to mind the fact that since
earliest times these have been made of beeswax. Beeswax has properties
which allow it to be cut and shaped with facility; it melts to a limpid fluid
at a low heat; it mixes with any coloring matter and takes surface tints well;
and its texture and consistency may be modified by earthy matters and
oils or fats. It is these properties which make it a most convenient medium
for preparing figures and models, either by modelling or casting in molds.
It was so used by the ancient Egyptians, by the Greeks, and then the
Romans, and later in the Renaissance in Italy. In Spain beautiful wax
figures of saints, distinguished in form and coloring, were achieved in the
realm of religious art. The use of beeswax in medical art was first practiced
in Florence, and is now very common. The most famous exhibition of
waxworks was that of Marie Tussaud in London.

Plant and animal waxes are, generally speaking, compositions made up
largely of non-glyceryl esters formed in nature by the union of higher
alcohols with the higher fat acids, and with which are associated one or
more of the following components: free fat and wax acids, free monohydric
alcohols and sterols, hydrocarbons, and lactones or other condensation
compounds. The components vary greatly in amount in accordance with
the source from which the wax has been derived. Mineral wax, when
derived by direct extraction from ligneous coals, contains wax esters, free
wax acids, alcohols, and ketones. If obtained by destructive distillation
in nature, or in the refinery, the waxes contain only hydrocarbons, which
are termed the end products.

Compounds that can be isolated or artificially produced from waxes are
classed as waxes, e.g., the ester cetyl palmitate produced from spermaceti;
or cetyl alcohol, produced artificially by the hydrolysis of spermaceti.

In modern wax technology it would seem highly desirable to include in
our broad definition of wax, all the wax-like substances irrespective of
source, since in the art of production or reproduction we aim to have
before us the whole field of wax or wax-like substances from which we can
select those which may best suit our needs. Waxes are used in the arts
because of their peculiar physical characteristics, and seldom because of
their chemical nature. )
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In this volume an attempt is made to bring to the reader a more
thorough understanding of the chemistry of waxes, and much new informa-
tive material that will not only be of academic interest, but may well lay
the ground for considerable research in a field that will become one of still
greater economic importance than it is today.



Chapter 2

Chemical Components of Waxes

Formation of Waxes by Metabolism

The process of building the chemical composition of a plant begins in
the chloroplastid of the cell structure. Whether this metamorphosis
occurs only in connection with the living cell is a question still unanswered.
According to Stobbe', the chlorophyll of the plant exhibits selective
absorption of the less refrangible spectrum energy, and may act either
directly on the H.O and CO. or as a catalyst in photosynthesis, like the
optical sensitizers of orthochromatic photography.

In the photosynthetic processes of plants we have:

CO;, + HO — O, + >CHOH

The CHOH grouping known as hydroxymethylene is a tautomer of CH,O.
It is incapable of existing free, except in a nascent state, and five or six
of these CHOH groups would unite to give a compound of the type of
inositol, C¢Hs(OH)s, which is very widely diffused in nature. If one of
the H atoms of the OH groups is transposed to the adjoining C, an aldose
sugar, HOCH,[CH(OH)], CHO is formed.

Just as the effect of light is to do work of a chemical nature in the
formation of a substance, chemical decompositions can be brought about
without the aid of light by unorganized ferments or enzymes, many of
which act as catalysts in processes of hydrolysis, for example: lipases
hydrolyze glycerides, and sterases hydrolyze esters; oxidases bring about
oxidation; reductases reduce aldoses or aldehydes to alcohols; and car-
boxylases eliminate CO, from acids. The enzymes are unstable nitrogen-
ous compounds of colloidal nature, but not necessarily proteins.

According to their origin in a plant, the cellulose walls may be divided
into groups: (1) lignocellulose walls; (2) protective cellulose walls; (3)
mucilage cellulose walls; (4) reserve cellulose walls, and (5) mineral cellu-
lose walls. It is the protective cellulose walls that are composed of mix-
tures of lignocellulose, oils and waxes, and frequently contain in addition
resins or other substances. Just as a starch grain may attain such size as
to burst through the boundary wall of the plastid to form reserve starch,
the wax may exude from its border cell to form rods or granules.

4



CHEMICAL COMPONENTS OF WAXES 5

The chemistry of plant metabolism seems to be more or less of the
following order. The alcohols in the growing plant assimilate carbon
dioxide, with the aid of activating nitrogen, to form hydroxy acids, one
step higher in the number of carbon atoms:

ROH + CO, — ROCO:H
(even () (odd C)

The hydroxy acids unite with hydrocarbons having an odd number of
C atoms. We denote these as R’H. The reaction between the hydro-
carbons and hydroxy acids forms esters, 7.e., mixed esters and water.

R'I + HOCO:R — R'CO.R + H.0
(odd=C) (odd ©) (even (V)

Decarboxylation of the esters takes place to yield hydrocarbons, the
latter always with an odd number of C atoms. Hence, residues of hydro-
carbons, called end-residues, have an odd number of carbons:

R'COR — R'R + €O,
(odd C)(odd C) (odd C)

This particular decarboxylation is common to arid plants, and is also
produced by insects of the wax-producing type.

Plant alcohols and aldehydes usually have an even number of C atoms
and through oxidation form acids with the same number of carbons:

R’-CH.OH + (02 - R’-CO.H + H,O

(even C) (even C)
R’-CHO + 0 - R’-COH
(even C) (even C)

The alcohols and acids unite, with the elimination of a mole of water,
to form ester end products.

R’-CH,OH + R’-CO.H — R’-COR + 11,0
(even C) (even () (even C)

(Also see metabolism of wax components in arid plants, p. 4)

Chemical Compounds in Waxes

In clucidating the chemistry of the components of the animal and
vegetable waxes, reference will be made first to the higher aliphatic hydro-
carbons, the foundation stones upon which the chemical structure of the
wax alcohols, wax acids, and wax alkyl esters is built. The same hydro-
carbons are the principal constituents of the paraffin waxes.

Listings of the lower hydrocarbons and their derivatives will be omitted,
first, because they are not constituents of waxes, and secondly, because
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information concerning them is readily to be found in any elementary
textbook on organic chemistry. It is difficult to secure, even from the
more advanced texts on organic chemistry, ample information concerning
the aliphatic compounds with a very large number of carbon atoms; yet
it is these compounds that are the principal or most important constituents
of waxes. It is for this reason that the wax hydrocarbons, alcohols, acids,
and esters will be listed and described, together with pertinent matter on
the sterols, lactones, and ketones, and some of their physical constants.

Hydrocarbons. The hydrocarbons of particular interest in waxes are
those saturated hydrocarbons of the fatty acid series that range from about
14 to 44 carbon atoms. The same is true of the corresponding straight-
chain alcohols and fatty acids, the esters being combined from these same
alcohols and acids. The chemical relation between these compounds is

simple:
R-CH;-CH, R-CH,-CH.OH R-CH,-COOH R-CH,-COOR’
hydrocarbon alcohol acid ester

Grouping the carbon, hydrogen, and oxygen atoms we can write the
relation, where n denotes the number of carbons, thus:

CHoan 42 C.H20,20 or C,Hz2 OH CoHs0. C.H%_,O0OR" or C.HeO:
hydrocarbon alcohol acid ester

Hydrocarbons appear as important constituents of many animal and

vegetable waxes, and are_the sole constituents of the petroleum waxes.

Marine liquid waxes contain unsaturated hydrocarbons which as a rule have

. far lower melting points than the saturated hydrocarbons. The melting

point of a hydrocarbon increases in a regular manner with the number of

carbon atoms it contains, and thus affords considerable assistance in
identifying the hydrocarbon when isolated from the wax.

Alcohols. The wax esters as a rule are difficult to saponify, and the
straight-chain alcohols and sterols hydrolyzed therefrom, because of their
insolubility in cold alcohol and water, are found together with the hydro-
carbons in the unsaponifiable portion or residue of the wax after saponifica-
tion.

The important higher aliphatic alcohols, free or combined, are mono-
hydric as far as waxes are concerned; the dihydric and trihydric alcohols
belong mostly to the vegetable and animal oils. Glycols are dihydric
alcohols, and glycerols are trihydric. There exist a few natural unsaturated
higher aliphatic alcohols in the marine liquid waxes, and these will be
referred to later. Sterols appear in the unsaponifiable residues of a few
waxes, especially those which approach fats or oils in their composition.
The sterols are unsaturated cyclic alcohols having a phenanthrene skeletal
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base. Ketonic alcohols are encountered rarely, and ketones and lactones
only occasionally as components in the natural waxes.

Acids. The higher fatty acids, both free and combined, are important
constituents of solid waxes of both animal and vegetable origin. The
unsaturated acids play an important role in the liquid waxes. Dibasic
acids are found in a few of the waxes, and are associated with the glyceryl
radical as partial components. Hydrozy acids play a definite role in plant
metabolism, and are often found as constituents of waxes; lactones are
often found with them.

Esters. Esters, also referred to as acid esters, are the more important
constituents of substantially all of the natural waxes. They are products
of metamorphosis in which the alcohols and acids unite with the elimina-
tion of a mole of water. The melting point of an ester is somewhat higher
than that of the corresponding acid, and is somewhat influenced by the
melting point of the alcohol to which the ester acid has been linked. All
known esters in waxes have an even number of carbon atoms: Less than
fifty esters have becn positively identified as wax components. Some of
the esters are hydroxy acid esters. (See wax esters, p. 31).

Wax Hydrocarbons

Saturated Hydrocarbons. The following is a list of the straight-chain
saturated hydrocarbons which have a melting point higher than 0°. These
hydrocarbons are associated with liquid and solid waxes.

The hydrocarbons associated with waxes are not necessarily straight-
chain, as some have one or two side chain linkings. For example cerane,
from ¢so-ceryl alcohol, is a forked-chain hydrocarbon. It melts at 61°, and
boils at 207° under 0.7 mm pressure ; melissane from melissyl alcohol is 7so-
hentriacontane, m. 73-74°, b. 222° under 0.3 mm pressure.

There exist isomers of the normal hydrocarbons in the petroleum paraf-
fins, although they are difficult to isolate for identification. In general
the forked-chain isomers are of lower melting point than the normal chain.
An exception is found in the isomers of n-hexacosane (m. 57°), since one
isomer, 2-methyl pentacosane (cerane), melts at 61°, and another isomer,
13-methyl pentacosane at 29°. An iso-octacosane (m. 70°) has been isolated
from the herb Alchemilla alpina, L.

Unsaturated Hydrocarbons. Unsaturated hydrocarbons are infre-
quently found in the natural waxes. They originate in the pyrolysis (heat
melting distillation) of certain waxes, more particularly the wax ester
constituents; for example, melene (C3oHgo, m. 62°) is obtainable by the dis-
tillation of beeswax, and cerotene (CyHg, m. 58°) from Chinese insect
wax. A hydrocarbon (CsHis, m. 56.6°) has been reported as a constituent
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Table 1. Saturated Hydrocarbons
M(e}gi&m Point 760 g:hnc Pclﬁsnt

mm mm Sp. Gr. at M.P.
Hydrocarbon CnHan 42 °C) (°C) 15 mm

Tetradecane CuHjso 5.5 252.5 129.5 0.765
Pentadecane CusHas 10.0 270.6 144.0 0.769
Hexadecane (cetane) CieHa 18.1 286.5 157.0 0.775
Heptadecane CiHas 22.5 295.5 170.0 0.778
Octadecane CisHas 28.0% 301.0 181.5 0.777
Nonadecane CisHoo 32.0 305.0 193.0 0.777
Eicosane CaoHe 36.7 309.7 205.0 0.77756*
Heneicosane CMH“ 40.4 313.4 215.5 0.7778
Docosane CanHq 44.4 317.4 224.5 0.7776
Tricosane CusHea 47.3 320.7 234.0 0.7779
Tetracosane CaHso 51.1 324.3 243.0 0.7781
Pentacosane CosHiz 54.0 327.41 254.0 0.7785*
Hexacosane CasHe 56.9 330.3t 262.0 0.7787
Heptacosane CyHie 59,54 332.5 275.0 0.7789
Octacosane CosHes 62.0 335.7t  286.0 0.7792
Nonacosane CasHeo 64.0 338.11  295.0 0.7707
Triacontane CsoHe 66.0 — 304.0 0.7707
Hentriacontane CyHe 68.1 341.1 310.0 0.7799
Dotriacontane CiaHes 70.0 343.5 319.0 0.7798
Tritriacontane CauHes 71.8 —_ 328.0 0.7801
Tetratriacontane CaHzo 72.9 —_ 336 0.7806*

215 (0 mm)
Pentatriacontane Cullze 74.7 -_— 334 0.7813

222 (0 mm)
Hexatriacontane CseHyy 76.5 — 265 (1 mm) 0.7819

230 (0 mm)
Tetracontane CooHse 81.0 _ 241 (1 mm) 0.7830
Dotetracontane CaaHsgs 84.9 —_— 236 (1 mm)
Tetratetracontane CuHyo 85.5
Pentacontane CsoHi2 92.1
Tetrapentacontane CsuHio 95.04=
Hexacontane CesoHiz 08.9
Dohexacontane CesHize 101.0
Tetrahexacontane CoHiso 102.04 o
Hexahexacontane CesHisa 103.6 (crystal spacing 87.84 A. U.)
Heptabexacontane CerHise 104.1
Heptacontane Crolie 105.2

*Krafft’s synthetic hydrocarbons.

tComputed by Formula An = —8—5—_—19%8_?%(—”————1)2

in the shell of a coccid, Pulvinaria horii, by Kono’; also in the vacuum dis-
tillation of lignite, and of Galician petroleum.

From the highest wax alcohol (m. 87-88°) of carnauba wax, Pummerer
and Kranz¥ prepared a palmitate. By refluxing under 13 mm pressure
of CO; and fractionating in vacuo, they obtained 70 to 80 per cent of a
crude unsaturated hydrocarbon, which, when freed from palmitic acid and
distilled from KOH, gave an olefin that crystallized from acetone in silver-
felted crystals and had the following constants: melting point 64°, boiling
point 295° at 15 mm; molecular weight in camphor 444.8, in naphthalene
466.5-492.5. The molecular weight in camphor indicates that the hydro-
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carbon is dotriacontene, and not hentriacontene as first believed. (Hentria-
contene has an m. wt. of 434.80.)

In the petroleum paraffin waxes olefins are seldom encountered. Ole-
fins of high molccular weight are not common. Hydrocarbons of the
general formula C,Ha,, which are found chiefly in Galician and Russian
petroleums, are cyclic, of the polymethylene type and are commonly known
as naphthenes. For example, cyclohexane (m. 42°) and cyclotriacontane
(CsoHgo, m. 58°) are naphthenes. The melting points of the naphthenes are
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Fieure 1. Melting points of olefins.
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&

somewhat lower than those of the corresponding unsaturated normal chain
hydrocarbons with the same number of carbon atoms.

Olefins of the straight-chain type occurring in natural and mineral
waxes are listed in Table 2. The solid series starts with n-octadecylene
(CisHss, m. 18°, b. 179715 mm). This hydrocarbon is found in shark-liver
oil accompanied by squalene, a highly unsaturated hydrocarbon. Squalene
is 2,6,10,15,19,23-hexamethyltetracosahexaene-2,6,10,14,18,22.

Wax Alcohols

The unsaponifiable matter in waxes includes all those substances which
remain insoluble in water after the wax has been totally saponified by
adequate treatment with caustic alkali in a suitable solvent, followed by
the addition of an excess of water, and the separation of the unsaponifiable
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by a selective solvent. In general the unsaponifiable consists of hydro-
carbons and wax alcohols. Analytically, the wax alcohols are destroyed
by treatment with fuming hydrochloric acid, leaving the hydrocarbons
intact. Many of the ordinary animal and vegetable waxes yield 50 to 55
per cent of wax alcohols, free and combined (as esters), whereas the fats
yield only 1 to 2 per cent of fatty alcohols, since the glycerin (alcohol)
produced by the hydrolysis of fats is water-soluble.

Table 2. Straight-Chain Wax Olefins

Boiling Point

Melting Point 15 mm 1.5 mm
Name of Olefin CnHan °C) (°C)
Cetene CisHa 4.0 (Messer) 155 120
(1-hexadecene)
1-Heptadecene CuHa 11.0 (Schmidt) 169 - 127
Octadecylene CisHae 17.5 (Niemann) 179 136
(1-octadecene)
1-Nonadecene CioHss 24.0* 187 144
Eicosylene CaoHuo 28.5 (Niemann) 196 151
(1-eicosene)
1-Heneicosene CaHa 35.5 (Schmidt) 205 158
Docosylene CeHe 41.0 (Braun) 214 166
(1-docosene)
1-Tricosene CasHys 46.0* 223 174
Tetracosylene CauHys 50.0* 233 181
(1-tetracosene)
1-Pentacosene CasHio 53.5* 242 188
Hexacosylene CaHse 56.5 (Karrer) 251t 1961
(1-hexacosene)
Cerotene CyHu 58.5 260t 203t
(1-heptacosene)
Octacosylene CasHoe 60.0 2691 210t
(1-octacosene)
1-Nonacosene CooHss 61.0 277t 218t
Melene CsoHeo 62.0 (Brodie) 285 225
(1-triacontene)
1-Hentriacontene CnHe, 63.0 2914 231¢%
1-Dotriacontene Cy2He 64.0 295 238t(P&K)

* Computed melting point. { Computed boiling point.

In listing the fat and wax alcohols the common nomenclature is used
as in Table 3, although the Geneva is also referred to. Under the rules
of the International Union set up at the Geneva Conference the final e of
the name of a hydrocarbon becomes ‘ol’ for its corresponding alcohol. For
example, eicosane (CyHg) and eicosanol (Ci;oHeO). If the alcohol is a
normal one it can be expressed as n-arachidyl alcohol, or 1-eicosanol, the
latter denoting that the CH; group is attached to the terminal carbon,
CH;: (CHg)1s: CH,-OH.

The crystal cell spacings of the alcohols differ little from those of the
corresponding monobasic acids. The chain lengths increase in a regular
fashion from 41.35 to 71.0 A.U. (B. values) for the Cis to the Cy alcohol.
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Melissyl alcohol (Cs) in beeswax is probably a mixed dimer of myricyl and

lacceryl alcohols.
animal waxes.

n-Montanyl alcohol is not generally found in vegetable or
It is a constituent of montan wax.

Table 3. Normal Saturated Monohydric-Aliphatic Alcohols (Cio to Cu)

Name CnHin 1OH %c"; ?"g)’ Sp. Gr. of Melt T° 40

sapryl (decyl) C,H;0OH 7.0 231/760 mm 0.8375 T =23
(1-decanol)
Undecyl (hendecyl) CiH0OH 16.3» 243/760 mm 0.8340 T = 23
(1-hendecanol)
Lauryl CH.;OH 23.8» 255/760 mm 0.8310 T =24
Tridecyl C;sH»OH 30.2 155/760 mm 0.8277 T =31
Myristyl (tetradecyl)  CiH»OH 37.6 165,760 mm 0.8240 T = 38
(1-tetradecanol) .
Pentadecyl CisHaOH 43.8 176/760 mm 0.8215 T = 44
Cetyl (hexadecyl) CisHi:OH 49.3 187/760 mm 0.8180 T =50
(1-hexadecanol)
Margaryl CiHsOH 54.3 — 0.8150 T = 55
(1-heptadecanol)
Stearyl (octadecyl) CisHyOH 58.5 210/15 mm 0.8120 T = 59
Nonadecyl CuwHOH 63.0 166/0.3 mm 0.8090 T =63
Arachidyl (eicosyl) CypHyuOH 66.5 176/0.3 mm 0.8060 T = 67
(1-eicosanol)
Heneicosyl CuHuOH 69.5 —_ e
Behenyl (docosyl) CnHOH 72.3 188/0.3 mm 0.8000¢ T =73
(1-docosanol) )
Tricosyl (JnHuOI’I 74.3 196/0.3 mm —_——
Lignoceryl CauHoOH 76.5 210/0.4 mm 0.795084 T =77
(1-tetracosanol)
Pentacosyl CHgOH 79.0 215/0.36 mm _—
Hexacosyl CyHisOH 81.0 0.7890¢ T = 81
Octacosyl CyuHgmOH 84.5 0.78308 T = 85
n-Myricyl CyHaOH 87.5¢ 0.7770 T=88
(1-triacontanol)
n-Lacceryl CiHs:OH 89.0b
(1-dotriacontanol)
Tetratriacontyl CuHeOH 94.0
Hexatriacontyl C3H70H 96.0
Takakibyl CuHgOH 99.0

(1-tetratetracontanol)

* M.p. by Verkade; ® by Gascard; ° by Heiduschka and Gareis; 4 computed values.

Several of the alcohols encountered in waxes are not normal, but little

is known about their grouping, and they are simply referred to as isomers.
Carnaubyl alcohol, the alcohol of wool grease, was one of the first isomers
of n-lignoceryl alcohol to be so recognized. An tso-ceryl alcohol supposedly
exists. Almost without exception the alecohols which are spoken of as
isomers are in reality equimolecular compounds of homologs; this is par-
ticularly true of the natural alcohols with an odd number of carbons.
These mixed dimers are responsible for no less than three ceryl alcohols,
referred to as neoceryl, ceryl, and carboceryl (CyHseO, CogHsiO, and CaHgO).
These ceryl alcohols may also be referred to as (a), (b) and (c) respectively.

The position of monomeric alcohols in contrast with dimeric alcohols
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with an odd number of carbons is uncertain. As a whole, such monomeric
odd carbon alcohols are non-existent. The exceptions appear to be
montanyl alcohol in its natural state in montan wax, or in cotton, which
appears to be the normal Cy alcohol; and melissyl alcohol of the waxes of
arid plants, which also appears to be the normal Cg alcohol. These par-
ticular alcohols of very high molecular weight cannot be distinguished from
synthetically prepared alcohols.

Table 4. Forked-Chain Isomers and Bimolecular Compounds of the
Saturated Wax Alcohols

M.P. M.P
Normal Alcohol ©C) Isomer Mixed Dimer °C)
Even Number of Carbon Atoms
Cau n-lignoceryl 76.5 carnaubyl 69, 681
(1-tetracosanol) isotetracos- 72.0
anyl
Coas cerg] 79.8, 81.0 pseudoceryl 77.8¢
(1-hexacosanol)
Cas 1-octacosanol 83.2 koryanyl ?
neomontanyl 82.0
Cso n-myricyl 86.5, 88.0 gossypyl 87, 86, 82
respectively
Cs2 n-lacceryl 89.0, 91.0 psyllyl 88.0
Ca 1-tetratriacontanol 94.0 incarnatyl 73.0
Odd Number of Carbon Atoms
Cus 1-pentacosanol 79.0 neoceryl (Cagy Cas) 75.0, 75.5%
Cor 1-heptacosanol 82.8 ceryl (¢) (Cas, Cas) 79.5, 80.0*
isoceryl 78.0%
carboceryl (Cas, Czs) 79.0¢
Cay n-montanyl 84.5
Ca 1-hentriacontanol 89.0 melissyl (Cao, Cs2) 85.8, 87.0
Cas 1-tritriacontanol 93.0 psyllostearyl 69.0
ceromelissyl (Ca2, Cui) 90.0
Cas 1-pentatriacontanol 98.0 isopentatria-
contanol 89.5
ceroplastyl (Cs4, Cas) 92.0

IM.p. by Betrabet; *by Gascard; *by Kono; ‘by Brodie; *by Gottfried; *by Damoy.

Natural Occurrence of Wax Alcohols. Cetyl alcohol (CisHsO) occurs
in the combined state as cetyl palmitate in spermaceti. Cetyl alcohol
(ethal) was discovered by Chevreul over a century ago. It can now be
prepared cheaply from cetyl palmitate by hydrogenation. It crystallizes
from alcohol in leaflets (m. 49-50°). , Hepladecyl alcohol crystallizes in
pearly white scales (m. 54°). Stearyl alcohol occurs in montan wax and
in cotton, and crystallizes from alcohol in shining leaflets (m. 58.5°). Ceryl
alcohol ocecurs as ceryl cerotate in Chinese insect wax, and accompanies
myricyd alcohol in japan wax. Ceryl alcohol crystallizes in rhombic plates
(m. 79.5-80°). Myricyl alcohol (C3HeO) and lacceryl alcohol (CiHesO)
occur both free and combined in carnauba wax. Myricyl alcohol crystallizes
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from ether inneedles (m.86.5% Robinson). M elissyl alcohol (CsHgO) occurs
in beeswax in the combined state as melissyl melissate. 1t crystallizes in
white brilliant micro-lozenges (m. 87°).

Lacceryl alcohol in the form of lacceryl laccerate (m. 94°) was dis-
covered by Gascard4 in the wax obtained from commercial “stick-lac.” It
crystallizes in brilliant pearl needles (m. 89°) consisting of lozenge-shaped
micro-lamellae, characteristic of the higher alcohols of this serics. An
alcohol resembling laccerol has been isolated from Palaquium wax, of P.
gutta, the gutta percha tree. Takakibyl alcohol, with 44 carbon atoms, is
present as a wax constituent of Koryan corn oil of Manchukuo.

Some of the wax alcohols as such have been exploited commercially,
e.g., cetyl alcohol which can be obtained directly from cetyl palmitate by
hydrogenation. On the boundary line betwcen waxes and oils is lauryl
alcohol (C12Hy0) which has long been available as an alcohol readily pre-
pared by catalytic hydrogenation of its esters. A trade name for the com-
mercial product is “Lorol.” Lorol forms a soap with sodium which can
be used in somewhat acid solutions that would precipitate the fatty acids
from ordinary soaps, and a soap which can be used in salt and hard water
as well.

Heiduschka and Gareis® determined the melting point of carefully
purified myricyl alcohol 1o be 87.5°; it appears to be identical with the
synthetic 1-triacontanol. The next higher homolog is 1-hentriacontanol
which has a melting point of 89.0°. They were unable to obtain a melting
point higher than 85.8° for the Cj;; alcohol, mebissyl alcohol, isolated from
heeswax, despite the fact that it was believed to be identical with 1-hentria-
contanol. Therefore it would appear obvious that the melissyl alcohol of
beeswax is a mixed dimer or bimolecular compound of Cyp and Cse alcohols.

Isomers of the normal alcohols appear to be more prevalent with those
of an cven number of carbon atoms. A few of the saturated alcohols with
an even number of carbons have melting points far helow those of the cor-
responding n-alcohols, and arc undoubtedly true isomers, e.g., carnaubyl
and incarnatyl. There appear to be at least three ceryl alcohols, the C;,
Cy, and Cy, which hereafter will be referred to as (), (b), and (c) respec-
tively. These three ceryl alcohols correspond to the known cerotic acids.
Lewkowitsch? has referred to the Cqs alcohol as ceryl alcohol, and to the Cg;
asisoceryl alcohol. The term carboceryl has been applied to the latter by
other investigators, and the term neoceryl to the Cy; ceryl alcohol. The Cys
alcohol is probably a mixed dimer of lignoceryl and ceryl alcohols; the C,;
ceryl alcohol a mixed dimer of ceryl and neomontanyl alcohol. Crystal
cell spacings for melted layers of the alcohols are as follows: C,, 33.0;
Clc, 37.40; Cla, 413, Cm, 430, Cgo, 453, Cm, 47.0, Cn, 500, Cu, 542, 025,
55.5; Cas, 58.0; Cis, 62.3; Cso, 67.0; 62, 71.
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Identification of Myricyl Alcohol of Beeswax. The attempted
scheme of identification of wax components may be illustrated by a classical
example of Gascard.‘* Brodie originally had discovered what he designated
as myricy. alcohol (m. 85°) having the formula C;HeO. Gascard attempted
to show that the alcohol constituent of beeswax was not a Cy alcohol but
an n-Cy alcohol (now known as n-melissyl alcohol). Gascard crystallized
the alcohol from benzene and observed that it formed tiny white lozenges
(m. 87°) slightly soluble in cold alcohol, ether, benzenc or chloroform. He
converted the alcohol to iodide (m. 69°) which gave 22.43-22.80 per cent
iodine (average 22.59 per cent), corresponding to C3Hgl. Sodium amal-
gam converted the latter to the hydrocarbon CsHes (m. 69°) [CyoHge, m.
66°; CsoHey, m. 68.1° (Krafft); CHes, m. 70.5°). The properties of the Cy,
alcohol and its derivatives were further compared with those of the cor-
responding derivatives of laccerol (n-lacceryl alcohol, CzHgQ), which Gas-
card had previously obtained from ‘‘stick-lac.” By converting melissic
acid (Cy acid ) to the next higher homolog, he attempted to show that the
lacceric acid so formed is identical with that which may be derived from
the stick-lac wax, both melting at 95 to 96°.

Myrieyl Derivatives Lacceryl Derivatives
m.p. (°C) m.p. (°C)

Free alcohol 87 (tiny lozenges) 89 (rhomboidal plates)
Acetate, 72 7
Iodide 69 71 (leaflets)
Corresponding hydrocarbon 69 (CaHel) 70
Dimyrnicyl 100.5 dilacceryl 102
By oxidation,* mellisic acid 90 lacceric acid 95-96 (rbomboids)
Esters: myricyl mellisate 90.5 lacceryl laccerate 95

myricyl laccerate  92.5b
By KCN¢: melissyl cyanide 75 —— —_— —_
from iodide
Cyanide on hydrolysisd:
lacceric acid 95-96 — —— —_—

s Oxidized with CrO; in acetic acid (or by heating in soda lime).

b Algo prepared by the action of iodine on silver laccerate.

¢ With potassium cyanide in methyl alcobol at 150° in bomb tube.

d Hydrolyzed by heating at 170° in amyl alcohol.

Nore: In view of our more recent knowledge, n-melissic acid when synthesized has a
melting point of 92.8°. (The copolymer Cy, Cy2 has an m.p. of 90°). The copolymer
on reduction yields the C;; hydrocarbon. Melissyl melissate (Cy, Cs1) when synthesized
has a melting point of 92.5°. ~ The m.p. given by Gascard would correspond to a mixture
of the monomeric Cyo, Cso and Cys, Cys esters, which are practically inseparable by methods
used at that time. The synthetic Cy; alcohol melts at 89°. The mixed dimeric alcohol
Cu, C32 melts at 85.8°, or appreciably lower than the Cs alcohol, which melts at 88.0°.

Unsaturated Alcohols. Unsaturated aliphatic alcohols of the mono-
ethylenic type are commonly associated with the liquid waxes. Most of
them are liquids, but a few are solids of low melting point. The names
bear the ending -eyl, -enyl, or -enol, and the hydrocarbons related thereto
have the ending -ene.
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Zoémaryl alcohol (CieH320) has the constitution:
CH,-CH;- (CH,);CH.-CH : CH-CH,- (CH,)s- CH:-CH,OH

and is designated as 7-hexadecen-16-ol, or 9-hexadecen-1-ol, depending upon

the terminal carbon from which the double bond is counted. Unsaturated

alcohols are optically right- or left-handed, that is, cis or trans; for example,

oleyl alcohol (CisHss- OH) is cis-9-octadecen-1-ol. Alcohols of diolefins are

also encountered in the liquid waxes; for example, linoleyl alcohol A%:10. 12:13

which may be written 9-12-octadecen-1-dienol.

The following is a partial list of unsaturated alcohols:

CpHis-OH  Decenol, a liquid wax constituent of wool grease. Isodecenol (1-decen-
10-0l) by 143-4°.

CuHy-OH - Hendgzcenl;)l ( l—gndecen-ll-ol), likewise a constituent of wool grease, m.
—7° by 148.5°,

Ci:Hz-OH  Dodecenol, a liquid wax.

Cully-OH Physeteryl alcohol, 6-tetradecen-14-0l; iodine no., 111.2.

CisHxn-OH Pentadecenol, m. 32,5° by, 170-2°. Isopentadecenol (1-pentadecen-13-ol)
m. 40.2°, bs 170°.

CieHu-OH  Zoomaryl alcohol, iodine no. 98.6, a constituent of marine oils. Also
palmitoleyl alcohol of beeswax.

CisHa-OH  Octadecenol, or oleyl aleohol of marine oils. It is definitely cis-9-octa-
decenol; b;s 205-10°. .

Jwtg- OH Docc;serixloll, a constituent of jojoba oil; closely related is the isomer, erucyl

alcohol.

CuHg-OH  Carnaubenol (carnaubanyl alcohol) m. 39°, a disputed constituent of
carnauba wax. ) .

CyHi-:OH  Hexacosenol, m. 42° of jojoba oil.

Sterols

The sterols are polycyclic alcohols that often accompany fats and oils,
and to a lesser extent waxes of both animal and vegetable origin. They
are insoluble in water, and appear in the unsaponifiable residues of the
waxes of which they sometimes constitute a significant proportion. In
the original source the sterols may occur either in the free or the combined
state, the latter as esters of the wax acids, or both. Cholesterol has four
rings (phenanthrene skeletal base), an unsaturated bond, and an OH
(alcohol) group. Stigmasterol has two double bonds. Dihydrocholesterol,
derived from cholesterol, has two hydrogen atoms saturating the double
bond. Other dihydrosterols may or may not have a double bond. Dihy-
drozysterols have two OH groups positioned where the unsaturated double
bond would otherwise exist. The general ring structure will be referred
to later.

The free sterols are characterized by their power of forming crystalline
additive compounds with the glucoside principle digitonin. Of the animal
sterols (zodsterols) the most abundantly found in nature is cholesterol
[CssHs(OH)] which forms small needle-shaped anhydrous crystals (m.
148.5°) optically active in chloroform solution. Cholesterol has a specific
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gravity of 1.052 to 1.053. It sublimes at 200° and distills unchanged in
vacuo. It is freely soluble in hot aleohol, choloroform, ether and carbon
bisulfide, and less soluble in acetone, petroleum ether, benzene, and glacial
acetic acid. Cholesterol has an iodine number of 68.2.

Cholesterol is an important component of lanolin and is said to stimu-
late hair growth. Associated with cholesterol in lanolin is another sterol,
7 : 8-dihydrocholesterol [Cqr114;(OH), m. 142-143°], which when subjected
to ultraviolet light can be activated to a form of vitamin D (vitamin D;).
Dihydrocholesterol is dextro-rotary, [a]p 28.8.

Isomeric forms of the zoosterols, such as iso-cholesterol (m. 140°), arc
dextro-rotary, whercas cholesterol is levo-rotary, [ajn —38.8. The zoé-
sterols are found in liquid marine waxes.

In the vegetable kingdom there exist the corresponding cyclic alcohols,
known as phytosterols; of these sitosterol [C,Ha,o(OH)] is the most widely
distributed. Sitosterol [CyHyy(OH)] crystallizes in tufts of stumpy needles

(m. 138°). Itislevo-rotary [a%(—) = — 19.5]. In 1934 Bergmann! was able

to show that a zoosterol known as ostreasterol, found in mollusks, yielded
upon reduction, ostreastanol the same as sitostanol, CyoH;1(OH), obtained
in reducing sitosterol. To quote Bergmann, “‘the fact that ostrcastanol
is identical with sitostanol must be regarded as very significant because
this is the first time that a sterol obtained from animal sources has been
converted into a typical sterol of plant origin. It raises the question, there-
fore, whether a strict line can be drawn at all between zodsterols and phyto-
sterols.”” 'The formula of ostreasterol [C:sH47(OH)], is isomeric with stig-
masterol, a phytosterol found in sugar cane. Paracholesterol [CoHs(OH)],
is found in wheat oil. It crystallizes from ether in silky needles (m. 134-
134.5°). Sometimes a name is given to what seems to be a new sterol but
later proves to be a complex mixture of sterols, e.g., in the case of asteria-
sterol of the starfish.

Sterols with a double unsaturated group replaced by H atoms in the
chemical structure, such as -cholestanol (Cy7H47(OH), m. 128-9°] are known
as dihydrosterols [CaHsa-7(OH)]. Clionasterol, which is 5 : 6-dihydro-
stigmasterol, with but one double bond, is found in sponges. In plant life
a new sterol, arisaesterol (m. 135°) was discovered by Marion! in the corms
of the jack-in-the-pulpit, Arisaema triphyllum (L) Schott. It has the
formula CgHe(OH),, and is a dihydrozysterol, of type CoHsa—10(OH)s.

A sterol that is highly unsaturated is to be found in ergosterol, a con-
stituent of the ergot in rye. Ergosterol has the formula CesHi(OH) - H,O,
of the type C,Hj,_13(OH), to which agnosterol [CsH(OH)] of wool fat
belongs. Ergosterol crystallizes in monoclinic needles with an m.p. of 165°.
Although ergosterol is a plant sterol about, 0.01 per cent has already been
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found in wool wax alcohols. Ergosterol differs from cholesterol in having
two extra double honds, one being in the side chain.

Sterols are derivatives of cyclopentanperhydrophenanthrene and arc
chemically related to the bile acids and sex hormones. The skeletal
formula given below is common to all the sterols in its cyclopenteno-
phenanthrene ring structure.

CH, moo o,
ti—cn—c—bu-¢n
22 23 24 ‘\‘
A CHs
I/ \’
y@ o

8
5 7
HO‘L . « denotes CH, group instead of the
v regular CH group.

By replacing the single bond with a double bond in ring position 5 : 6
and replacing R in position 24 with H, we would have the structural
formula of cholesterol. By replacing the single bond of cholesterol with a
double bond in the 7 : 8 position, and providing a double bond for the
22 : 23 position in the side chain, making 3 double bonds in all, we would
have ergosterol. The substitution of a double for a single bond requires
the elimination of two hydrogen atoms.

Esters of Sterols. Cholesterol forms an ester (m. 79° after sintering)
with lauric acid, an ester (m. 78°) with myristic acid, an ester (m. 77-79°)
with palmitic acid, an ester (m. 82°) with stearic acid, and an ester (m.
85.5°) with cerotic acid. Cholesteryl oleate crystallizes in thin needles
{(m. 42°). Cholesteryl palmitate crystallizes in both plates and long needles.
Cholesteryl stearate crystallizes in short needles.

Monobasic Fat and Wax Acids

Each saturated straight-chain hydrocarbon has a corresponding acid.
If the carboxylic group is attached to the terminal carbon atom, the acid is
referred to as a normal acid, and is simply written n-acid. For example,
n-octane yields n-caprylic acid (n-CsHs0s), which may be written CH;-
(CHz)s- COOH or H(CH,);- COOH, or in any convenient manner to show a
continuation chain of simple CH; linkages throughout to the terminal
carbon atoms. The empirical formula for the series of acids is CaH2,0,.

Although the texts often state that the monobasic acids with an even
number of carbon atoms are those that are almost entirely associated with
natural oils, fats and waxes, this statement is not strictly true with respect
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to the waxcs, as recent research into their constitution shows that there
are a few wax acids with an odd number of carbons.
The following is a brief description of the appearance of the solid
saturated acids encountered in oils, fats and waxes.
Caprylic acid (CsHi40:) crystallizes in the cold in leaflets which melt at 16.5°.
Caprie acid (CyoHyO:) crystallizes in fine leaflets, and in colorless needles.
Umbellulic acid (C;;H3z:0:) crystallizes in leaflets.
Lauric acid (Cj;H20.) crystallizes from ethanol in needles.
Miyristic acid (C;(Hss0:) crystallizes in leaflets.
Palmitic acid (C;eH30:) crystallizes from hot ethanol in fine needles and in pearly scales

when absolutely pure.

Margaric acid (C;yHsO:) crystallizes from ethanol in rhombic lamellas, melts at 59.8°;
daturic acid (isomer) 54.5°,

Stearic acid (Ci;sH0:) crystallizes in leaflets, m. 69.3°.

Arachidic acid (CHwO:) crystallizes in lustrous scales, m. 76.3°.

Behebic acid (C:xHyO;) crystallizes in colorless needles, m. 80.7°.

Ligggceric acid (CyHgO:) crystallizes in colorless needles from alcohol, and melts at

20

Cerotic acid (C;HsO:2) crystallizes in micro-needles from alcohol, and melts at 84.2°,
when the acid has been synthesized.

Carboceric acid (CyyHgO:) crystallizes from ethyl acetate in needles, m. 82°,

Neomontanic acid (CysHseQ:) crystallizes in glistening scales, m. 86°.

Myricinic acid (CiHeO2) crystallizes in silky scales.

Melissic acid (Cy1Hs20:) crystallizes in needles from alcohol, or rhombic plates (lozenges)
from benzene.

Lacceric acid (CasHeOs) crystallizes from benzene in lozenges.

Most of the higher saturated aliphatic acids and their derivatives when pure assume the
form of lozenge-shaped, microplates whose small diagonal divides them into two
equilateral triangles.

Unit Cell Crystal Structure of Wax Acids. The crystal cells of
myristic, palmitic, stearic acid, ete., are monoclinic prismatic, and contain
four molecules, which have been considered as hybrids of dimers, in which
there are resonating hydrogen bonds. The hybrids are attached by the
CO linkage of the COOH groups. The long hybrid cells are bundled, and
at the end appear to have an elliptical cross-section. The length of the
dimer of palmitic acid is 39.93 X 10~8 ¢cm (39.93 A.U.), or double that of the
molecule, 19.60 A.U. ; the first measurement is from x-ray observation,
and the second by surface tension measurements made by Langmuir.® The
bond between the CH, groups is 1.21 A.U. in length, and shortens slightly
for higher acids in the series. The full dimensions of the crystal cell (4
molecules) of stearic acid as given by Alex Miiller are a = 5.546, b="7.381,
c=48.84 A.U., 3=63.38. The latter is the angle that the ¢ axis is inclined
from the basal plane. Crystals of stearic acid represent a recrystalliza-
tion of the pure acid from carbon bisulfide.

Isomers of Wax Acids. In Table 5 (p. 22) the empirical formula for
the acid is given, so that each fat or wax acid may at a glance be referred
back to its hydrocarbon in Table 1. The increment between the melting
points is connoted by staggering the odd carbon acids from the even ones.
Common or distinctive names are given when possible for the normal chain
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acids, and also for those forked-chain isomeric acids that occur in the
natural state in waxes.

Most texts list the acids found in waxes as n-aliphatic fatty acids.
Studies of Francis and his associates tend to show that the pure n-aliphatic
acids, prepared synthetically, do not always correspond, in melting point
or other physical properties, to similar acids with the same number of
carbon atoms isolated from natural waxes. This brings up the questions
whether the fat or wax acids isolated are really in the pure form, whether
they are mixtures of homologs exhibiting a binary molecular form, or
whether they are simply forked-chain isomers. To illustrate the point in
question: texts list cerotic acid, a C acid, as n-CysHsO,. The latter is
1-hexacosanic_acid with a melting point of 87.8°; its homologs, n-Cy and
n-Cq; acids, melt at 83.5° and 87.0° respectively. Repeated crystalliza-
tions of the cerotic acid isolated from natural waxes never yield a purified
cerotic acid of as high a melting point as the n-acid. It is not improbable
that the Cq cerotic acid might exhibit a bimolecular state, in which case
the melting point would be abnormally low (see p. 24). Molecular weight
determinations seem to substantiate this hypothesis.

The cerotic acid of scale-insect waxes is a C,7 acid, as confirmed by
many investigators; the name cerofic was first given to a Css acid, which
later became known as hyaenic acid (m. 77.8°). Gascard assigned the
name neocerolic to the Co; cerotic, and carbocerotic to the Cay cerotic. The
name 1socerolic infrequently appears in chemical literature for the Coy acid.

Although molecular distillation has not substantiated the existence
of anything but acids with an even number of carbon atoms in their
make-up for the wax esters, there does exist substantial evidence that the
free acids in the natural waxes may have an odd or even number of carbon
atoms. The acidsin the esters generally have an even number. The melt-
ing points of the cerotic acids range from 77.8° to 82.5° in their purified
state. Cerotic acid, in its broad sense, is one of the oldest wax acids known,
and yet uncertainty surrounding its constitution has not been entirely
cleared (see p. 23). For convenience, the Cy cerotic is referred to as
cerotic acid (a), the Cqs cerotic as (b), and the C,; cerotic as (c).

Yamazaki® in 1941 reported a melting point of 77.5-78° for the cerotic
acid obtained by the oxidation of the ceryl alcohol (a) (m. 75-76°) isolated
from beeswax. According to Lewkowitsch,® pure cerotic acid crystallizes
from alcohol in stellate microscopic needles, melting at 77.8°; from benzene
in dense laminae; and from ether in tabular masses consisting of large
aggregated needles. He states that in Riggs’ opinion a cerotic acid which
crystallizes in ncedles must still be considered as impure, the criterion of
purity being crystallization in pearly scales (nacreous crystalline plates).
The melting point of the strictly pure Cs cerotic acid is not stated, but in
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the light of more recent knowledge it appears to be 79° when crystallized
from a non-polar solvent.

Kiesel®, in a classical experiment in 1925, isolated a pure wax acid from
the spores of Aspidium filiz-mas and Asplenium filiz-foemina, L., both
species of ferns. The acid had a melting point of 85 to 85.5°. From
beeswax after tedious recrystallizations from alcohol, then from ether,
followed by preparation of the K salt and crystallization of this from
alcohol, he was able to secure what he firmly believed to be cerotic acid with
a melting point of 83 to 84°. The acid from the fern spores did not depress
the melting point of the acid from beeswax and was thus proved pure.

Positioning Acids in Series by Interplanar X-ray Spacings. In
plotting the melting points of the fatty acid series there are two curves
which run quite parallel, one for the acids with an even number of carbons,
the other for the odd. The reason for this phenomenon is apparently
linked with that of the structure of the unit crystal cell of the acid. The
melting point of the odd-carbon acid is close to that of its lower even-
carbon homolog, and the same holds true of the crystal spacings. For
example,

Melting Point
©C) C Spacing (x-ray)d-

e Acid

Palmitic Cie 62.9 35.6 X 1078 cm
Margaric Ci 61.3 36.9
Stearic (& 69.9 39.7
Mixed dimer Che, Cis 57.9 38.8

The equimolar copolymer of palmitic and. stearic has a somewhat
higher d-(long axis) spacing than n-margaric acid, but a much lower melting
point.

Francis® attempted to show that the lignoceric acid of beechwood tar
is the same as the normal synthetic lignoceric acid, n-CyHys0., and that
the iso-lignoceric acid described by Brigl and Fuchs is in reality a mixture
of homologs. Francis found the x-ray spacings of n-lignoceric acid to be
58.5and 52.8 A.U. , both specimens melting at 83.4°. The acid from beech-
wood tar also melted at 83.4°, and its spacings were 58.4 and 52.7 AU.
The iso-lignoceric acid of Brigl and Fuchs, gave two spacings (pressed on
slide) 57.2 and (melted) 52.52 A.U., and a melting point of only 74.5°.
Francis concluded that the latter is a mixture of Cy and Cy acids. At
the same time he stated that the spacings of an equimolar mixture of these
two acids are 57.5 and 52.0 A.U., but the melting point is 79.8°. The
melting point of 74.5° could indicate that the acid of Brigl and Fuchs is a
mixture of the copolymers Cq, Cy and Cyy, Cag, since these acids would show
a depressed melting point of that degree. On the other hand, Meyer,
Brod and Soyka®, from their extensive study of lignoceric acid obtained
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from peanut oil and heechwood tar, definitely conclude that natural
lignoceric acid does not have a normal chain.

Any acid of the fat and wax acid series falls into onc of the three follow-
ing classes: (1) normal, (2) mixed dimer; and (3) isomer (CH; group not
in the 1-position). (Tables 5 and 6). The (3) type of isomer should
show a shorter axis of the unit cell and a lower melting point. It is
obvious that the so-called iso-lignoceric acid would fall in class (2).

The following are the interplanar x-ray spacings of the fat and wax
acids. B spacings are for crystals from a non-polar solvent, and C for the
melts. Figures are in Angstrom units (A.U.) 10-8 ¢m, for d, crystal spac-
ings. :

N-Acids B@A.U) cAuw

e palmitic 39.1 35.6

' margaric 4.4 36.9

iy stearic 43.7 39.7 (39.9)
(' nonadecylie - 40.8

o arachidic 48.4 44.3

'y medullic 49,2 45.0

Yy behenic 52.9 48.3

C tricosanic 53.4 50.3

(@ lignoceric 57.7 52.6

(M pentacosanie e 53.5

Clag hexacosanic 62,2 56.2 (56.6)
Clyy octacosanic 67.1 61.0

(") triacontanic 71.4 65.7

(o™ lacceric 76.3 69.2

e tetratrincontanice 80.5 73.3

Chg hexatriacontanic 85.2 78.1

('ay octatriacontanic 90.0 82.1

(4 hexatetracontanic 108.2 99.0

Chigy Cig bimolecular compound o 38.85*%

* (Francis, Collins, and Piper)

Crystals of acids containing an even number of carbon atoms obtained
by deposition from such non-polar solvents as dimethyl ketone or benzene
show the B crystal spacings, whereas from ethanol they give the C spacing
only; acids containing an odd number of carbon atoms show the B spac-
ings irrespective of the solvent used in their preparation.

The Fat and Wax Acids and Their Natural Occurrence. The acids
of the n-C,H,,0, series, with the lower number of carbon atoms, not given
in Table 5, are as follows: Formic (C;), acetic (C,), propionic (Cs), butyric
(C4), valeric (Cy), caproic (Cs), heptoic (C3), caprylic (Cs), and nonylic
(Cy).

The association of the fatty acids, or fat and wax acids, with well
known fats and waxes is of particular interest. Butyric acid is associated
with butter; caproic acid with coconut oil; caprylic acid with human fat;
capric acid with coconut fat; lauric acid with palm kernel and sperm head
oil; myristic acid with spermaceti, coconut oil and wool wax; palmitic acid



22 THE CHEMISTRY AND TECHNOLOGY OF WAXES
Table 5. Solid Straight-Chain Saturated IFat and Wax Acids

M. P. B. P,
N-Acd CnH1aOs (°C) (°C) Density/°C
Capric C1oH20: 31.4 269/760 mm 0.8858(40)
Undecylie CiHz0, 28.0 284/760 mm 0.8889(30)
228/160 mm
Lauric Ci2:H O, 43.8 225/100 mm 0.8744(45)
130.5/1 mm
Tridecylic CmHzaOz 40.5 236/100 mm 0.8458(80)
Myristic CuHs0; 54.4 250/100 mm 0.8533(70)
149/1 mm
Pentadecylic Ci1sH300: 52.1 266/100 mm 0.8423(80)
Palmitlc CuH;z()z 62.9 215/15 mm 0.8500(68)
167/1 mm
Margaric CyHuO: 61.3 224/15 mm 0.8396(80)
Stearic C1sH3s0: 69.9 303/100 mm 0.8325(100)
232/15 mm
160/1 mm
Nonadecylic Ci1sH0: 69.0 249/15 mm —_—
Arachidic Ca0H 02 75.4 328/100 mm 0.8240(100)
205/1 mm
Medullic CauHe0: 75.0 —_— —_
Behenic CaHyO, 81.0 306/60 mm 0.8221(100)
Lignoceric CauHe0: 85.0 0.8207(100)
Hexacosanic CasH 50, 87.7 0.8198(100)
Octacosanic CasHeO 90.9 0.8191(100)
Triacontanic CioHegoO, 93.6 0.8085(100)
Lacccr ic CazIIaOz 96.2
Tetratriacontanic CyHes 02 98.2
Hexatriacontanic CisH720, 99.9
Octatriacontanic CasH760; 101.6
Tetracontanic CowHgo0: 103.5

Hexatetracontanic CHg0: 115.0 (107.1)

with many vegetable oils and waxes; stearic acid with beef fat; arachidic acid
with peanut oil; behenic acid with oil of ben; lignoceric actd with many seed
fats, and with rotten oak wood; carnaubic (isomer of lignoceric) and
myricinic acids with carnauba wax; cerotic, montanic and melissic acids with
beeswax; lacceric acid with “‘stick-lac”’; and geddic acid with Ghedda wax.
Carbocerotic acid (Ca7HgO; m. 82.5°) is found in Chinese insect wax.

Francis, King, and Willis?® prepared a saturated monobasic acid with
as many as 46 carbon atoms, »z., hexatetracontanic acid [H(CH,) - COOH
m. 115°]. The hezatriacontanic acid [H(CH,)s;- COOH] which they pre-
pared melted at 99.9°. The melting points of these saturated fatty acids
rise in direct proportion to the increase in the number of carbon atoms.

In the unsaturated fatty acids, or poly-ethanoid acids as they are now
called, the melting point decreases with, the number (increase) of double
bonds, but both the specific gravity and the index of refraction increase.
Most of the higher members of the series are found in the marine oils and
in vegetable drying oils. They are seldom constituents of waxes, except
the so-called liquid waxes, and as minor components in the form of glycerides
in waxy matters extracted from plant material.
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Table 6. Forked-Chain Isomers of the Saturated
Monobasic Acids (Wax Series) C,11,,0,

M.P. M.P.
N-Acid Formula (°C) Isomer (°C)
Behenic C2HyO: 81.0 Isobehenic 75.5%, 76.5b
Tricosanic CuHO: 80.0
Pisang-ceric 71.0
Lignoceric CaHyO: 85.0 Iso-lignoceric? 73.5
Carnaubic 72.5, 72¢
. Hyaenic, Cerotic (a)® 78 or
Pentacosanic C2H00: 84.0 {Neocero tic 78
. (Cerotic (b)! 79-81
Hexacosanic CaeH;20: 87.8 1 Lanocerotic 78
Pseudocerotic 83¢
. Carbocerotic, Cerotic(c)? 82,51
Heptacosanic CrHuO: 87.0 {Isocerotic, carbocerici 82.0
. Neomontanick 86
Octacosanic CasH602 91.0 {Pseu domontanic 83
Nonacosanic CxH 0. 90.3 Montanic 86.8!, or 85.0m
Triacontanic CioHeO2 93.6 Myricinic 86.0
Hentriacontanic CuHg0: 92.8 Melissicn 90, 91
. Psyllice 94
Lacceric CyHuO: 96.0 { Iso-laccericP 89
Triatriacontanic CssHesO2 95.3 Ceromelissic 93.5, 94.09
Tetratriacontanic CaHasO: 97.8 Geddic 94.9
Pentatriacontanic C3:H70: 97.0 Ceroplastic 969

» M.p. by Meyer; b by Shriner; ¢ by Betrabet; 4 Brigl; ¢ refers to the Cy; acid (neocero-
tic of Gascard); ! refers to the Cy acid of Henriques; ¢ m.p. by Damoy; ! refers to the
Cq acid of Brodie who discovered it; i m.p. by Gascard; ' by Tropsch; k by Ludecke;
.K by Tropsch; =™ by Meyer; » named by Gascard; ° of Sundwik; » m.p. by Holde; 9 by

oyama.

Identification of Cerotic Acid. The identification of what does and
what does not constitute cerotic acid in the natural waxes has always been
a subject of considerable discussion. A review of the history of the cerotic
acids was given by Francis ef al.? Brodie in 1848 considered that cerotic
acid has a carbon content of 27. Schalfejew in 1876 confirmed that view,
but found the presence of another acid in beeswax with a carbon content
of 34 and a melting point of 91°. Nafzger®® in 1884 concluded that the
acid of beeswax was chiefly composed (excluding combined palmitic acid)
of one with a carbon content of either 26 or 27, and that the higher acid
present was either Cs, or C;. Marie in 1896 contended that the cerotic
acid in question was really mixed with melissic acid, the former (CesHyoOz)
melting at 77.9° and the latter (Cs;HeO:) at 90.° In 1897 Henriques put
forth his claim hat cerotic acid, 78.5°, is unquestionably CgsH;,0,, which
view is now generally accepted, with certain reservations. Kiesel® in
1925 thought the values of the melting points given for cerotic acid were
toolow. He attempted to isolate cerotic acid from the spores of two species
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of ferns, and found that the acids melted at 85 to 85.5°, a closer approach
to the melting point of synthetic Cy acid (see p. 20).

The difficulty of isolating the Cs acid from its homologs forming
dimeric acids is illustrated by the following. Francis, Piper, and Malkin3
in 1930 studied cerotic acid isolated from beeswax and prepared it by
oxidation of paraffin wax and n-triacontane. They also prepared cerotic
acid from carnauba wax and from Chinese insect wax. The acids of the
beeswax had been converted into their methyl esters and fractionated, the
fraction boiled between 245° and 255° at 3 mm, melted at 58°, and gave an
acid which, after crystallization twice from carbon tetrachloride, melted
at 77.5°. Repurification resulted in a melting point of 78.5°. Cerotic
acid prepared from paraffin had a melting point of 80°. Acids obtained
from carnauba wax had melting points of 76.5° to 81°; those from Chinese
insect wax melted at 82.5° after purification (see p. 63).

Melting Point Depressions of Homologs of Fat and Wax Acids. When
one fatty acid is mixed with another, the melting point of the mixture is
lower than that of the lower-melting constituent, the acids forming a sort
of eutectic. For example, Cy acid melts at 48.3° and Cj; acid at 51.4°%;
but the mixture of unimolar weights of these two acids melts at 42.6°.
This differential is symbolized in the literature as A m.p.; in the case of
lower acid mixtures of C, with C,, acids, this value is about 3° to 6°, when
the lower-melting acid has an even number of carbons; there is little or no
differential when the lower-melting acid has an odd number. The A m.p. for
mixtures of C, with C,,. acids is about 4° to 6°, when the lower-melting
acid has an even number of carbons; it is 2.5° to 5° when the lower-melting
or lower homolog acid has an odd number of carbon atoms. For example,
Cia is 70.1° m.p., and Cy is 75.1° m.p., the mixture of Cis and Cg in uni-
molar weights actually melts at 64.6°, or A m.p. is 5.5°. However, for C;
and Cy it is only 2.5°,

According to this reasoning, were there unimolar mixtures of the n-acids
pentacosanic (m. 84°) and heptacosanic (m. 87°), we would have an acid of

"o formula that would have a melting paint of about 80°, which is more or
less the melting point of cerotic acid.

Hilditchbs says that the tendency for the different fatty acids to form an
equivalent complex is readily understood when we remember that the
crystal unit of the solid fatty acids has been definitely shown by x-ray
analysis to be made up of two molecules of fatty acid apparently arranged
with their free acidic groups oriented toward each other, whereas the esters
of the acids are monomolecular in the solid state. There is some evidence
to show that the liquid (unsaturated) higher fatty acids also pass into a
bimolecular form. (The crystal cell of the saturated acid has four mole-
cules. The dimer referred to has a hybrid. See p. 23).
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Unsaturated Aliphatic Acids.
cant role in the chemistry of waxes as contrasted to their great importance

in the chemistry of oils.

Unsaturated acids play an insignifi-

This is largely because unsaturated wax acids

Table 7. Unsaturated Aliphatic Acids

Normal Isomers
CioH1s0: 9-decenoic, m. < 0° b, 142° obtusilic (4-decenoic)
7-decenoic (of sperm oil)
CuH»%0: 9-hendecenoic, m, 24.5°, b, 260°
CH;-CH : CH(CHz);- COOH
Ci2H20: lauroleic, m. 12°, b.y; 155° 3-dodecenoic
linderic (4-dodecenoic), m. 1.2°
11-dodecenoic, m. 19°, by, 139°
CisH20; 9-tridecenoic 12-tridecenoic, m. 38°, by 185°
5-physeteric (of sperm oil)
CiuH0.: myristoleic (of marine oils) tsuzuic (4-tetradecenoic), m. 20°
13-pentadecenoic, m. 42°
CysHx0: 9-pentadecenoic 14-pentadecenoic, m. 50°, bs 195°
Ci1sHx0;3 palmitoleic, m. 33° hypogaic (2-hexadecenoic), m. 60°
(of jojoba oil) gaidic (trans-9-hexadecenoic), m. 30°
(stable form m. 41°) hysetoleic, m. 30° (of sperm oil)
yeopodic
CuHuO; oleic, m. 13.3° petroselenic (6-octadecenoic), m. 34°
(stable form m. 16.3°) elaitziic (trans-9-octadecenoic), m. 51—
5l -]
elaidinic (10-octadecenoic), m. 43.7°
vaccenic (11-octadecenoic), m. 40°
13-octadecenoic, m. 41-43°
petroselidinic, m. 5§2.7°
cheiranthie, m. 30°
doeglic, m. 4° (of marine oils)
CiHsQ: jecoleic 17-nondecenoic
CpHyuO: 9-eicosenoic, m. 68° cis-gadoleic, m. 24.5° (trans-m. 53-54°)
(of jojoba oil) isogadoleic, m. 65.8°
gondoic, m. 32.5-24° (marine oils)
CpHO:; isoerucic, m. 54.8° cetoleic (11-docosenoic)
(of rapeseed oil) erucic (cis-13-docosenoic), m. 33.8°
brassidic (trans-13- ) m. 60.8° (stable
form m. 65-66°)
CuHisO:  9-tetracosenoic cis-5-tetracosenoic, m. 70.6°

trans-5-tetracosenoic, m. 41.1°

cis-selacholeic (15-tetracosenoic), m.
44-45°

trans-selacholeic, m. 66-67°.

(of over 24 carbon atoms) are substantially non-existent; therefore we
must look to the liquid waxes for the presence of the unsaturated fat acids
in significant amounts. In the acrylic series, C,Hs.-20,, oleic acid, is
commonly found in very small amounts in vegetable waxes, and in larger
amounts in the marine oils, quite a few of which are considered as liquid
waxes. When oleic acid is carefully oxidized it yields pelargonic acid
[CHy- (CHg)7- COOH] and azelaic acid [HOOC - (CH,);- COOH], and hence
the constitutional formula of oleic acid must be CH;(CHz);-CH : CH(CHb,),
-COOH. Oleic acid crystallizes in needles, (m. 13.3°) and oxidizes with
alkaline permanganate to dihydroxystearic acid. Oleic acid on reduction
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yields stearic acid. Palmitoleic acid, the Cy acid, behaves like oleic acid.
This acid is also referred to as hypogoeic, and crystallizes in needles (m. 33°);
it is oxidizable in air, forming volatile acids of a rancid odor. Elaidic acid
(Cis) crystallizes from ethanol in leaflets. Iso-oleic crystallizes from ether
in transparent tablets (m. 44—45°). Erucic acid (Cz) crystallizes in long
needles from ethanol. Linoleic acid, the Cis acid with two double bonds,
and linolenic with three double bonds often accompany oleic acid in fruit
and flower waxes.

Steroisomerism of Acids. In the monoethylenic series, isomers are
plentiful because of the shifting of the double bond which takes place,
often by the mere application of gentle heat, and also becausc of the
steroisomerism (cts-trans) at the position of the double bond.

Table 7 arbitrarily lists the c2s-9 acids as normal, and refers to the others

as isomers.

Dibasic Acids

Dibasic acids of high molecular weight, are not often encountered in
waxes, but they do play an important part in plant metamorphosis, as do
the dihydric alcohols from which they are derived. With the loss of CO,
they occur as wax acids, but occasionally as esters as in japan wax. The
dibasic acids are solid, crystalline compounds of strongly acid character
and are partially soluble in water. When heated, they either yield an
anhydride, or carbon dioxide is liberated with the formation of a mono-
basic acid. Most of the dibasic acids can be volatilized wn vacuo.

The behavior of the dibasic acids with an odd number of carbons differs
from that of the even-numbered acids. In scanning the series of acids
enumerated in Table 8 it will be at once apparent that the melting point
of the first odd-acid is fairly low, and that the melting points gradually
increase with each succeeding odd-acid, whereas with the even-acids the
first acid starts with a high melting point and the melting points rapidly
descend as we go up in the series. This causes the series to converge at
about 123, with acids of 32 or less carbon atoms. The higher molecular
acids become increasingly unstable to heat. An explanation of the
phenomenon is to be found to some extent in the nature of the crystal cell
of the dibasic acids.

The unit cell crystal spacings of the dibasic acids, as determined by
Caspari by the x-ray rotating or oscillating crystal method, show that the
acids with an even number of ethylenic (CH) groups have two moles to
the crystal cell, whereas the odd-nunibered acids have four moles tightly
packed. The unit cells have nearly constant a and b axes; as regards the
c axis, the acids fall into two groups, one having the moles of an even num-
ber of C atoms, the other those of an odd number. The ¢ axis of the even-
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Name
Glutaric
Adipic
(1-4 butane dicarboxylic)
Pimelic
Suberic
Azelaic

Sebasic
(decandioic 1 : 10)
Undecandioic
Dodecandioic
Brassylic
Tetradecandioic
Pentadecandioic
Thapsic
(tetradecane dicarboxylic)
Roccelic
Octadecandioic
Nonadecandioic
Eicosandioic
Japanic

Table 8. Saturated Dibasic Acids

CaHazn 204
(CHa)s- (COOH)s
(CH:),- (COOH),

(CHa2)s- (COOH),
(CHa)s: (COOH),
(CH,);- (COOH),

(CH,)s- (COOH),

(CHa)e- (COOH),
(CHa)10: (COOH).
(CHs)un - (COOH):
(CHs)y2: (COOH),
(CHa)is+ (COOH),
(CHz)xc -(COOH);

(CHa)1- (COOH),
(CHs)is- (COOH)s
(CHy)yr- (COOH ),
(CHa)is- (COOH),
(CHa)ys: (COOH):

(nonadecane-1,19-dicarboxylic)

Docosandioic

(eicosane dicarboxylic)
Tricosandioic
Tetracosandioic
Carnaubandioic
Hexacosandioic
Octacosandioic
Dotriacontandioic (1, 32)

(CHa)n - (COOH).
(CHa)ai - (COOH).

(
(CHi)so: (COOH),

Chain length
A.u)

10.02 (1)

22.12 (2)
12.58 (1)
27.14 (2)

15.02 (1)

37.95 (2)

25.10 (1)

27
M. DI B. P,
(°C) °C)

97.5 304,760 mm
153.0 2657100 mm
105.5 272/100 mm
140.0 279/100 mm
108.0 360/760 mm

237/215 mm
133.0 295/100 mm
243/15 mm
110.0
129.0 (125.5)
112.5
126.5 (121.0)
113.5 (computed)
125.0
115.0
124.0
116.5 106/0 mm
124-5 113/0 mm
117.5 (113.0) 117/0 mm
(118-120)
123.5 (126)
(124--5)
118.5
123.0 (127.0)
102.5 (isomer)
123.0
123-5 278/15 mm
123*

*D. A. Fairweather, Proc. Roy. Soc. Edinburgh, 45, 283-5 (1925).

numbered moles is proportional in length to the number of C atoms; for
the odd-numbered moles it is proportional to twice the number of C atoms.
In the latter group, two molecules lie end to end in the cell along the ¢

axis. Examples of the unit cell construction are:
A.U. length (10-* cm) Moles per
Acid a b ¢ B-angle unit cell
Cio Sebasic 10.05 4.96 15.02 133° 50’ 2
Cy; Brassylic 9.63 4.82 37.95 128° 20’ 4
Cu Octadecandioic 9.76 4.92 25.10 131° 10’ 2

Mean difference of 1.53 &.U. between carbons

The dibasic acids listed in Table 8 are normal, but many isomers exist.
Generally speaking, those acids having 15 or more carbons are the ones
occurring in waxes. The first of these is (CHg)is- (COOH)., a dibasic acid,
also referred to as triadecamethylenedicarboxylic or pentadecandioic acid;
it has two well known isomers: diisobutyl pimelic and diisoamyl glutaric
acids. The Cy acid, thapstc, has an isomer, as do roccelic and octadecan-
dioic. Nonadecandioic [(CHz)z- (COOH),] has two isomers, cetyl malonic
and dioctyl malonic. Japanic acid has an isomer known as octadecyl
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malonic. The Cy, acid is known only in the normal state, whereas the Ces
acid occurs only in the isomeric state, eicosyl malonic acid. The Cy acid
is known as the isomer, didecyl succinic acid. The Cqs acid, carnaubandioze,
is reported as having been obtained by the oxidation of the dihydric alcohol,
CyHs20,, from carnauba waz, but its structure has not been fully estab-
lished. The C,; acid is an isomer known as tetracosylmalonic acid
Higher acids are known, e.g., a Cy acid (dicctyl malonie) and a Css acid
(dicetyl adipic acid), which are isomers.

Unsaturated dibasic, hydroxy dibasic, dihydroxy dibasic, and poly-
hydroxy dibasic acids, are more closely allied with sugars and starches, and
are rarely encountered in waxes. Shellolic acid and similar acids found in
shellac and present in shellac wax as an impurity are hydroxy derivatives
of the unsaturated dibasic acids of very high-molecular weight.

Hydroxy Acids. Aliphatic monohydroxy and dihydroxy acids are not
uncommon constituents of the natural waxes. Trihydroxy acids are found
occasionally. Acids having less than 8 carbon atoms do not occur in waxes,
not even liquid ones. When the hydroxy (OH) group adjoins the COOH
group, the acidis called an a-hydroxy acid, if it adjoins the first CH; group
which is attached to the COOH it is called a 8-hydroxy acid; if it is one posi-
tion still farther removed it is called a y-hydroxy acid. When the OH group
is terminal, the hydroxy acid (w-hydroxy acid) acts as an alcohol as well as
an acid. This latter type plays an important role in the metabolism
changes in the conifers, and is to be found in the waxes of conifers accom-
panied by a corresponding lactone. The v and & hydroxy acids are quite
unstable and split off a molecule of water readily to form lactones.

It is simpler to designate the position of the OH group by a number
than by letter of the Greek alphabet. If the first carbon, namely that of
the COOH group, be designated as 1, then a-hydroxy becomes 2-hydroxy;
B-hydroxy, 3-hydroxy, and so on.

The dihydroxy acids have in the past been designated by Greek letter
prefixes as to the position of the OH groups, but are now commonly
designated by numbers. Number 1 position is assigned to the carbon of
the COOH group; hence 2,3,-dihydroxy denotes that thc attachment of
the OH groups is at the two carbon atoms directly adjoining the COOH
group. Dihydroxyacids generally result from the saponification of un-
saturated fatty acids, or are formed when such acids have been oxidized.
As a rule, the melting points increase with the number of oxygens intro-
duced in the molecule, for example:

stearic — 2-hydroxystearic — 6,7-dihydroxystearic — trihydroxystearic —
m, 69.6° m. 91.5° m, 117.5° m. 141°

— tetrahydro;(ystearic(sativic) - hexahydroxystearic(li.nusic)
m. 163.5° m. 203.5°
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An example of a trihydroxy acid is aleuritic acid, a constituent of

shellac wax.

acid.

Total
Number
of
Carbons

(9)

(10)

(1)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

Table 9. Higher Hydroxy and Dihydroxy Acids

Monohydroxy Acids
CnHm(OH) -COOH
2-hydroxynonanic
3-hydroxynonanic
9-hydroxynonanic
2-hydroxydecanic
3-hydroxydecanic
10-hydroxydecanic
2-hydroxyundecanic
4-hydroxyundecanic
11-hydroxyundecanic
2-hydroxydodecanic
3-hydroxydodecanic
4-hydroxydodecanic
12-hydroxydodecanic
(sabinic)
2-hydroxytridecanic
4-hydroxytridecanic
11-hydroxytridecanic
13-hydroxytridecanic
2-hydroxymyristic
3-hydroxymyristic
4-hydroxymyristic
14-hydroxymyristic
2-hydroxypentadecanic
4-hydroxypentadecanic
10-hydroxypentadecanic
11-hydroxypentadecanic
15-hydroxypentadecanic
2-hydroxypalmitic
3-hydroxypalmitic
4-hydroxypalmitic
7-hydroxyhypogaic
10-hydroxypalmitic
11-hydroxypalmitic
16-hydroxypalmitic
(juniperic)
2-hydroxymargaric
4-hydroxymargaric
17-hydroxymargaric
2-hydroxystearic
3-hydroxystearic
4-hydroxystearic
5-hydroxystearic
6-hydroxystearic
7-hydroxystearic
8-hydroxystearic
9-hydroxystearic
10-hydroxystearic
11-hydroxystearic
12-hydroxystearic
13-hydroxystearic
14-hydroxystearic
16-hydroxystearic

M. P.
0

63

51, 48

51.5

67

68

65

72

34

76

76

63

84

79

66

28.5

34
63.7

68.5 ,
95 (92-93)

89
58?7
87.7
91
85
47.5
54.5
58?7
63?7
?
74.5
81-2
76-7
78-9
77-77.5
76.5
87?

Dihydroxy Acids
CnHz2q1(OH) -COOH

2,3-dihydroxydecanic
dihydroxyundecanic

2,3-dihydroxydodecanic
4,5-dihydroxylinderic

dibydroxymyristic
(ipurolic)
5,6-dihydroxymyristic

4,12-dihydroxypentadecanic

2,3-dihydroxypalmitic
3,12-dihydroxypalmitic
7,8-dihydroxyhypogaic

¢18-9,10-dihydroxypalmitic
trans-9,10-dihydroxypalmitic

7,16

2,3-dihydroxymargaric

2,3-dihydroxystearic
ci1s-6,7-dihydroxystearic

trans-6,7-dihydroxystearic

18-7,8-dihydroxystearic
ci8-9,10-dihydroxystearic

trans-9,10-dihydroxystearic

c18-9,12-dihydroxystearic
10,12-dihydroxystearic

Aleuritic acid corresponds to 9, 10, 16-trihydroxypalmitic

M. P,
©C)

121

84-6

115.2
102

127.5
118-9

126
83.4

1156
89.5

124.5
83-4

127-130

126
117.56
122
96.5
98
132
90
116
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Table 9. Higher Hydroxy and Dihydroxy Acids—(Continued)

Total
Number
of Monohydroxy Acids M. P, Dihydrox; Aclds M. P.
Carbons CnHu(OH) -COOH (°C) CaHir1(O (°C)
18-hyduroxystearic 97
(19) 2-hydroxynondecanic 93 dihydroxyjecoleic 128
4-hydroxynondecanic
19-hydroxynondecanic 92(91-91.5)
(20) 2-hydroxycosanic 94 dihydroxygadoleic 128
3-hydroxycosanic ?
20-hydroxycosanic 97.6
(21) 2-hydroxyuncosanic 96
4-hydroxyuncosanic ?
21-hydroxyuncosanic 92.7
(22) 2-hydroxydocosanic 96.5 2,3-dihydroxybehenic 132-3
(phellonic) c1s-13,14-dihydroxybehenic 99-101
3-hydroxycosanic ?
22-hydroxycosanic 98
(24) 2-hydroxytetracosanic 98 -9.5
3-hydroxytetracosanic
24-hydroxytetracosanic ?
(carnaubanoic)
(26) 2-hydroxycerotic 102
(28) 2-hydroxyoctacosanic 104
(30) 2-hydroxycontanic 106 dibydroxymyricinic¢ 140
(lanoceric)
(31) 2-hydroxyuncontanic 110
(cocceric)
(32) 2-hydroxycontanic 108
(33)  33-hydroxytriacontanic 101-2
(pemphygic)

(34) 2-hydroxytetratriacontanic 109-10

Note: 3-hydroxy acids with odd number of ten or more carbons if formed are
unstable and revert to corresponding y-monoethylenic acids. The 34-« acid crystallizes
from benzene with m.p. of 109-110° but on solidification melts at 104-105°, crystal

spacing 77 AU

Lactones

The v- and 8-hydroxy acids lose a mole of water at ordinary temper-
tures, and change more or less completely into simple cyclic esters, the v-
and é-lactones. The a- and B-hydroxy acids do not so change. In the
formation of lactones of the anolide type, the carboxy (COOH) group
enters into reaction with the hydroxy (OH) group, splitting off a mole of
water and forming an anhydride.

Me(CH,);;CHOH - CH,-CH; - COOH — Me(CH,),;- CH-CH,-CH,-CO + H,O
— 00—

y-hydrozybehenic acid y-behenolactone

Unsaturated acids in which the double union occurs in the g8, v or ¥,8
position yield lactones by heat alone.

The higher v saturated lactones are solid, e.g., y-myristo-lactone (1,4-
tetra-decanolide, m. 29°) is accredited as a constituent of beeswax. 1,4-
pentadecanolide melts at 32°. These lactones are fragrant, the 1 4-unde-
canolide (C,;Hz¢0:) having a strong peach-like odor.
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The monocyclic lactones (w-1-lactones) occur in dimeric and trimeric
as well as monomeric form. The monomeric lactones have a low melting
point, the longer-chain lactones much higher ones. The C,, lactone
(monomeric) boils at 67-7578.3 mm and melts at 4-5°; Ci, lactone bo.os
88-90°, m. 26°; Cy lactone bys 176°, m. 41-2°; C,5 lactone by; 188°, m.
35-6°; Cy6 lactone, bys 194°, m. 41-2°; C,; lactone, b o 135-8°; C;5 lactone
bo.s 136-8°, m. 51.2° (also reported as low as 36-7°); Cy lactone bg.
174-6°, m. 35-6°; Cy4 lactone m. 69-70°.

The Cq lactone (behenolactone) is reported to have a melting point of
63.5°; the Ca lactone (cerofolactone) melts at 76°; and the Cso lactone
(myricinolactone) melts at 88°. The latter is a constituent of candelilla
wax, and also appears identical with lanocero-lactone derived from wool
grease. The stearo-lactone of candle material has been reported as having
a melting point of 49°. It is probably a mixture of the monomer, m. 36-7°,
and the dimer, m. 113—4°.

Wax Esters

Alkyl esters resulting from the union of the higher aliphatic alcohols,
and less often with the cyclic alcohols such as the sterols, are the principal
components of the natural waxes. In the metabolism of the organisms
of nature there appecars to be a close relationship of equilibrium between
acid, alcohol, ester and hydrocarbon, the latter as an end residue. Hence
we may expect to encounter all four components in many of the waxes,
although where there is an excess of acid constituents the amount of
alcohols is substantially nil. When the frce acid content is exceedingly
low there is usually a substantial amount of free alcohols. Esters are
monomeric, not dimeric, as are the acids and alcohols. The esters encoun-
tered in nature always have an even number of carbon atoms, although
it is uncertain whether this rule follows for esters having an extremely
high molecular weight. There is apparently a tendency for an acid of odd
carbons to combine with an alcohol of odd carbons to form an ester of an
cven number of carbons, e.g.,

Cully-COOH + HO-CyHy — CuHy-(00-OCxHy + H.O
montanic acid montanyl montanyl montanate water

alcohol

The esters of high molecular weight formed by metamorphosis in
nature are extremely difficult to reproduce in the laboratory. For pur-
poses of identification the acids isolated from waxes can be readily con-
verted to ethyl or other low alkyl esters, and then separated by distillation
and recrystallization. The combining weight of an acid, together with
the melting point, may determine whether the unknown is an acid or a
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hybrid mixture of homologs of the acid, since a mixed dimer will have a
much lower melting point than would otherwise be the case. The boiling
points obtained in a fractional molecular distillation of the lower alkyl
esters are also a means of identification. (See Table 10.)

Melting Points of Alkyl Esters of Palmitic and Stearic Acids.
Whitby® has given the following melting-point constants for the synthet-
ically prepared esters of palmitic and stearic acids, except methyl esters,
which are by Niemann', and the value for n-decyl palmitate.

M. P. (°C)

Palmitic Stearic

methyl 29.0 37.0
ethyl 23.5 33.6
Eropyl 20.4 30.5

utyl 16.9 27.5
amyl 19.4 30.0
iso-amyl 12.5 23.0
octyl 22.5 318
decyl 30.0 —
cetyl 51.6 56.5

The melting points of the alkyl esters rise with an increase in the
number of acyl carbon atoms, and decrease somewhat with an increase in
the molar weight of the alkyl group, e.g., methyl stearate melts at 37°, but
methyl montanate melts at 66°; ethyl montanate melts at 64-65°, and propyl
montanate at 63.5°.

Methyl montanate may be prepared by boiling montanic acid with
methanol in the presence of sulfuric acid. The resulting montanate can
be crystallized in the form of curved needles.

Index of Refraction at 45° for Methyl Esters of the Higher Fatty Acids:
Values by Wyman and Barkenbus

methyl caprylate 1.4069 methyl myristate 1.4281
methyl caprate  1.4161 methyl palmitate 1.4317
methyl laurate 1.4220 methyl stearate 1.4346

Nore: methyl stearate was fractionated through a 10-plate Podbielniak column;
methyl esters of caprylie, caprie, laurie, and myristic through the spinning-band type of
column. (/nd. Eng. Chem. ?Anal. Ed.), 12, 658 (1940).]

Alkyl Esters of Wax Acids. Levene and Taylor® considered the
published melting points of the ethyl esters of the monobasic acids a
trifle low, and established new ones from synthetically prepared esters
(Cis to Cgs). Table 11 is based in part upon their figures and upon those
of Francis. The melting points of the esters that have an odd number of
carbon atoms in the acyl radical are staggered from those of an even num-
ber of carbons since, they fall on slightly different curves when plotted.

It is of interest to note that the boiling points of the esters fall in line,
irrespective of whether the number of carbons is even or odd, which is, of
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Table 10. Esters Occurring in Natural] Waxes

~—CanHinOg*——
No. of Carbons M.P. Molecular

Name of Ester AcylR Alkyl R (°C) Weight
Cetyl laurate (oM Cue 41(C) 424,73
Lauryl myristate Cu Cr2 32 396.68
Myristyl myristate Cue Cu 38 424,73
Cetyl myristate Cu (o 48(C) 452.78
Ceryl myristate Cu 1} 62 593.04
Cetyl palmitate Cus Cie 51.6(W), 53(C) 480.83
Octadecyl] palmitate Cie Cis 55 508.88
Ceryl palmitate Cis >28 69 621.09
Myricyl palmitate Cue Cso 73 676.85
Melissyl margarate Cir Cu 79 705.25
Lauryl stearate Cis Ci2 49 450.76
Cetyl stearate Cis Cis 55, 56.5(W) 508.88
Stearyl stearate Cis Cus 58.5(8), 62 536.93
Ceryl stearate Cu Cu 73(G) 640.14
Myricyl stearate Cus Cso 76(QG) 705.25
Myricyl isobehenate Ca Cuw 82 761.35
Ceryl carnaubate Ca Cas 81(G)(S) 733.30
Ceryl lignocerate Cae Cas 79 733.30
Myricyl tetracosanate Cu Cao 83 789.40
Carnaubyl cerotate Cas Cu 78.5 733.30
Ceryl cerotate (b,b) So6 Cas 84(D) 761.35
Myricyl cerotate (b) Cag Cso 87 817.46
Ceryl cerotate (c,c) Cyr Car 87 789.40
Montanyl cerotate Cn Cn 88 817.46
Melissyl cerotate Cx Cu 86 845.51
Tetracosyl neomontanate Cas Ca 84 761.35
Ceryl montanate (c) Cx Car 87 817.46
Montanyl montanate Cae Cn 85, 89 845.51
Ceryl myricinate Cwn Css 87 817.46
Myricyl myricinate Cw Cso 87, 90.3 873.56
Ceryl melissate (c) Ca Cnr 86(K) 845.51
Melissyl melissate Cs Cu 92.5, 90.5(QG) 901.61
Myricyl laccerate Cs: Can 90, 92.5(Q) 901.61
Lacceryl laccerate Cs Cn 92.5, 95(G) 929.66
Geddyl geddate Cu Cae 98 985.77

If the ceryl gro%» is acyl or alkyl and has 25 C atoms it is referred to as (a); if 26 C
atoms as (b); if 27 C atoms as (c).

(W) = Whitby, (8) = Shinozaki, (G)=Gascard, (D) =Damoy, (K)=Xono, (C)=
Cataline.

*Cy may be r:fkarded as the total number of C atoms, that is, the sum of the C atoms
in the acyl and alkyl radicals of the ester.

course, not true of the melting points. The above melting points are those
of the acids crystallized from ethanol, the points being slightly different
for the B-esters crystallized from a non-polar solvent such as benzene.
It will be observed that the melting points of the methyl esters are higher
than those of the corresponding ethyl esters, but as a rule this is not true
of the boiling points. To illustrate, Toyama!® reported methyl behenate
to melt at 54-55°, and to boil at 224-225°; ethyl behenate to melt at 50-50.5°,
and to boil at 230.1°

The interplanar x-ray crystal spacings of the alkyl esters show chain
lengths which are monomolecular. This makes it possible to purify the
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Table 11.
Acyl
Carbons Acid
16 P.lmitic
17 Margaric
18 Stearic
19 Nondecylic
20 Arachidic
21 Medullic
22 Behenc
23 Tricosanic
24 Lignoceric
25 Pentacosanic
26 Hexacosanic
27 Heptacosanic
28 Neomontanic
29 Montanic
30 Myricinic
31 Melissic
32 Lacceric
33 Tritriacontanic
34 Geddic
35 Pentatriacontanic
36 Hexatriacontanic
37 Heptatriacontanic
38 Octatriacontanic
46 Hexatetracontanic
* Koyama.

Alkyl Esters of Wax Acids
a-Methy! Ester
. B.P
C)————
30.5 154/1 mm 24.2
29.7 170/1 mm 27.0
39.1 180/1 mm 33.6
39.3 188/5 mm 37.0
46.6 206.5/5 mm 42.0
47.6 —_— 45.0
53.3 224/5 min 49.0
54.4 — 52.0
58.4 242/5 mm 56.0
60.0 -— 58.9
63.4 258/5 mm 60.0
65.0 266/5 mm 61.5
67.4 270/5 mm 64.5
69.0 277/5 mm 66.6
7 282/5 mm 69.0
74.5 71.4
74.9 72.5
76.5* 75.0*
77.9 75.4
79.0* 7.7
80.9 78.6
83.1 80.5
91.7 90.2

a-Ethyl Ester

(°C)——

152/0.18 mm
167/0.27 mm
177/0.28 mm
185/0.20 mm
192/0.22 mm
199/0.27 mm
208/0.24 mm
216/0.50 mm
199/0.30 mm

wax acids by preparing their ethyl and other alkyl esters, and then separat-
ing the esters by fractional distillation or by crystallization.

The melting points of the lower group of alkyl esters—methyl, cthyl,
propyl, butyl—are helpful in identifying the acids esterified. These esters

are never found as components of waxes.

The melting points of the

saturated fatty acids are substantially the same as those of the correspond-

ing glycerides, for acids having 10 or more carbon atoms.

the following data:

Caproic
Caprylic
Capric
Lauric
Myristic
Palmitic
Stearic
Cerotic
Oleic
Erucic
Brassidic

----- M. P. (°C)-

Fa'n.t.y acids

-8.0
16.5
31.4
43.6
53.8
62.6
69.3
77.8
14.0
33.5
63.0

Glycerides

-25.0
8.1
31.1
45.7
55.3
64.3
71.6
76.8

This is shown in

- 4.5 (solidifying point)
31.0 (solidifying point)
47.0 (solidifying point)

Higher alkyl esters, such as the higher cetyl esters, can be synthesized

in the following manner:

equimolar amounts of stearic acid and cetyl

alcohol are mixed at atmospheric pressure, and a current of carbon dioxide
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is passed through the mixture. The reaction begins at 220° and is complete
in two hours. The temperature is inercased to 270° to secure a 95 per cent
yield of cetyl stearate.

Polymethylene Acid Alcohols. Hydroxy acids in which the OH
group is at the end have both alcoholic and acidic properties; they are
condensible to etholides in which the terminal OH and COOH groups com-
bine, with elimination of water much in the same manner as in the forma-
tion of esters. For example, the etholide formed from 9-hydroxy nonanic
acid is CH;(OH)(CH,),CO.-CH.(CH;);-COOH (m. 60°). This readily
couples to form a double etholide (m. 71°):

HO,C(CH,);CH;-0,C(CH,);CH;-0,C(CH,);CH;-0,C(CH.); - CH.OH

Etholides are constituents of waxes from perfumed plants and conifers.

Table 12. Molecular Weights and Saponification Values of Glycerides

Molecular Saponification
Name Formula Weight Value
Laurin C3Hy(0- C12H50)s 638.98 263.41
Myrlstin CaHa(O'Cano)a 723.14 232.75
Palmitin Calla(o . CuHalO)a 807.29 208.49
Hydnocarpin C3H(0 - Ci6Hy0)s 795.20 211.66
Stearin C3Hs(0-C1sH350)s 891.45 188.81
Olein (zaHb(O CuHaaO)a 885.40 190.01
Linolin (Jaﬂs(o zlsHuO) 879.35 191.40
Chaulmoogin C3H(O- C 1HnO)s 879.35 190.40
Linolenin C3H(0 - C15H20); 873.31 192,73
Clupanodonin CsH;(0- (,,anO )s 867.26 194.07
Ricinolein CaHs(O CuI‘Iqu)a 933.40 180.32
Arachin (Arachidin) CsHi(0-C20H30:)s 975.61 172.52
Erucin (Behenin) L,H.(O C.Hy0)s 1053.71 159.73
Cerotin C;Hs(o . sz,HMO)a 1218.07 138.18
Myricin CQI{L(O . CwHaoO); 1396.38 120.53
Hydroxystearin C3;Hs(0 - C1sH3502)s 939.44 179.16
Dihydroxystearin CsHs(O- (J..H”O;); 987.44 170.45
Trihydroxy stearin Ca}is(o 18 1.04); 1035.44 162.55
Sativin C,H;(O CmHn,O;)a 1083.44 155.35
Linusin C,H;,(O . C)gHuO"); 1179.44 142.70

Melting points of some of the glycerides are as follows: laurin 45-46.4°;
myristin 54-56.5°; palmitin 63—65.5°; stearin 71.6°; and cerotin 76.5~77°.

Hydroxy Alkyl Esters of Wax Acids. The ester of a hydioxy aliphatic
saturated monocarboxylic acid of 16 to 24 carbon atoms and an aliphatic
monohydric alcohol of similar carbon content has more of the properties
of a natural wax than a similar ester prepared from an acid without the
hydroxy group. An example is octadecyl 12-hydroxy stearate, m. 73°,
which can be prepared, according to Snell and Guiteras,® by melting
hydroxystearic acid with octadecyl alcohol, using para-toluene sulfonic
acid as the activating agent, and then later washing out the catalyst and
recrystallizing the product from warm alcohol. Similarly stearic acid
and 1-12-octadecane diol give 12-hydroxy octadecyl stearate.
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Chapter 3
The Natural Waxes

Part I: Waxes from Insects

Classification and Social Order of Wax-producing Insects

The two principal groupings of the wax-producing insects are (1) the
Apidae, of which the honey bees are the outstanding members; and (2) the
Coccidae to which belong the Coccus ceriferus, the source of Chinese insect
wax, and the Carteria lacca, source of stick-lac.

Apidae. Under the order Apidae there are three genera: (1) the genus
Apis which is of the highest social order, producing the valuable combs of
wax; (2) Melipoma, Trigona and Tetrasoma, all rather small and stingless
bees, their brood cells resembling those of the common wasp, each forming
but a single layer; (3) Bombus, which is otherwise known as the humble
or ‘bumble’”’ bee, which does not swarm like the other bees.

BEEsSWAX
Genus Apis

This is the genus which plays the most important economic role by
furnishing the beeswax of commerce. Under the genus Apis we find a
number of species: the giant bee, Apis dorsata; a medium sized bee, Apis
indica, also of Asia; Apis florea, the tiny East Indian bee; and lastly the
domesticated honey bee, Apis mellifica. The honey bee was originally
named Apis mellifera by Linnaeus in 1758, although he changed the name
later to Apts mellifica to denote the hive-bee specifically. The term A.
mellifera is used in a more general sense to cover honey carriers or bearers.
The Apis mellifica produce honeycombs of almost pure wax, referred to
commercially as ‘‘genuine beeswax.”

There are almost as many races of A. mellifica and its closely allied
varieties as there are countries in which bees are domesticated—that is
all over the world. There are for example, the black bees of Caucasia,
Carniola and Banat; the brown bees of Great Britain and Continental
Europe; the yellow bees indigenous to Cyprus, northern Italy, and the
Holy Land, and generally propagated in the United States; all these exist
in variants or strains with mixed colors. The refined waxes obtained from

37
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these races of A. mellifica differ little in their physical characteristics or
chemical constants.

Besides the official species, other social bees are used as honey makers
and wax producers, e.g., Apis facista in Northern Africa, which inhabits the
floating apiaries of the Nile, and is regarded as the prettiest bee in the
world; Apis adansonii in Senegal; Apis caffra and Apus scutelata in Southern
Africa; Apis unicolor, regarded as the blackest bee, a pure race domesticated
in Madagascar and introduced in other parts of the world. The species
in East India and the Orient produce a different kind of wax from those
above mentioned; it is known as “Ghedda wax.” These East Indian
species, as previously mentioned, are Apis dorsata, Apis florea, and Apis
tndica (see Ghedda Wax p. 50).

Secretion of Wax by Bee. The wax scales are secreted by eight wax
glands on the under side of the abdomen of the worker bee. When first
secreted, the wax, which is derived from the blood of the bee by cell action,
is liquid. The secretion rapidly hardens to a pearly scale, more or less
transparent, like mica. The wax scale is removed from the abdomen by
a hind leg of the insect, and received by the mandible of a co-worker,
where it is chewed with a secretion, before placing the wax wafer in the
cell of & comb. The comb is constructed to a hexagonal pattern (often a
man-made beeswax foundation), which provides structural strength and
maximum economy of space. In the natural comb there are 4.83 cells to
the linear inch, or 825 cells to the square decimeter. The bees are be-
lieved to deploy about eight pounds of honey in order to secrete one pound
of wax.

Rendering of Crude Beeswax. Crude beeswax is* usually rendered
from the frames and from scrapings by melting over hot water or under
solar heat. In the hot-water extraction process the container is partially
filled with boiling water, and the beeswax from broken combs or cappings
added. It is common practice to soak the combs in cold water for several
hours before melting, so that when the wax is melted over the boiling water
it will not be absorbed by its impurities, and the water-soluble substances
will be freely washed out. The melted wax floats on the surface, and is
strained with the water through a wet cloth to remove bee and coccoon
fragments and other foreign matter. Upon cooling, the wax solidifies into
a cake on top of the water; dirt is removed by scraping the bottom of the
cake. The straining can also be accomplished by dragging the mass with
a cheesecloth fastened to a hoop, and permitting the wax to harden on cool-
ing. The cake is then removed.

If the combs are rendered on a large scale the melted wax is removed
from the hot-water container by decantation from the surface, any residue
is placed in layers of straw and pressed to obtain more wax, the straw act-
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ing as a filter. A wax press employing hot water for this purpose is avail-
able on the market. The product so produced is ‘“‘press wax.” High- or
low-pressure steam is a good indirect source of heat for melting wax. The
water used in the melting process should have a low mineral content.
Stainless steel or aluminum is desirable for wax-processing equipment.
Wood or glass makes an excellent container for the manipulation of wax,
which will become contaminated by the use of iron equipment.

In cleanups at wax-rendering plants benzene is used as a solvent for
the wax, and the product resulting after evaporation of the benzene is
known as “‘extraction wax,” which is an impure form. Beeswax is generally
molded in the shape of thick round cakes, but it may also be made in
square and oblong cakes.

Ficure 2. Koster Keunen sunbleached beeswax plant, Sayville, N. Y.

In the “solar extraction process” the crude wax from the cappings can
be rendered by exposing it to the sun in a solar extractor. Sun melting
reduces the intensity of its color and removes soluble contaminating sub-
stances by coagulation. Vansell and Bisson' state that one large producer
in the Sacramento Valley of California, in preparing cappings for solar
extraction, lets the cuttings fall into cloth boxes, which are supported over
a long, shallow draining trough, thus allowing the cappings honey to run
into the general stream from the extractor. As each box becomes filled,
it is slid along the rack and replaced by an empty one. When the cappings
are sufficiently drained of honey, each box is transferred to an individual
solar extractor. A long, narrow extractor could be constructed to accommo-
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date several of these boxes, thus increasing the efficiency of the process.
Galvanized iron is a satisfactory construction material for the solar extrac-
tor.

In preparing the best quality of wax for commerce it is a common
practice to pare off the capping of the honey cells and then place the comb
in a centrifugal machine (extractor), which removes the honey and leaves
the comb undamaged so that it can be replaced in the hive to be refilled by
the bees, and thus save the honey they would use in making a new comb.
Such a prepared wax is of a good grade as it is free from propolis, a green-
ish-brown, resinous substance that the bees use in sealing the cells in the
comb and for attaching it to its support. The bees obtain the resin from
the branches and leaves of the birch, ash, elm, balsam, poplar and other
trees. When a comb has been refilled by the bees several times and is
melted down, the wax is very brown, and strong in odor.

Comb foundations are provided for hive-bees so as not to waste honey;
11 to 3 pounds of wax can be gotten from ten combs when they are scraped.
The largest amount of wax is in the foundation and in the capping, since
the side walls are remarkably thin.

Coloration of Beeswax. Vansell and Bisson'*® of the California Agri-
cultural Experiment Station made a study of the coloration of beeswax.
Freshly secreted beeswax is white, but it readily adsorbs colors from vari-
ous sources. Some pollens carry yellow substances, which are liberated
to the beeswax in either solid or liquid state. A cell in a new bee comb,
as well as the walls of the adjacent cells, becomes very yellow when melted
(in glass) with fresh pollens collected from various plants. It was found
that color was liberated from pollen much more slowly after the grains had
become dry. For example, the color imparted to white beeswax by the
golden pollen of the sunflower, Helianthus bolandert, is a bright orange
yellow; that of the golden pollen of the California poppy & brilliant orange
yellow; that of the bright yellow dandelion, Tarazacum officinale, Weber,
a bright yellow; that of the brown pollen of the white clover, Trifolium
repens, L., only a trace of yellow; that of the pollens of alfalfa, flax, holly-
hock, and many others, none.

Much of the crude beeswax imported from Cuba and other Caribbean
countries is distinctly brown. It has a strong beeswax odor, masked to
some extent by a tobacco-like smell. The pollen of tobacco plants is said
to be responsible for both the off-odor and the off-color of this wax. Bees-
wax from South American sources is often lacking in pronounced color or
odor, even though free from the adulteration by paraffin sometimes found
in Chilean beeswax. Crude beeswax from West Africa has a strong yellow
color and a strong beeswax odor, and comes characteristically blackened
at the edges of the pieces. Some of these characteristics distinguish one
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sample of beeswax from another as to origin. A practice to be condemned
is the artificial manufacture of comb foundations from hydrogenated castor
oil, solid petroleum hydrocarbons, or other false waxes, as such foundations
eventually find their way into the beeswax of commerce as undesirable
impurities.

Sources of Supply of Beeswax. More than fifty years ago Herbig®
attempted to show the world-wide distribution of beeswax in the follow-
ing manner: Europe: Germany, Turkey, Italy, Portugal, and France.
Africa: Egypt, East and West Africa. Asia: Syria, Ceylon, Singapore,
Bombay, Madras, Burma. America: California, Mexico, Cuba, Haiti,
Jamaica, Domingo, Brazil and Chile. It will be noted that the list is a
comprehensive if not complete one. There is no other natural wax known
that has so wide a distribution as beeswax (see Table 13). The United
States imports much of its beeswax from Benguella, West Africa; from
Brazil, Chile, the Caribbean countries, and other Latin American sources
(also see p. 44).

The principal source of wax in the West Coast of Africa is Benguella,
a province of Angola. The extent of the exports of beeswax from these
Portuguese colonies is given by Lepierre and Carvalho® of Lisbon:

Angola 041,372 kilograms
Mozambique 151,747
Guinea 86,836
Timor 32,655
1,212,606

The composition of the beeswax is listed by these authors as cerotic C,s,
melissic Ca1, montanic Cag, neocerotic Cys acids, corresponding aleohols, and
the hydrocarbons Cg, Ce7, and Cs;.

Refining Crude Beeswax. Many ways have been devised to refine
beeswax and lighten its color, including a number of patented processes.
A preferred method is that in which the wax is melted under water with
sulfuric acid (less than 5 per cent strength). The residue left after the wax
extraction is known as slumgum. Other acids have no advantage over
sulfuric acid. The addition of peroxide of hydrogen to the sulfuric acid
aids the bleaching.

If the wax has already been refined it can be melted and bleached by
the introduction of fuller’s earth at a temperature of 153-170° and then
filtering. Animal charcoal has been used in bleaching. Another method
describes the use of permanganate. Bisson and Dye!® describe a method in
which the crude wax is melted in direct contact with an alkaline solution
to extract the alkali-soluble impurities. The wax is then cooled and
separated from the aqueous solutions, again melted, and then brought into
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contact with a second aqueous solution of salt and hypochlorite while stir-
ring; when the whole is cooled, the purificd product is separated.

Reichert. Campbell, Hinegardner and London'® treat the wax in the
molten state with an alkaline solution of hydrogen peroxide, having the
pH of the resultant emulsion between 7 and 14, and then permit the
emulsified wax and alkaline solution to remain in contact without agitation
for a period sufficient to bleach the wax. Zinc oxide is also used with the
peroxide as a bleaching powder.

Steam extractors are commonly used for extracting beeswax; the steam,
however, is not an effective bleaching agent. Steam extractors are the
Ferris, Swiss, Root, etc. Purification by steam seems to have originated
in France. Benzoyl peroxide has been used in bleaching such waxes after
extraction.

Humes®® found that beeswax can be purified by distillation in the range
of 0.001-0.1 mm pressure and a temperature between 180 and 230°, depend-
ing upon the pressure. The product condensed at 95° is characterized by
the following constants; melting point 55-65°, acid value 40-65, ester value
less than 30, and iodine number 5-10. The refined wax is white in color,
practically odorless, and is said to promote the retention of emulsified water
in creams, making it of particular value in the cosmetic and pharmaceutical
fields.

Peroxide Method of Bleaching. Water slightly acidulated with H.SO,
is brought to a boil. To this is added the crude wax. The impurities
settle and the refined wax is removed from the top. Then more crude is
added, until the impurities become excessive. In the second step the
refined wax is treated with 0.5 per cent of its weight of zinc oxide and 2.5 per
cent of its weight of (100 vol.) hydrogen peroxide. The whole is agitated
for 4 hours at 180° F. In the third step, water is added to the wax to the
extent of four times the weight of the wax; the water has sodium peroxide
added to it to the extent of 5 per cent of the weight of the wax. The whole
is agitated gently and allowed to hleach over night at 180°. Then it is
cooled somewhat and neutralized with dilute HsSO4 (1.5 pounds of H,SO,
for each pound of Na,0,;). This is decanted and washed with water made
acid with H,SO,, to neutralize and wash out any alkali and the zinc oxide.
The method has a broad application to the bleaching of many waxes.

Yellow Wax—U.S.P. Quality. Genuine refined beeswax falls into two
divisions, yellow war and white waz. The United States and the British
Pharmacopceias recognize both, referring to the-yellow wax as cera flava
and to the white as cera alba. The latter is prepared from yellow wax by
exposing it to air, light, and moisture. The bleaching is often done as
follows: the wax, previously melted, is made to fall in streams upon a
revolving cylinder, kept constantly wet, upon which it concretes, forming
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thin ribbon-like layers. These are removed and spread on linen cloths
stretched on frames and exposed to the air and light, care being taken to
water and occasionally turn them. In a few days they are partially
bleached; but to deprive the wax completely of color, it is necessary to
repeat the whole process once, if not more. When sufficiently white, it is
melted and cast into small circular cakes.

Yellow wax, according to the U.S.P. definition®, is a yellowish to
brownish-yellow solid having an agreeable honey-like odor, and a faint
characteristic taste. The specific gravity is from 0.950 to 0.960 at 25°
(77° F). The melting point ranges from 62° to 65° (143.6-149.0° F). Itis
somewhat brittle when cold, and when broken presents a granular, non-
crystalline fracture. From the heat of the hand the wax becomes plastic.
The tests for purity are fully described in the Pharmacopeeia. In deter-
mining the acid and saponification values it is better to use 2 parts of
benzene and 1 part of ethanol, than to use ethanol alone.** Five grams of
the wax are dissolved in 75 ml of the mixed solvent in determining the acid
value. The saponification value is determined by boiling with 75 ml of
benzene and 25 ml of N/KOH, dissolved in ethanol.

The German Pharmacopceia specifies the acceptable limits of the acid
value of beeswax as 18.7-24.3; ester value 72.9-76.7, and ratio number as
3.6-3.8. Buchner? questioned the values given in these limitations.
Ryan'®, University of Dublin, stated that the specifications of a true bees-
wax, Apis mellifica, should be as follows: melting point 62-65°; density
0.960-0.970 at 15.5°%; acid value 19-22; ester value 70-78; ratio number
3.5-3.8; iodine number about 2.12. Ryan says that adulterants, if any,
may be detected by means of an uncertain melting point and high hydro-
carbon content. Beeswax has a flash point of 242-250°, and 245-258° when
bleached; adulterants like ceresin, japan wax, and stearic acid lower the
flash point appreciably.

White Wax—U.S.P. Quality. Bleached purified beeswax, cera alba,
as described by the U.S.P.40 js a white shining wax, diaphanous in thin
layers, inodorous, insipid, harder and less unctuous than the yellow, soft
and ductile at 35° (95° F), and fusible at 65° (149° F), retaining its fluidity
at lower temperature. The density is 0.959-0.975 at 15.5°; saponifica-
tion value 85-107; acid value 18-22; ester value 64-80; Buchner ratio
3.4-3.9; hydroxyl number 15.0; iodine number (Hiibl) 7-11; refractive
index 1.447-1.465 at 65°; and melting point 61-70°.

According to the German Pharmacopceia, white wax should have an
acid value 18.7-22.4; ester value 74.8-76.7, and a Buchner ratio 3.6-3.8,
which Buchner? corrected later to 4.0-3.42. 1In 1936 the official French
constants adopted were: density 0.960-0.966; melting point 62.5-66.0°;
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Hiibl ratio 3.4-3.9; saponification value 92-102; acid value 18-22; and ester
value 72-80.

Chemical and Physical Constants of Beeswax. Vansell and Bisson'®
reported sixty samples of crude beeswax as having the following chemical
and physical constants:

Minimum Maximum Average Pure
Acid value 16.8 35.8 19.2 17.0
Iodine number (Hanus) 6.8 16.4 10.2 5.8
Saponification value 89.3 149.0 96.7 84.4
Ash content 0.005 0.037 0.019 near 0
Melting point 62.0° 65.0° 64.0° 64.0° « 0.9°
Solidifying point 60.7° 63.5° 62.7° 63.5° < 0.9°
Density at 20°
Refractive index (n—sﬁg ) 1.4388 1.4527 1.4407 1.4402

Color: yellowish-white to brown vs white for the pure.

The average acid value of wax collected from the “‘scales” of the comb
was 17, whereas that for a sample of “propolis” from the side walls was 125.
Contamination of beeswax with propolis is very objectionable in the manu-
facture of cosmetics and ruins the wax for candle making, but is not so
objectionable when the wax is used for plant grafting, thread waxing, and
waterproofing. The gums and pitches which constitute propolis are not
secreted by the bees, but originate from numerous plant sources, especially
species of poplar in the western states of the United States. The color of
beeswax is affected very adversely by contact with wax during the render-
ing process, but nickel, aluminum, Monel metal, stainless steel, and glass
vessels have little or no effect. Galvanized iron is satisfactory for solar
extractors but is very objectionable for hot-water rendering. Partial
clarification of the strained wax can be brought about by boiling for at
least ten minutes in 5 per cent sulfuric acid. Acid treatment, followed by
thorough washing, has little effect on the original acid value of the wax,
but the wax appears to be slightly harder and more brittle.

Minimum and maximum values for the constants of 18 samples of
beeswax from hives in different parts of Uruguay were reported by Lees
and Ibarra as follows: Sp. gr. 0.9272, 0.9697; acid value 17.5, 22.4; saponi-
fication value 82.04, 105.88; ester value 63.84, 84.88; iodine number 3.36,

10.03; n%q 1.4424, 1.4442; impurities 0.86, 2.65 per cent.

The saponification values for various types of commercial beeswax
have been listed by Buchner as follows:

Crude 88-106
Sun-bleached 90— 98
Chemically bleached 93-108
Pressed 81

Solvent-extracted 64-102

Crude Indian (Ghedda wax) 75-145
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Specimens of pure sun-bleached beeswax from a bleachery at Babylon,
New York, showed a melting point of 62.2°-63.3° and saponification value
108.7 for the “semi-bleached”; and a melting point of 66.6° and saponifica-
tion value of 98.9 on the more expensive ‘‘fully bleached” grade. The so-
called French standard for pure white beeswax calls for an appre-
ciably higher melting point than that customarily assigned to yellow
wax.

The freezing or solidifying point of yellow beeswax is about 60-61°,
for waxes having a melting point of 63-64°. The softening point (s.p.) in
water for American beeswax is 49.0-53.3° (120-128° F'), which is reasonably
high; and this fact makes beeswax a desirable component for wax blends
that have a paraffin foundation, since it offsets the much lower softening
point of the ordinary paraffins.

African beeswaz, with exceptions (e.g., Sudan, Gold Coast, Uganda
Protectorate) has somewhat different constants from the waxes of European
origin, or from those produced in America. Kenya waz has a density of
0.949-0.965, acid value 17.3-21.6, ester value 87.1, and ratio number 3.6
—4.2. Tanganyika waz is said to have a somewhat higher than normal
iodine number when compared to Gambia wax. Buchner® gives the
following constants for African beeswax: acid value 19.9; ester value 79.4;
ratio number 4.0; and iodine number 11.6.

The waxes of South and East Asia (see Table 13, page 54) are dis-
tinguished from all others by a low acid value, ranging from 6.3 to 9.0,
and a high ester value (78.5-96.0), the saponification value being about the
same as in other waxes.

Hata® has shown that beeswax made by bees collecting honey from
citrus trees has an entirely different composition from that of ordinary
beeswax. The Formosan product contains 80 per cent of unsaponifiable
substance, comprising 22.4 per cent higher alcohols, and 57.6 per cent
hydrocarbons. The principal constituents are hentriacontane and ceryl
alcohol, with a small amount of melissyl alcohol, nonacosane, heptacosane
and pentacosane. The fat acids of the wax consist mainly of palmitic, with
a small amount of oleic, cerotic and melissic acids.

Beeswax is soluble in ether, chloroform, and carbon tetrachloride; par-
tially soluble in cold benzene or carbon disulfide; sparingly soluble in cold
alcohol, and partially soluble in boiling alcohol, the free acids going into
solution, but the esters remaining behind. Beeswax is insoluble in water,
soluble in vegetable oils but not in mineral oils at ordinary temperatures.
With trichloroethylene, C,HCl;, small quantities of the free acids and the
esters and most of the hydrocarbons dissolve. The soluble part melts at
54.5° and the insoluble part at 67.3°.
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Solubility of Beeswax in Various Solvents
(grams of wax per 100 grams solvent)

ut 25° at 35° at 45°
Fthanol (959 by vol.) 0.41 0.97 1.56
RBenzene 24.2 64.2 106.8
V.M. & P. naphtha 5.0 20.0 41.0
Turpentine 8.0 26.0 59.0
Solvenol 6.0 23.0 55.0
Iithylene dichloride 1.67 4.97 20.3
Pine oil — 5.0 27.0

The hardness of beeswax varies considerably with changes in temper-
ature and in quality. The hardness units listed below were determined
by means of a Shore durometer on (1) specimen of U.S.P. beeswax m. 61.6°
purchased from Eimer & Amend, New York; (2) an ordinary dark yellow
wax m. 62.3° refined from old combs; and (3) a sun-bleached wax m. 63.3°
U.S.P.

Temperature Hardness of (1) of (2) of (3)
-7° = 90 —_
0° 76 87 90
10° 65 80 88
20° 54 73 81
25° 47 69 76

30° 40) — 72
The hardness at 0° corresponds to a penetration test of 5 for (1).

The refractive indexes of various beeswax samples are compared below:

Refractive Index Readings at Different Temperatures of
Beeswax Samples of Known Purity+

Locality At 65° At 75° At 85°
Mexico 1.4449 1.4414 1.4380
North Carolina 1.4453 1.4416 1.4377
Wisconsin (a) 1.4460 1.4426 1.4388

(b) 1.4443 1.4406 1.4367

Cuba 1.4441 1.4403 1.4365
Habana 1.4449 1.4412 1.4375
Haiti 1.4448 1.4410 1.4374
Southern States 14448 1.4414 1.4374
Africa 1.4458 1.4424 1.4387
New York 1.4456 1.4420 1.4384
San Domingo 1.4488 1.4451 1.4415
Illinois 1.4460 1.4424 1.4388
Texas 1.4449 1.4413 1.4377
lowa (a) 1.4444 1.4405 1.4368
(b) 1.4458 1.4422 1.4384

Utah 1.4450 1.4413 1.4378
California 1.4444 1.4405 1.4368
Hilo (a) 1.4436 1.4398 1.4361
(b) 1.4434 1.4398 1.4362

(c) 1.4435 1.4400 1.4375
Minnesota 1.4470 1.4433 1.4395

Nore: Samples were furnished by the Bureau of Entomology to the Contracts
Laboratory, Bureau of Chemistry, Washington, D. C.
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Refractive Index Reading at Different Temperatures of
Commercial Samples of Proven Adulteration®

Contract

Lab. No. At 65° At 75° At 85° Remarks
12632 1.4379 1.4340 1.4302 paraffin present
12634 1.4380 1.4344 1.4307 paraffin present
12635 1.4379 1.4342 1.4302 stearic acid and
paraffin present
12636 — 1.4540 1.4505 resin present
12637 1.4375 1.4338 1.4301 paraffin present
12638 1.4350 1.4313 1.4275 paraffin present
12641 1.4421 1.4384 1.4346 paraffin present
12642 1.4363 1.4323 1.4284 paraffin present
12648 1.4421 1.4384 1.4348 paraffin present
12649 1.4335 1.4300 1.4260 stearic acid and
paraffin present
12655 1.4441 1.4406 1.4369 pure wax
12630 1.4463 1.4425 1.4389 pure wax

Nore: Upon examining data it will be found that the refractive index at 75° for
pure beeswax falls between 1.4398 and 1.4451.

Chemical Composition of Beeswax. For the past century the chemical
composition of beeswax has been a subject of discussion, and has been
revised repeatedly as a result of improved methods in the technique of
identification of the constituents in waxes.

As early as 1814 an attempt was made to analyze beeswax for its
chemical components. The wax was treated with boiling alcohol; the
insoluble portion was given the name myricin, and the portion which dis-
solved, but crystallized out on cooling, was designated cerotic acid (m. 67°).
In 1848 Brodie identified myricin (m. 64.5°) as consisting principally of an
ester of palmitic acid, which he called myricyl palmitate (m. 73°). It was
later shown by others that myricin contains hydrocarbons as well as esters.
The portion which remained dissolved in the cold alcoholic liquid was called
cerolesn (m. 53.5°) which however was later shown to be a complex contain-
ing unsaturated compounds. Schwalb in 1886 discovered melissic acid in
beeswax, and also fat acids of lower molecular weight, such as palmitic and
hypogaic.

It is generally conceded that the principal constituent of beeswax
is myricyl palmitate, C;;H3;CO-0O-CyHs. Marie assigned the formula
CasH;00: to the free cerotic acid in beeswax, but at least a large portion
of this acid is regarded now as CssH:0.. In 1893 Marie also assigned the
formula CsoHgO: to melissic acid, which Damoy in 1924 showed to be
CaleOﬂo

The presence of a Csp acid in the saponified acids has been more recently
proved by molecular vacuum distillation. The C;o acid should be properly
called myricinic acid, as it is an oxidation product of myricyl alcohol. Brodie
was the discoverer of myricyl alcohol, to which he gave the formula C;HégoO.
Gascard* disputed the formula and assigned it CsHeO, now known as
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melissyl alcohol. Through an extensive analytical investigation Gascard
was able to position melissyl melissate (m. 90.5°) and myricyl laccerate
(m. 95°) in the series of esters. Gascard obtained the hydrocarbon CjHe,
(m. 69°) by reducing the iodide of the alcohol.

Gascard described melissyl alcohol as a Cg alcohol that consists of
tiny white lozenges when crystallized from benzene, and stated that it is a
normal alcohol (m. 87°) and a homolog just below lacceryl alcohol (m. 89°)
which he had isolated from commercial stick-lac. It would seem quite
possible that the Cs, alcohol is a mixed dimer of Cs myricyl and Cy, lacceryl
alcohols. n-Melissyl margarate has been considered as a constituent of
beeswax.

Damoy® in 1924 recognized Cs;, Ca7, Cap and Cs;; wax acids in beeswax.
By fractional precipitation with magnesium acetate and micro fractional
distillation in high vacuum Holde and Bleyberg were able to obtain the
Cy to Cyu acids referred to by Damoy. Ikuta reported the presence of
hexacosanic acid (CesHs202), cerotic (b) and hydroxy-palmitic acid (probably
oxyhypogaic, or oxypalmitoleic acid) in Japanese beeswax.

The melting points of the acid, alcohol, and hydrocarbon components
of beeswax have been determined by Gascard® as: neocerotic acid 77.8°;
pseudocerotic (Cayr acid) 82.5°; montanic acid 80.0°; melissic acid 90.0°;
neoceryl alcohol 75.6°; ceryl alcohol 80.0°; montanyl alcohol 84.0°; myricyl
alcohol 87.0°; pentacosane 54-54.5°; heptacosane 59.2-59.5°; nonacosane
63.5°; hentriacontane 68.4—69.0°.

Psyllic acid (C2HeQO:) is a methyl side-chain acid which has been
identified with the propolis of the honeycomb. Kebler® in 1893 estimated
the hydrocarbon content of beeswax as 12.7 to 14.8 per cent. Leys%
(Paris) in 1913 found 10.4 to 13.0 per cent hydrocarbons. Leys reported
39.2-39.6 per cent alcohols (m. 77-80°, acetates m. 54-57°) in the saponified
beeswax. He assigned the iodine numbers 13.8-15.6 to the hydrocarbons.
The only unsaturated hydrocarbon reported in connection with beeswax is
melene (C3Hgo), an olefin which is obtained by pyrolysis of beeswax, and
the constitution of which was first determined by Marcusson and Béttger ;%
it is not a constituent of beeswax. It is not unlikely that the iodine
number of Leys was that of cholesterol or cholesteryl ester, if this was not
completely saponified in the analysis.

In the light of our present knowledge, it appears that in the meta-
morphosis of wax by the bee a whole series of alcohols, with an even num-
ber of carbons, is initially produced by a systemic coupling of hydroxylene
radicals into dimeric groupings and the coupling of such groupings, these
reactions taking place with the elimination of moles of water and the link-
ages aided by free hydrogen. These alcohols range from Cy to Cg, but
soon become oxidized by free oxygen to the corresponding Cy to Cs acid
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moles. However, the more immobile or highest alcohols combine with the !
lower acids of the series in preference to directly reacting with oxygen; as a !
result esters are formed between the C;o and Cj; alcohols with the Cyy to Cos
acids. The chief acid of the Ci to Co group is palmitic acid; and since the »
chief alcohol of the Gz to Ca group is myricyl alcohol, the union of these
produces a large amount of myricyl palmitate. The small amount of "\
myristic acid forms a lactone, namely w-myristo-lactone (m. 41-42°). Acids !
are formed in excess in the range of Cy 10 Cy, the principal one of which is
the Cy acid, cerotic (b) or 1-hexacosanic (m. 87.8°). ‘

However, most of the Cy acid mole combines with Cy to Csp moles to
form bimolecular compounds, also known as mixed dimers, resulting in a
series of acids with an odd number of carbons; these are to be found in
crude cerotic acid, soluble in hot cthanol but insoluble in cold, in the
alcoholic extraction of beeswax. These dimers are Cy acid, cerotic (a)
(m. 78°) which has been referred to as hyaenic acid; Cqs, acid, cerotic (b) (m.
87.8°); Cq; acid, cerotic (c) (m. 82.5°); (yy acid, montanic (m. 86.8°); and
Ca acid, melissic (n. 90°).

These acids can be separated only as ‘“‘even carbon’ acids through
esterification to the monomeric esters, and fractionation of the latter.
Beeswax contains hydrocarbons with an odd number of carbons which are
end residues resulting from decarboxylation of the esters in the meta-
morphosis, more particularly hentriacontane (CyHg) produced by the
decarboxylation of palmityl palmitate (cetyl palmitate) as it is formed.

Chemical Composition of Yellow Beewax
(alcohols 60; acids 42.5 parts)

Alkyl Esters of Fat and Waz Acids: 72 per cent
(Combining wt. 700, m.p. 63.5°)

CisHsCO-0-CsoHe myricyl palmitate (339)

C1sH351CO -0 CyHes lacceryl palmitate (9%) )
CisHnCO -0 CyHg myricyl palmitoleate, m. 38° (12%,)
CisHx(OH)-CO-0-Cylly  myricyl hydroxypalmitate (6%)
CxHuCO-0-CyHa myricyl cerotate (12%)

Cholealeri(l Esters of Fatly Acids: 0.8 per cent
cholesteryl palmitoleate, m. 40°
Lactones: 0.6 per cent
w~-myristo-lactone, m. 41-42°
Free Waz Actds: 13-13.5 per cend.
(Combining wt. 376.8, m.p. 77.5-79°)
CusHuO:  neocerotic acid, m. 77.8° (Gascard)
CnHuO: cerotic acid (c), m. 82.5° (Brodie)
C»pHuO:  montanic acid, m. 86.8° (Holde)
CuHeOs  melissic acid, m. 90° (Damoy)
Hydrocarbons: 12-12.5 per cent
CwHew nonacosane, m, 63.5° (G)
CnHu hentriacontane, m. 68.7° (G) (11%)

Moisture: 1-2 per cent
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Ghedda Wax

Singh reports that three species of honeybees are found in Punjab,
which are suited to different climatic conditions. The Indian bee, Apis
indica, F., is found in the hilly tracts; the little bee, Apis florea, F., in the
plains where in summer the temperature may rise to 120° F or so; and the
giant bee, Apis dorsata F., remains in the sub-mountainous tracts and lower
hills and has not been found in the higher mountains. Chinese bees are
believed to be a variety of Apis indica, known as A pis peront, and produce a
very white wax.

The introduction of the artificial comb made of a paraffin composition
material for use in beehives led to an acute shortage of domestic wax in Ger-
many in 1905, and as a result foreign beeswax became a dominant factor in
the German market. It became necessary then to recognize normal varia-
tions in the composition of the waxes imported from East Africa, British
India, East Asia, and South America. Berg! found that waxes originating
in South and East Asia may be distinguished from all others by a low acid
pumber and a high ester number. Buchner had referred to the simple
ratio of the ester number to the acid number as an important analytical
constant, which became known as the ‘“Buchner number,” according to
Berg, or simply as the ‘ratio number.”

East Indian beeswax became later known as Ghedda waz, or gedda waz,
and is defined as a wax produced by a bee other than the common honey
bee, Apis mellifica. Buchner in 1905 conducted an extensive investiga-
tion into the species of bees that produced the beeswax imported into
Germany, and found that there were a number of species of bees which he
enumerated as A. dorsata, A. florea, A. indica, A. fascista, and A. sinensis.
In his report to the Chemiker-Zettung in 1906 he says that the A. dorsata is
the largest bee, and the A. florea the smallest. He regarded A. indica or
A. fascista as really varieties of A. mellifica, and stated that 4. dorsatais a
bee which builds a giant genuine two-sided comb. We now know the
A. indica is a very distinct species, although of common size. The data
on analytical constants given by Buchner are classic and instructive.

M.P. Acid Sapn. Iodine
No.

Source °C) No. No.

Apis dorsata (23 samples) mean 63.1 7.0 96.2 6.7
max. 67.0 10.2 105.0 9.9

min. 60.0 44 75.6 4.8

Apis florea (5 samples) mean 64.2 7.5 103.2 8.0
max. 68.0 8.9 130.5 11.4

min. 63.0 6.1 88.5 6.6

Apis indica (7 samples) mean 63.25 6.8 96.2 7.4
max. 64.0 8.8 102.5 9.2

min, 62.0 5.0 90.0 5.3

Apis mellifica mean 63.25 20.0 95.0 7.5
max. 85.0 21.0 99.0 11.0

min. 61.5 17.5 87.5 4.0
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The analyses of Ghedda wax, A. indica type, indigenous to various
Asiatic countries have been reported as follows.

Sp. Gr. M.DP, Sapn. Acid Ratio Iodine

Country 15° (°C) Value Value No. Value

Assam (N. E. India) 0.965 61.0 97.8 5.8 16.7 5.6
Annam (Fr. Indo-China) 0.964 61.0 86.6 7.8 10.4 6.0
China e 62.5 108.6 7.5 13.0 -
Eastern Bengal 0.973 66.4 103.2 7.6 12.2 7.7
Japan 0.— 65.7 94.8 6.9 13.2 12.6
Korea (A. indica) 0.— 65.6 84.5 5.8 13.4 11.4
Philippines 0.961 63.2 101.6 6.9 14.0 9.1
Macassar (Batavia) 0.956 60.5 118.8 7.0 12.0 6.6

Ghedda wax is indigenous to British India, Siam, Annam, Cambodia,
Tonkin, Batavia, Korea, Japan and the Philippines. The wax is generally
exported from Bengal, Bombay, Madras, Burma, Shanghai, and Sind to
the English market. A composite sample of wax of the secretions of
A. dorsata, A. florea, and A. indica, with very little wax of Trigona species
was reported by Ragaswami (Madras, India) in 1941, as having a sp. gr. at
15° of 0.963, m.p. 63.0° sapn. value 94.0, acid value 6.1, ester value 87.9,
iodine value 5.8.

Ghedda wax is pale to dark-yellow in color, quite firm in consistency,
but of a fatty feel. When genuine beeswax is adulterated with Ghedda
wax it is said to be difficult to detect the adulteration except through
chemical analysis in which the constants for acid, saponification, and iodine
evaluations are determined. The specific gravity of Ghedda wax is 0.956
-0.973 at 15°. The refractive index at 80° is 1.4404 or thereabouts.
Ghedda wax melts at 60.4-66.4°, the limits being wider than those of bees-
wax (63-64°). The solidification point of Ghedda wax is about 60°.
The saponification value ranges from 86 to 130, acid value 3.5 to 10.5,
ester value 69 to 123, and iodine number (Hiibl) from 4.8 to 11.4. The
ratio number (ratio of acid to ester value) limits set by Berg were 1: 9.9
to 14.9 for Ghedda wax, contrasted with 1 : 2.9 to 4.5 for genuine beeswax.

Chemical Composition of Ghedda Wax. The chemical composition
of Ghedda wax differs from that of beeswax in many respects. The
transition of pollen principles to wax by the bee seems to lie in the con-
version of tripalmitin and tripalmitolein (glycerides existing as plant
principles) into monohydric alcohols which recombine with an excess of
the free acids formed. The hydrocarbons are simply end products of
metabolism, and the glycerol liberated is consumed as a food. Any
cholesterol produced would be in the form of an ester of the fatty acid.
The transition of plant principles to wax differs somewhat for the East
Indian bees. The conversion appears to be from principles like trimyristin
and trimargarin (or the mixed glyceride of palmitic and stearic acids)
into corresponding free acids and alkyl esters.
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As previously mentioned, in beeswax there appears to be an appreciable
amount of unsaturated hydrocarbon known as melene, produced in melting
the wax. In Ghedda wax unsaturated hydrocarbous are absent, which
accounts for the low iodine numbers. Refined beeswax is free from fatti-
ness and contains no glycerides. Ghedda wax is quite fatty and contains a
proportion of highly saponifiable matter which has not yet been positively
identified, but is calculated as myristin, and is probably the metabolic
source of the ceryl alcohol in the composition of the wax. Stearin plays a
metabolic role in the formation of geddic acid in Ghedda wax; stearin
appears to be absent as a factor in the metabolism of beeswax. We might
expect to find a small amount of the ester, lacceryl ceromelissate, in Ghedda
wax, for the same reason that we find ceryl cerotale in beeswax. The
presence of higher hydrocarbons in Ghedda wax might be expected because
of the source of higher glycerides in the plant principles. The presence of
hydroxymargaric acid in Ghedda wax is also explainable on the basis of
carboxylation by the insect of palmitoleyl alcohol. The role of metabolism
is still speculative.

Lipp and Kuhn¥, of Munich, in 1913 determined the chemical composi-
tion of Ghedda wax. They saponified the wax with 0.5N alcoholic potas-
sium hydroxide for 8 hours, neutralized the solution with 0.5N hydro-
chloric acid, evaporated the solution and extracted the residue with
petroleum ether. For identification the extract was dried and heated with
soda lime and converted into cerotic acid, from which the following deriva-
tives were made: methyl ester (m. 60°), lustrous plates; acid amide, fine
needles (m. 106°, Marie 109°); anilide, fine white needles from alcohol
(m. 53.5°). The wax also yielded two hydrocarbons, CyHs and CsoHe
(m. 58° and 70° respectively), but Lipp and Kovacs®® later showed each
of the hydrocarbons to be at least one homolog higher, namely Cy;Hy and
CuHeu. Ghedda wax contains ceryl alcohol to the extent of 48 per cent in
combination with margaric (or palmitic-stearic complex) according to
Buchner, whereas genuine beeswax contains the higher alcohol, myricyl. The
esters of Ghedda wax contain 58.8 parts of alcohols to 44.0 parts of
acids.

Lipp and Casimer® have reported the percentage of Ghedda wax
constituents which they determined: ceryl alcohol 48, heptocosane 5,
hentriacontane 2, hydroxymargaric acid 24-25, an isomeric hydroxymar-
garic acid 1.5-2, margaric acid 9-10, palmitic acid 8-9, geddic acid 2,
cerotic acid 1, traces of formic, ethyl and propyl alcohols, and resin.

Lipp and Casimer® have determined the chemical composition of a
Ghedda wax having the following constants: m.p. 62-3°, acid value 6.1-5.8,
ester value 91.5-90.8. The only alcohol which they could find in the
unsaponifiable was ceryl alcohol (m. 74°). (This corresponds to the Cg,Cas
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dimer). They reported the methyl ester (m. 60°), acid amide (m. 106°,
Marie 109°), and ceryl benzoate (m. 53.5°). (The ester corresponds to Cas
ester). The acids combined with the ceryl alcohol are kydromargaric acid
(m. 58°), an isomer of same (m. 71-72°), palmitic, and stearic. The free
acids are described as cerotic and geddic. The latter crystallizes from ethyl
acctate in a mossy aggregate of needles, 94.5-95°. Geddic acid is insoluble
in cther. The authors state that geddic acid is not to be confused with the
melissic acid of genuine beeswax, since it has the formula C3HgsOs. They
also isolated two hydrocarbons, heptacosane and hentriacontane. The
composition of Ghedda wax appears to be approximately as follows:
Alkyl Esters of Fatty Acids: 87 per cent
(m.wt. 663)

ceryl myristate, m. 59°

ceryl palmitate, m. 69° (20%)
ceryl stearate, m. 73°

ceryl hydroxymargarate (49,)
melissyl margarate, m. 79°

Free Fatty Acids: & per cent
(m.w., 391, neutr. no. 143)

cerotic acid, m. 76-77° (19%,)

geddic acid, m. 95° (29,)

margaric acid, m. 61.3° (2%)
ITydrocarbons: 7 per cent

heptacosane, m. 59-59.5° (L&K) (5%)
hentriacontane, m. 68-68.5 (L&K) (197)
tritriacontane, m. 71.8° (1%)

Japanese beeswax is not identical with East Indian wax, nor is it the
same as genuine beeswax. According to Ikuta, Japanese beeswax has
4-6 per cent of frec acids, and 38—41 per cent of combined fatty acids. Of
the mixed fatty acids about 20 per cent is reported to be hydroxypalmitic
acid (m. 73.8-74.2°).

Uses of Ghedda Wax. The uses of Ghedda wax have been almost as
wide as those for genuine beeswax and considerable tonnages are exported
each year to Russia, Germany and Great Britain. It is reported in India
that the wax is used for candle-making, and that it makes a suitable
foundation for ointments and plasters. The yellow color is to a large
extent removable by activated carbon or by kieselguhr. Considerable
quantities of the Macassar beeswax are said to have been used by the
American manufacturers of sound records prior to World War II. This
wax has an ivory color, is quite fatty, and does not possess the distinctly
fragrant odor of beeswax. The Chinese, Korean, and Japanese wax is
credited with being of better quality than the Indian, since it is harder,
cleaner, and of better color.
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Wax of Wild Bee Brood-Comb

The composition of the cellular structure of the wild bee brood-comb
differs from that of the ordinary honeycomb prepared in a beehive by the
becs for storing their excess honey. This difference has been shown by
Warth and Hanzely'®¥ by an analysis of a brood-comb obtained from a bee-
tree at Millvale, Pennsylvania compared with that of a honeycomb from
the same state. The yield of wax materials, namely beeswax and propolis,
from the cleaned bee brood-comb was 39 per cent, whereas the yield from
the beehive honeycomb was more than 95 per cent. After freeing the
living quarters of honey, brood, pollen, and other waste materials including
leafy matter, the cleaned cells of the comb structure yielded, after wax
and propolic extraction, horny shells of sclero-albumenoid, and no cellulose.
The nature of the pure wax separated from both types of combs was sub-
stantially the same, but the wax extracted by solvent (chloroform) from
the brood-comb shows considerably more vegetable wax constituents,
which have not been wholly converted to the end stage. The average
cell of a brood-comb weighs 0.1126 gram, and is larger than that of a
honeycomb.

The wax materials of the brood-comb were divided into three parts:
(1) beeswax extracted by hot water; (2) extraction wax removed from comb
by choloroform, after freeing the pure beeswax by hot water; (3) propolis
extracted from sludge settling from the water extraction, due to its greater
density.

Chemical constants for these fractions were determined:

Acid Sapn. Ester Iodine

Value Value Value No.
(1) Pure Beeswax (32.1 g) 18.1 97.5 79.4 11.8
(2) Extraction Wax (5.55 g) 27.4 130.4 103.0 33.1
(3) Propolis (1.35 g) 28.5* 174.0 145.5 52.2

*The low figure for the acid value might be due to the neglect to acidify by sulfuric
acid to free the resin from tannin in its preparation. We would expect this value to be
at least 77. Propolis in its free state is always decidedly acid.

The propolis of the wild bee brood-comb or that which fastens the
honeycomb to the side walls of the box, as the case may be, consists of
gum resin and balsam pitch, referred to as “propolis resin” and ‘‘propolis
balsam,” respectively. The propolis of the wild bee comb melts at 62°,
but at a higher temperature if remelted. That of the honeycomb melts
at 80-90°, but at 130° when preheated at 101°.  The latter has the fragrance
of gum benzoin, and that of the wild bee comb a faintly conifer-like odor.

The extraction wax of the wild bee comb was dark brown in color.
Repeated extractions at a low temperature removed a greasy substance of
acid value 91.4 and saponification value 239.1. Its removal lowered the
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acid value of the extraction wax to 22.9. The chemical constants of the
vegetable wax portion of the comb arc acid value 7, saponification value
205, iodine number 55. These constants indicate the presence of a fairly
large amount of unsaturated principles, such as palmitolein.

A comparison of the composition of the bee tree-comb and that of the
hive honeycomb is shown below.

Bee tree-comb Honeycomb
% o

Extraction wax:

Propolis 10 10

Vegetable wax 25 8

Beeswax 65 82
Propolis:

Propolis resin 92.7 91.5

Propolis balsam 7.3 8.5

Propolis, as gathered from hives, has been reported as a mixture of
about 70 per cent of resin melting between 90° and 100°, 10 per cent of
resin melting between 60° and 70°, and beeswax 30 per cent. Propolis is
usually referred to as the ‘‘varnish” with which the bees coat the cells and
cappings that have stood in the hive for a protracted period.

Analysis of Bee Glue (Propolis)
(compiled from various sources)

Heiduschka Dieterich Bohrisch Rabinovich Average
(%) (%) (%) (%) (%)
Resin* 70.7 64.6 43.6 68.9% 61.9
Balsam 5.0 3-8 8.7 4.0 5.8
Wax 14.8 16.0 27.9 19.3 19.5
Volatile 4.2 6.0 6.9 3.5 5.1
Non-Volatile Impurities 5.3 —_— 12.9 4.3 7.5

*Treatment with 95 per cent alcohol extracts propolis resin, leaving propolis waz as
re;idue. Propolis balsam is obtained from the resin by extraction with boiling petroleum
ether.

t Crude Resin: 86.2 per cent resin, 11.4 per cent tannins, 1.8 per cent proporesin,
traces of a-proporesin, 0.6 per cent g-proporesin.

Propolis Resin: melting point 67°, (after heat treatment at 101°) 90-106°
specific gravity 1.186
acid value 114—125 ave. 119
saponification value about 184
ester value 65-70
iodine number 55?7

Propolis Balsam:  melting point syrupy liquid
acid value 75-112 ave. 93.5
saponification value 167.9-173.8 ave. 170.4
ester value 61.8-93.0 ave. 77.4
iodine number 8?

Propolis Wax: melting point 61-66° ave. 63.2°
acid value 28.4-29.0 ave. 28.7
saponification value 97.1-97.6 ave. 97.3
ester value about 68.6

iodine number about 20
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Pure Beeswax: melting point 64.7°
acid value 18.4-18.5
saponification value 92,1-97.1 ave. 94.6
ester value 73.6-79.4 ave. 76.5
iodine number about 10.2

The resin is soluble in alcohol and insoluble in hot petroleum ether.

The balsam is soluble in petroleum ether and in 70 per cent alcohol.

The propolis wax is largely a vegetable wax of fairly constant composition.

The volatile matter includes 2-3 per cent of water.

The non-volatile impurities include pollen grains, meal, dust, fiber, etc., insoluble
in petroleum ether and in alcohol.

The color consists of several yellow pigments, including 1-3 dihydroxy flavone, or
chrysin which follows along with the petroleum ether extractions.

The composition of propolis on a water, oil, impurities-free basis is as follows:

resin 71.0 per cent
balsam 6.6 per cent
wax 22.4 per cent

Stingless Bee Wax

This is the wax produced by a wild bee sometimes referred to as the
dammar bee, Melipona or Trigona species. The Apis was not introduced
into America prior to the 17th century; the producers of wild honey and
wax in pre-Columbian America were the stingless bees, the favored species
of which were domesticated in Mexico, Central America, and northern
parts of South America. The larger stingless bees are usually of the genus
Melipona, and the dwarf{ ones of the genus Trigona, both belonging to
family Meliponidae. One of the larger species is the Melipona beecheit, or
royal bee, and it is favored for apiculture in Mexico and the Central Ameri-
can countries. A race of it also occurs in Cuba and Jamaica. The wax
is commercially gathered in India, Trinidad, and Brazil.

According to Schwarz!®, other materiuls in addition to wax constitute
the building blocks of Melipona and Trigona, 1.e., resinous substances,
earth and clay, excrement, plant particles and plant exudates, tar, grease,
oil, varnish, bits of wood, and doubtless other things. Foraging for
these is the function of the worker bee, and upon her rests the responsi-
bility, too, of keeping the larder supplied. The nests are usually built in
the hollow trunks of trees, faces of rock, or even on the ground.

The giant Melipona fulvipensis constructs successive, horizontally
placed combs of closely fitted brood-cells, one cell contiguous to another
and on the same level. According to Schwarz, the dwarf stingless bee
known as Trigona ducke: does not arrange its brood-cells in combs, but in
clusters with tiny pillars of wax connecting the otherwise independent cells;
but the vast majority of Trigona build their brood-cells in combs as do the
species belonging to the genus Melipona. The Kota bees ¥ of India are
of the latter genus. They are minute, stingless insects which furnish a
sticky, dark-colored wax, resembling in physical and chemical character-
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istics the propolis of the honey bee. Buchner® records that 170 varieties
of the Meliponidae exist. In general, the wax is described as brownish-
yellow to a blackish-brown in color and of sticky consistency.

A stingless bee wax imported from Brazil into the United States, a
wax of the Melipona species, is dark brown, soft, and of a slightly tobacco-
like odor. Some of the extractables by alcohol and by acetone, however,
have a fragrant odor suggestive of pure beeswax. The Brazilian wild bee
wax has an acid value of 15.4, and a sponification value of 108.8 for the
wax in its crude state. The crude wax, however, is about 30 per cent non-
extractable, this matter consisting of earthy, vegetable, and inert sub-
stances. The purified wax is of a yellowish-brown color.

The chemical literature briefly refers to a Trigona wax of Trinidad
which shows so wide a variation in constants that it is difficult to set up
specifications for an approved quality. It is said that in general this wax
is high in iodine number. Stingless bee wax from India has an acid value
of 16 to 23, a saponification value 74 to 130, iodine number 30 to 50, and
melting point 66 to 76°.

Stingless bee wax, like beeswax, contains myricyl palmitate, and a con-
siderable amount of cerotic acid which can be readily crystallized from its
solution in alcohol. Aside from this it contains a yellow dye, resins, hydro-
carbons, and other substances which have not been clearly identified.

The following chemical composition of wild bee wax is based upon a wax
with acid value 16, saponification value 72, ester value 56, iodine number
30, and unsaponifiable 60.5 per cent.

Alkyl Esters of Monobasic Acids: 35 per cenl

myricyl palmitate
ceryl hydroxymargarate
myricyl cerotate

Saponifiable Sticky Resinous Matler: 1/ per cent

Free Fatty Acids: 12.3 per cent
cerotic
myricinic
unidentified unsaturated
Hydrocarbons: 7.3 per cent

hentriacontane
unidentified

Cellulosic, Sclero-protein, and Mineral Malter: 31.5 per cent

Hanzely*® extracted wild bee wax obtained from Brazil, first with
ethanol, then with benzene, and lastly with acetone, using a Soxhlet
extractor. The cthanol-extractable amounted to 40.6 per cent; the ethanol-
insoluble but benzene-extractable 7.3 per cent; and the ethanol- and ben-
zene-insoluble but acetone-extractable amounted to 21.2 per cent. The
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melting points on these extractable components were 74.5°, 76.2°, and 71.8°,
respectively. When the ethanol-extractable was cooled, 34.5 per cent (of
the original wax) crystallized out, and when recrystallized showed a melting
point of 78.5°. The uncrystallizable but ethanol-soluble portion consisted
of a sticky, amber-colored material (m. 74.5°) to the extent of 6.1 per cent.
After these selective solvent extractions, the residue resembled a silt, and
consisted largely of bee glue, mineral matter, and particles of leafy material.
The residue amounted to 31.5 per cent.

Beeswax Adulterated with Stingless Bee Wax. According to some
reports, a considerable amount of blending of waxes is done by unscrupulous
vendors in commercial centers, in which Caribbean waxes of the Trigona
species are blended with East Indian waxes when they are available, with
artificial comb material, or even with a petroleum wax. The adulterated
waxes vary from pale yellow to a dark brown color. The odor is generally
deficient, and occasionally the characteristic odor of beeswax can be barely
detected upon melting the wax. A determination of the chemical and
physical constants of the sample soon determines whether the wax is
adulterated, or whether it is simply deficient in quality.

During World War I1 many of these adulterated waxes appeared on
the market as pure, refined yellow beeswax. Samples taken from one ship-
ment of a New York supplier showed the following constants: m.p. 58.5°,
acid value 20.5-21.1, saponification value 98.0-101.9, ester value 77.0-81.4,
iodine number 37.3—44.8. The wax was of a dark yellow-brown color, and
of a disagreeable odor.

Another adulterated beeswax offered in the New York market contained
about 30 per cent of T'rigona wax and 70 per cent of East Indian wax. The
wax was of a dirty brown color, with following constants: m.p. 59°, acid
value 9.7-10.0, saponification value 94.3-102.5, ester value 84.3-92.8,
ratio number 1 : 8.45 to 9.60, iodine number 22.7 to 23.1.

Stingless bee is used to some extent in the shoe trade, but its greatest
use scems to be in adultering Ghedda wax to bring up the melting point
and iodine value to that of genuine beeswax, detection being difficult in the
dark yellow grades of beeswax used for technical purposes.

Humble Bee Wax

The humble bee is of the order Bombus. There are two species, Bom-
bus terrestris, which builds round nests of carded moss, and Bombus lapi-
darius, which makes its home in cavities among stones. The wax is so
small in quantity that it is only of academic interest. Sundwik¥! described
the wax which was obtained from a giant nest of Bombus terrestris as of
interest because of its content of psyllyl alcohol and absence of myricyl
alcohol, cerotic acid and palmitic acid, all of which are constituents of true
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beeswax, produced by the honey-bee Apis mellifica. Sundwik at Helsing-
fors also isolated an alcohol corresponding to the Cj acid which he named
incarnatyl alcohol, and found its melting point to be 72-74°.

Ullmann’s German Encyclopceedia'® refers to humble bee wax as
““Hummelwachs”, and gives the following characteristics: Sp. gr. 0.960—
0.969; m.p. 68-72°; acid value 18.0-19.4; saponification value 93-98.1;
iodine number 5.0-7.0; and unsaponifiable 52-63 per cent.

The occurrence of wax in the lumen of the chitin hairs of B. ferresiris
has been reported by Schmidt.?> The wax is extractable by chloroform
and possesses a powerful double refraction which disappears on warming
and returns on cooling. The dried hairs, however, gradually lose their
double refractive power if mounted in balsam.

World Trade in Beeswax and Its Uses

The world trade in beeswax is extensive. In the United States the most
important market for beeswax is in Pittsburgh, Pennsylvania. Much of the
beeswax produced in the West is shipped East, the Eastern industries being
the larger consumers; 3,380,000 pounds of beeswax were produced in the
United States in 1942. The United States also imports a considerable
amount of wax, 1,000,000 pounds or more. In Germany, the honeycombs
are made largely of ceresin. Therefore, Germany has always been forced
to import much of its wax, e.g., from East Africa. Russia is a very large
user of beeswax and imports considerable amounts from Asia. Much of
the Indian wax is exported to Great Britain and to Germany from Bengal,
Bombay, Madras, Burma, and Sind. The Indian, Chinese, and Japanese
insect waxes are satisfactory for technical use, but are barred from medical
use by the Pure Food and Drug Act.

The uses of beeswax in the arts are numerous. Many hundreds of tons
of beeswax have been used in the past in making candles in Russia, and the
use of beeswax for the same purpose is a thriving though dwindling industry
there today. The Roman Catholic Church uses large quantities of bees-
wax in the form of candles. The Church prefers the beeswax candle because
of its perfumed odor when burning, whereas candles of paraffin and stearin
give an offensive, greasy odor, and darken mural and other decorations.

Beeswax is used by electrotypers for taking wax impressions, and also
by natural wood finishers, as it produces a well polished surface with a
minimum effort of application. Root!*? records that a very satisfactory
floor finish can be made by melting a pound of beeswax, and while it is cool-
ing, stirring into it some turpentine, the amount depending upon whether a
thick or thin paste is desired.

Beeswax is used in modeling flowers, fruits, illustrations of botanical
specimens, and the finest work in the arts. In using beeswax for these
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purposes, a small quantity of lard oil or olive oil is added to make the wax
more pliable. Lewkowitsch® states that modelling wax in Germany
usually consists of beeswax 5, oil of turpentine 1 to 1}, and sesame oil
1 to } parts. Beeswax is used extensively in the medical arts. Shoe
pastes made in part with beeswax will withstand more dampness than those
made with cheaper substitutes. The resistance of beeswax to extremes of
heat and moisture make it of considerable value to the electrical industry
for soaking windings of wire.

Pattern makers also use beeswax, as do manufacturers of carbon papers.
Dentists use it to take impressions in the mouth. Manufacturers of
precision glassware employ beeswax in the art of etching flasks, pipettes,
graduates, burettes, thermometers, etc. because of the facility with which
it can be cut by a stylus, and because it resists the subsequent treatment
with hydrofluoric acid, and can easily be removed from the glass after
etching.

Although beeswax is not used exclusively for most of the purposes
mentioned, it is generally speaking the wax preferred by the artisan for
these purposes. The National Farm Chemurgic Council has reported
that beeswax is being used in connection with the manufacture of at least
four hundred articles—from ammunition, cosmetics, and medicines, to
protective coatings on airplanes.

ScaLE INsEcT WAXES

Family Coccidae

There are a number of genera of the family of Coccidae that furnish
waxes, although only two have been of economic importance thus far,
namely Coccus ceriferus, the source of the Chinese insect wax of commerce,
and Tachardia lacca, furnishing stick-lac wax, or in its refined form com-
mercial shellac wax.

In the order Coccidae there is a sub-family Coccinae, in which the
“scale” is merely the thickened surface of the insect, instead of being a
separate housing of the body. The Pulvinaria is a genus which secretes
a mass of cottony material in which the insect places its eggs. The genus
Coccus belongs to the Coccinae, as do also Brahmea, Tachardia, Cerococcus,
and Pulvinaria. These insects are referred to as “‘coccins.”

The scale insects which have a wax shell housing separated from the
body are known as “‘coccids.”  Ceroplastes is the best known genus; others
furnishing waxes are Iceria, Sasakiaspis, Prontapsis, and Tachardina.
The character of the wax will change somewhat depending upon the species
of host plant on which the insect feeds, these plants in the far East being
privet, citrus fruit, tea, etc. Most of the studies of the waxes have been
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made in India, China, and Japan. The eggs deposited by the scale-insect
may be transferred from one host to another to secure the best commercial
yields, as in the case of the Coccus ceriferus.

Chinese Insect Wax

Chinese insect wax, also called Chinese wax and China wax, or “pe-la”
by the Chinese, resembles spermaceti in whiteness and crystalline appear-
ance, but it is of greater hardness and friability. The wax is the product of
the scale-insect, Coccus ceriferus, Fabr. (Coccus pela, Westwood). The
insects are deposited on the twigs and branches of the Chinese ash, Frazinus
Chinensis, Roxburgh. The insects closely infest the twigs and become
imbedded in a waxy material, which when scraped off with the insects,
constitutes the crude wax. It is purified by melting and straining. Cooper'¥®
in his “Travels of a Pioneer”’ in China tells of its production in the manner
described below.

The seat of the industry is in the province of Szechwan (Sze-chuen) in
China. The “wax trees” are cut down to a height of eight feet leaving no
branches, the trunks sending forth shoots in the spring. The insects are
cultivated in a different province, that of Yunnan. Here the brown pea-
shaped scales containing the larvae of the wax insect are developed on an
evergreen Ligustrum luditum, Ait (large-leaved privet) as a host. From
Yunnan vast quantities of eggs or scales are shipped to Szechwan cach year,
where they are received in little balls the size of peas. These are suspended,
enclosed in young leaves, on the shoots of the tree in March. In about
two months the larvae emerging from the packets feed on the leaves. They
soon attain the size of small butterfles, spreading themselves in immense
numbers over the branches, which are so whitened by them as to seem
covered with feathery snow. The grub, as it advances to the chrysalis
form, buries itself in a white secretion which covers all the branches an
inch thick. These are then cut off near the stem and divided into small
pieces, which are tied in bundles and put in large cauldrons, where they
are boiled in water till the wax melts and rises to the surface. The wax is
then skimmed off and run into moulds, where it hardens. It is said that
1500 insects produce 1 to 2 grams of wax. A pound of larvae scale will
produce 4 or 5 pounds of wax.

Although Chinese insect wax has been defined as a product of Coccus
ceriferus, there is another variety produced by Brahmea japonica, according
to Huminski.® He states that the wax from Coccus ceriferus is a yellow
wax of which ceryl alcohol (CyyHgsOH) and cerotic acid (Ca7HgOs) are the
principal constituents; these occur in the form of the ester, ceryl cerotale.
The Brahmea japonica wax is a white wax which contains, in addition to
the ceryl alcohol and cerotic acid components, a non-saponifiable, stable,
crystalline hydrocarbon, heptacosane CarHjs.
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Chinese insect wax is usually defined as yellowish-white, very hard,
brittle, fibrous, crystalline, and translucent. The wax has a specific
gravity of 0.950 to 0.970 at 15°, and 0.809--0.811 at 98-99.°'* ]t has no
characteristic smell or taste. Chinese wax melts at 80.5-83.0° (177-181°
F). The wax is only slightly soluble in alcohol and ether, but is freely
soluble in hot petroleum spirits and in benzene; it is insoluble in water and
in cold turpentine. Chinese wax has an acid value of only 0.2-1.5, a
saponification value of 78-93, and an iodine value of about 1.4.

The identification of the alcohol and acid components in Chinese insect
wax has been a subject of considerable discussion, however. According to
Gascard,¥ Brodie has shown that Chinese wax is almost exclusively formed
of the ester of ceryl alcohol and cerotic acid, to which he assigned the
formulas CyHiO and CayrHsO, respectively. Marie of Paris, Gauthier-
Villars, in a thesis published in 1895, assigned the formula CgH;00:2 to the
cerotic acid found in beeswax, and gave the acid a melting point of 77.5°.
Gascard4 in 1920 declared that the cerotic acid in Chinese wax was not of
the same composition, but that Brodie had identified the same acid in bees-
wax and has assigned it the formula Cg1150, (m. 78°). Gascard prepared
cerotic acid by the acetic bichromate oxidation of ceryl alcohol isolated
from Chinese insect wax, and found the acid to have a melting point of 81.5—
82° as crystallized from benzene. The highly purified wax or ester, ceryl
cerotate, melts at 84°, and may be converted to calcium cerotate, and then
changed to cerotic acid by treating it with glacial acetic acid. The cerotic
acid had a melting point of 82-82.5° and crystallized from benzene in
little white plates. Gascard, like Brodie, concluded that Chinese insect
wax consists mainly of the ester of ceryl alcohol Ca7HzO (m. 79.5-80°)
(499%,) combined with cerotic acid, Co7H3O; (m. 82-82.5°) (519,). The
acid found in beeswax and designated by the same name Gascard believed
to be different, since it melts at 77.5° and appears to have the formula
CasHs20; or CosHio02.

Huminski® in 1935 referred to the older formula CzH 3,0 for ceryl alcohol
as noted by Henriques,* and then assigned the formula C,;HsO as the cor-
rect one. However, it is to be noted that in 1920 Gascard*” had already
confirmed Brodie’s assignment of Cq;H;s0 to ceryl alcohol, by isolating it in
pure crystalline plate form (m. 79-80°). In 1935 Collins® separated the
n-aliphatic acids present in Chinese insect wax by fractional distillation of
the ethyl esters in 0.5 mm vacuum. Mixtures of Cg, Cis, Ca, and Cj
acids were obtained. Of these esters 22 per cent of the higher fractions
melted between 62.5° and 70° (indicating neomontanic and myricinic acids).
The presence of the Cso acid had not been reported previously.

If the composition of Chinese insect wax were almost entirely ceryl
cerolate (b), CeeHyCO-0Cq;Hgs, as often reported, the ester value would
approach 71.1. The actual ester value of the wax is appreciably higher
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than this, generally above 78 and sometimes as high as 92. Although the
wax contains a little resin this would hardly account for the high ester
value. Collins’ separation of a C,, acid does account for a lower molecular
weight ester than the C,; ceryl cerotate. The lower ester is undoubtedly
ceryl lignocerate, which has an ester value of 76.5.

The chemical composition of Chinese insect wax appears to be about

as follows:

Esters of Monobasic Acids: 95-97 per cenl
myricyl lignocerate (295), m. 83°
neomontanyl lignocerate, m. 81°
ceryl lignocerate, m. 79°
ceryl cerotate (b) (20%,), m. 84°
ceryl neomontanate (209,), m. 85°

Resins: less than 1 per cent
Free Wazx Actds: }-1 per cent
cerotic acid (C), (Cza, Czs), m. 82-82.5° ((})
Free Aliphatic Alcohols: less than 1 per cent
myricyl alcohol, m. 80.0° (GG)

Hydrocarbons: less than 1 per cent
heptacosane, m. 59.5°

Uses of Chinese Insect Wax. Chinese insect wax is marketed in thick
round cakes weighing 16 to 20 kilograms. It is of considerable value in
China and Japan, where it is used in the manufacture of candles and medi-
caments. Stock!? says that it is used as a coating material for Chinese
yellow candles. It is also used in treating silk and cotton fabrics; in the
sizing and glazing of papers; and for electrical insulation. It is seldom used
in the shoe cream and polish industry, but is used to a limited extent in the
manufacture of furniture polishes when it is frecly obtainable as an article
of commerce. The wax foundation of one American polish is said to have
consisted of carnauba wax 1, African beeswax 1, and Chinese insect wax 1

part.

Shellac Wax

This wax is derived from the Lac insect, Carteria lacca, mixed with
non-waxy substances, such as resins, coloring and other matters. An
analysis of the actual constituents of crude lac shows the following amounts
of wax: Stick-lac 6.0 per cent, seed-lac 4.5 per cent, shell-lac 4.0 per cent.
The lacs are only partially soluble in alcohol, because the wax constituent
will not dissolve in alcohol or methylated spirit at ordinary temperatures.
Therefore, the wax can be made a by-product in the preparation of spirit
lac. Stick-lac is the name given to the crude lac just as it is removed from
the trees. The crude lac is melted in water and beaten to deprive it of
its red color, and the resulting seed-lac goes through a process of refinement
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Figure 3. Lac bugs attached to
the branch of a Lac tree. Male,
female and young insects greatly
magnified.

to produce shell-lac or orange shellac. In making refined (dewaxed), bone
dry, bleached shellac about 3 or 4 per cent of wax is obtained, based on the
quantity of raw lac used.

To dewax shellac spirit varnishes, the London Shellac Research Bureau
recommends the following procedure. Wax containing shellac varnish
(75 gal) is mixed with 25 gal of white spirit (dse 0.7924); the mixture is
heated to 70 —80° for a half hour; then the heating is discontinued and the
mixture is allowed to cool and settle. The wax particles swell and rise to
the surface of the varnish with the white spirit, and the clear varnish can
be run from the bottom of the vessel after 24 hours (85 to 90 per cent yield
of clear varnish). The white spirit can be used at least three times for
dewaxing fresh batches of varnish. If the mixture is not heated, at least
48 hours will be required for the wax to separate. For rapid separation, the
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concentration of lac in the varnish is critical, 3 Ibs of lac per gallon of indus-
trial methylated spirit being the optimum. For example 28, 36, 40 and 48
hours are required for the wax to rise to the surface when varnishes 2.5,
4.5 and 6 1b “‘cut” per gallon, respectively, are treated with white spirit
with the heating procedure.

If shellac (containing wax) is shaken with two organic solvents, one of
which dissolves the shellac, e.g., alcohol, and the other, of lower specific
gravity, which disso}ves the wax, e.g., benzine, separation of the wax may
be effected. Agitation with these solvents is done in the cold and is con-
tinued until all the shellac has dissolved. Upon standing, the mixture is
separated into three layers. At the top is found the wax in benzine, at
the bottom shellac in alcohol, and there is an intermediate layer of undis-
solved suspended wax particles. This is the method proposed by Mar-
wedel.®

Shellac wax has excellent gloss-producing qualities somewhat similar
to those of carnauba. The specific gravity of ordinary shellac wax is 0.971-
0.980 at 15.5°; the melting point 74-78°, or lower than that of carnauba
wax. The acid value is 12.5 to 16.0, saponification value 100-126, ester
value 84-114, unsaponifiable matter 72 to 76 per cent, and ash 0.08 per
cent.

Shellac wax is practically insoluble in alcohol at room temperature,
only 0.067 gram dissolving in 100 ml of 95 per cent strength. It is par-
tially soluble in diethylene chloride, 1.19 grams dissolving in 100 ml of
solvent at 37°.

The following analysis is one furnished by Gillespie-Rogers-Pyatt Co.,
New York, of a sample of shellac wax of good quality: sp. gr. at 20° 0.972,
m.p. 82° (closed capillary), 80° (falling drop), saponification value (in
butanol solution) 46.7, direct acid value 1.2, iodine number (Wijs) 1.25,
ash 0.045 per cent, hot kerosene-insoluble 0.072 per cent, hot choloroform-
insoluble 0.034 per cent, moisture and volatile 0.21 per cent, ester value
45.5.

Shellac wax has a dielectric strength varying from 356 to 418 volts per
mil, which is much lower than that of the shellac. However, it has a
breakdown voltage which compares favorably with that of shellac, and the
presence of the wax in the shellac facilitates proper molding in the electrical
industry.

Gascard® in examining the residual wax of stick-lac (Tachardia lacca),
after the resin was extracted with alcohol, found it to yield an ester,
lacceryl laccerate (m. 94°) which on saponification gave laccerol (lacceryl
alecohol) (CsHeOH) in rhomboidal plates (m. 88°) and lacceric acid
(Cs1HeCOOH) in rhomboids (m. 95°-96°), and also proved the chemical
structure of lacceryl laccerate.
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A shellac wax from Madagascar is exported under the name of “Lokom-
bitsika,” and has been reported to be that formed by the inscet Gascardia
madagascariensis. The resin produced from this insect is used for making
varnish, but the wax as marketed is said to have only 12 per cent of the
true wax ingredient.

Uses of Shellac Wax. True shellac wax commands a high price,
and is employed in the eclectrical industry. The demand for refined
shellac wax exceeds the supply, which in the United States does not exceed
50,000 Ibs a year. The high melting point and electrical insulation value
favor its use in electrical appliances. In shoe creams the addition of a
little shellac wax to an otherwise ordinary formula containing montan
wax and paraffin is a means of producing a high luster. Shellac wax for
such purposes is said to be frequently adulterated with Chinese insect wax,
tallow, resin and montan wax.

The composition of stick-lac wax when substantially free from shellac
resin is about as follows:

Esters of Wax Acids: 6062 per cent
ceryl lignocerate, m. 79°
ceryl cerotate, m. 84°

lacceryl laccerate, (10-129)
ceryl aleuritate,* (less than 19,)

Free Wazx Acids: 1 per cent
lacceric acid, m. 95-96°
Free Wazx Alcohols: 35-35 per cend

neoceryl (tachardiacerol) m. 80.1° (Tschirch)
lacceryl, m. 88°

Hydrocarbons: 2-6 per cent

pentacosane (tachardiacerin) (2%
hentriacontane

*Aleuritic acid is *9,10,16-trihydroxypalmitic acid, I10.-CH;-(CH,)s- CH(OH),
CH(OH) - (CH,);- COOH

Aleuritic acid exists in the combined state as an ester, with a melting point of 82°.
This would more or less correspond to the ceryl ester. The commercial shellac waxes
have a higher ester value than the wax above cited because of the presence of the aleuritic
resins,

Miscellaneous Coccin and Coccid Waxes

Wax of Coccin, Erytherus Pela. Teng-Han Tang et al.'®® of China
reported the results on the identification of an insect wax other than the well
known Chinese insect wax, from which it greatly differs. The insect is of the
family Coccidae, growing in the neighborhood of Tsingtao. Either the
same or a similar wax had been reported by Koyama™ as having been
derived from the wax-producing insect Erytherus pela, Chevannel, grown
on the host plant Ligustrum ovalifolium, a species of privet. The wax was
extracted with ether and benzene with a yield of 87 per cent. Teng-Han
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Tang gives the following constants for the coccid wax: density 15° 0.9683
m.p. 50-51°; refractive index at 60° 1.4804; acid value 35-36; saponifica-
tion value 146-150; iodine number (Hanus) 35 to 36; Reichert-Meissl num-
ber 6.5; Polenske number 4.3; unsaponifiable substance 26.9 per cent. The
wax consists principally of wax esters, ceryl cerotate with less melissyl cerotate.
Much of the cerotic acid is in the free state. An unsaturated acid is also
indicated. Hydrocarbons are present to the extent of 21.8 per cent.
Cholestene (Cz:Hy) is present to the extent of 4.7 per cent. The total
alcohols (combined) amount to 7.45 per cent calculated as ceryl alcohol.
The total cerotic acid (m. 78°) free and combined amounts to 35.7 per cent,
and the unsaturated acid (resin acid) 29.9 per cent.  The principal hydro-
carbon is hentriacontane.

Koyama™ refers to a similar wax collected in the province of Kchigo in
Japan, and states that the wax acids contain 70 per cent of isocerotic acid,
15 per cent of cerotic (CyHs202) a Cog acid, and 15 per cent of the lower
fatty acids. No behenic acid was found. The principal unsaponifiable
substances are tsoceryl alcohol (C2;) and a smaller amount of melissyl alcohol.
The latter exists as mellisyl cerotate (C3oHei- CO-OCy:Hss).  The isocerotic
(Ce7Hs402) melts at 82°. TLower alecohols were found to the extent of
10 per cent, and they were identified as hexadecyl, octadecyl, and a lesser
amount of tetradecyl alcohol.

Wax of Coccus Cacti. Although Coccus cacti is best known as the
cochineal insect that produces a dye of value as a pigment and as a medicine,
it is of interest to note that the coating of its shell contains a wax which
gives it a silvery appearance. As early as 1885 Liebermann® isolated this
wax, gave it the name of coccerin, and assigned to it the formula
[CsoHeo(C'31HaOs)2].  Silver cochineal wax contains a fat (stearin, olein,
and fatty acids); a hydroxy acid known as cocceric acid (C5HeO3, m. 92-93°)
coccerin 0.5-1.7 per cent; and myristin. Coccerin is now considered as an
ester of one mole of cocceric acid with one mole of the dihydric alcohol,
cocceryl alcohol [CyHgo(OH),).

The red cochineal insect, Pseudococcus cacti, a native of Mexico, feeds
on the cactus plant, Nopalea cochenillifer, L., commonly called “copal.”
During the rainy season, a number of the females are preserved under
cover, upon the branches of the plant, and after the rains have stopped they
are distributed upon the plants without. They perish quickly after having
deposited their eggs. These, hatched by the heat of the sun, give origin
to innumerable minute insects, which spread theselves over the plant.
The females, which moved about before fecundation, bury themselves in
the leaves, increase rapidly in size, and finally appear more like excrescences
on the plant than animated insects. They are now gathered for use by
detaching them with a blunt knife, a quill, or a feather. They are destroyed
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either by dipping them, enclosed in a bag, into boiling water or by the heat
of a stove. If destroyed in the former manner they are subsequently dried
in the sun. Cochineal is the source of carminic acid, which has a brilliant
purple-red color.

The wax of the shell is of interest because of its peculiar chemical
make-up. It contains an unusual ketonic alcohol, namely, 15-keto-n-
tetratriacontanol [CH;- (CH,)5,CO- (CH,)ys- CH,OH]. It also contains
the corresponding ketonic acid and ester, together with triacontanic acid.
Chibnall® considered 15-ketotetratriacontanol to be cocceryl alcohol,
and coccerinic acid as a mixture of 13-kelotriacontanic acid and triacon-
tanic acid.

A coccin insect named Coccus azin furnishes a wax known as azin waz.

Ceroplastes Waxes. Perhaps the first coccid wax of the ceroplastes
genera to attract attention was that of the scale-insect, Ceroplastes rubens,
Maskell.® The insect was found to inhabit two species of acacia which
are widely distributed on the banks of the Senegal river, in French Equa-
torial Africa. The white insect wax of India is believed to be derived
from the same species of insect which infests the twigs of a shrub or tree,
Terminalia arjuna, and is not at all abundant. The wax is known as
Arjun waz, the name being taken from its host. The wax occurs on the
twigs in small mounds of a buff color, in which form it is collected. The
female of the coccid insect is always without wings and has either a scale-
like or a gall-like form; it is covered with scales of wax, which may be in
the form of a powder, of large tufts or plates, of a continuous layer, or of
a thin scale. Beneath this protecting substance lives the insect. All
scale-insects are plant-feeders, and obtain liquid food by means of suction.
They are injurious to the plants on which they feed, but this is compensated
by the economic value of the insect products obtained. A closely allied
species is Ceroplastes ceriferus, And.

Arjun wazx is moderately hard and brittle and of a rather pleasing
odor. It melts at 55 to 58°, or at a much lower temperature than China
wax. The density is 1.03 at 15°, and 0.997 at 40/40°. According to
Kono,” C. ceriferus has a density of 0.997 at 15°, and a melting point of
58-58.5°. Koyama’s reported the chemical constants of the C. rubens culti-
vated on tea trees as follows: saponification value 152.8, acid value 22.9,
iodine number 76.3. Kono,” however, reports somewhat different con-
stants for the wax of C. rubens. Koyama found that the wax isolated from
coccid scale grown on citrus trees was of a larger yield, 70 per cent, and had
the following constants: d40/40° 0.9921 m.p. 55-57°, saponification value
126, acid value 46.6, iodine number 130.5. The citrus coccid scale wax,
according to Koyama’ who isolated its constituents, is composed of melissic,
ceromelissic (Cs3HegsO2, m. 94°), ceroplastic (CssH7oOq, m. 96-98°), and a resin
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acid (CxHy0,;). The alcohols are melissyl, ceromelissyl, and ceroplastyl
alcohol, all primary alcohols. No ceryl or isoceryl alcohol or coresponding
acids were found. On the other hand Kono reports the presence of ceryl
alcohol.

The studies of Kono™ are tabulated below so that a ready comparison
may be made of the different coccid waxes of the genus Ceroplastes. The
method followed by Kono in isolating the ingredients was to separate the
wax into alcohol-soluble and -insoluble parts. The cold insoluble part,
which was resin-free, was recrystallized from hot alcohol, from which in
the case of C. rubens, Mask., melissic acid, ceryl alcohol, and an unknown
cyclic alcohol (Cy:His0, m. 68°) were isolated. Irom the alcohol-soluble
part a red colloidal mass was obtained, from which a resin acid resembling
abretic acid and a restnol were isolated. The resin acid had a melting point
of 163°. The chemistry of the resin acids and resinol has been recently
clarified by Kono, and these identified components of the ceroplastes waxes
are set forth in the tabulation.

Ceryl melissate is without doubt a mere mixturc of the monomers,
ceryl myricinate (Cq,Cio) and octacosyl laccerate (Cqs,Cs2), the alcohols and
acids giving the Cy; and C;; dimers when freed in the analysis.

The differences in the Ceroplastes waxes, based on the studies of Kono,”
are given helow:

C. rubens, Mask. C. ceriferus, And. C. floridensis, Comst,

Density at 15° 1.030 0.9975 1.012
Melting point 55-58° 58-58.5° 49-50°
Acid value 63.4 47.2 40.9
Saponification value 139.0 139.4 97.5
Ester value 75.5 92.2 56.6
Acetyl value 23.8 57.6 80.2
Iodine number 90.3 85.3 61.6
Neutral fat 36.5 19.4 27.7
Unsaponifiable 20.0 26.9 22.4
Melissic acid detected detected detected
Psyllostearillic acid —_ detected detected
Cerotic acid —_— —_— —
Ceryl alcohol detected detected detected
Isoceryl alcohol —_
Cyeclic alcohols CuH;s0 CsH,, O CeH1O

(bs 120°) (byo 95°) Cr2H20

(bs 140°)

Melissate of cyclic alcohol m. 68° detected —_—
Ceryl melissate m. 86° m, 85-86° —_—
Resmol CmHnO C,.HMO —

(rubenol, b, 190°)
Resin acids:

L CyH3,0: 1 — C1uH2Os d,l - CyxHiuO4
(rubeabie:;ic) (bhy 7°2—74°) inactive
(m. 163°) (o) 7D - 84.77
1I1. CxHyO: d,l - C3HwO, d- SJuHu()n
(rubenic) (m. 57°) 12° +81.56

(m. 88°) lo] 3
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C. rubens, Mask. C. ceriferus, And.

III. d,l - CyHuO:
(m. 43-44°)

1V, —_— d— CeHgO1o
(m. 33-38°)

L
la] ?’g- +74.62

71

C. floridensis, Comst.

d — CypHg0;
(m. 177°)

[a] lgf +16.35
d - CyaHnO
(b 140°)

[a] '] +46.44

Note: The optical rotation of rubeabietic acid is dextro, whereas abietic acid
(m, 171~3°) derived from colophony is levo. [a]p—86.9. Abietic acid is a carboxylic
acid of 1-methyl-7 isopropyl perhydrophenanthrene (CxHO;) of the following structural

formula:
H,C COOH
/ .

H,
H "\
Hye” \'( e H
21 .T
|
mh A
NSCHS T Ny
1L H)T J I ’
N —CH
Ho ™\, [
i, CH;

The approximate composition of the wax of Ceroplastes rubens, Arjun

wax, appears to be about as follows:

Neutral Fats: 36-37 per cenl
palmitin, stearin, olein, etc.

Alkyl Esters: 20 per cent

ceroplastyl cerotate, m. 90° (?)
lacceryl cerotate, m. 89° (?)
myricyl laccerate, m, 91°

ceryl melissate (Cy, Cn), m. 86°

Free Wazx Acids: 3-4 per cent

ceroplastic acid (Cy, Cu), m. 96-98°
ceromelissic acid (Csa, C,.S, m, 94°
melissic acid (Cs, Cs2), m. 90°

Resins: 34 per cent.

rubenol (resinol), b, 190°
rubeabietic (resin acid), m. 163°
rubenic (resin acid), m. 88°

Lactones: 1-2 per cent

4-methyl-4-decanolactone (bss 120-125°) (CyH140)

Hydrocarbons: 3-4 per cent
hentriacontane
cyclic (cholestene)

Esters of Cyclic Alcohols: (m. 68°)

myricyl and lacceryl esters of eyclic aleohol, C;;H,,O



72 THE CHEMISTRY AND TECHNOLOGY OF WAXES

Wax of Coccid Ceroplastes Grandis. Mollan," of Brazil, reports
on a coccid, Ceroplastes grandis, which feeds on the tree Mimosa acutifolia,;
when collected in dry weather the insect contains 8 per cent of a white wax
soluble in petroleum ether, or 10 per cent of a yellow wax soluble in ether.
The density of the wax is 1.0002 at 25°, and it melts at 49°. It has a
saponification value of 91.0 and an acid value of 30.3. It contains 65
per cent of unsaponifiable matter.

Wax of Pulvinaria Horii. 1In 1933 Kono™ reported on the coccin wax
of Pulvinaria horii, Kuw. The following constants are noted: di; 0.901;
m.p. 72.5-73°; acid value 12.3; saponification value 117.1; ester value
104.7; and iodine number 6.5. The wax consists primarily of ceryl cero-
tate (m. 75-76°), a small amount of cerotene (CesHse, m. 56.5°), an unknown
cyclic alcohol (CeHas0), and an unknown resin acid, (CisHz502,bz 5 72-74°).

Wax of Coccid, Iceria Purchasi, Mask. Kono and Maruyama’™® in
1933 reported on the composition of the wax from the shell of the scale-
insect, Iceria purchasi, Mask. This insect generally feeds on the citrus trees
as its host. A number of yvears ago this same species of insect threatened ruin
to the orange plantations in California, where it had accidentally deposited.
The blight had to be checked by parasitic insects, chiefly larvae of a lady-
bird beetle imported from Australia.

The waxy substance from the insect was extracted with benzene, and
the following constants obtained: density;; 0.914: m.p. 78°; acid value
61.2; saponification value 157.5; ester value 96.3; iodine number (Hanus)
56.2; acetyl value 118.3; neutral fats 67.25 per cent; and unsaponifiable
matter 31.5 per cent. The waxy substance after refining was determined
to be of the following percentage composition: o-hydrozy-benzaldehyde 0.2;
ceryl alcohol 9.9; vsoceryl alcohol 1.7; carnaubyl alcohol 0.7; cerotene 0.3;
octadecyl, tetradecyl and cetyl alcohol; 0.6; cerotic acid 35.5; palmitic acid
27.3; resin actd Ci0H140414.6; melissic acid 0.13; and stearic acid 0.8.

Wax of Coccid Sasakiaspis Pentagona. The insect body of the
scale-insect, Sasakiaspis pentagona, Tar., is reported to contain 26.8-27.0
per cent of wax, the composition varying to some extent with the kind of
host plant. The percentage composition of the wax is of the following
order: melissyl alcohol 27.5; melissic acid 13.0, cerotic acid 38.8, and resinol,
Ciol150 4.2.

Wax of Cerococcus Muratae. In 1933 Kono reported on the wax of
the insect Cerococcus muratae, Kuw. The wax is a dark reddish-brown
resin. It melts at 77-78° (much higher than the melting points of the
Ceroplastes waxes), has dy5 0.906, acid value 25.2, saponification value 212.8,
ester value 187.6, iodine value 15.06, acetyl value 110.4, neutral fat 72.96
per cent, unsaponifiable matter 15.79 per cent. The constituents in a hot
alcoholic extraction of the wax were isolated and found to be cerotic acid
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(m. 78°) and ceryl alcohol (m. 78°). Cerotic acid, isoceryl alcohol, und an
unknown hydrocarbon (m. 47.5°) were obtained from the portion insoluble
in hot aleohol. An unidentified acid (C;9Hz04, bs 145°, m. 12~12.5°) was
isolated from the portion soluble in cold alcohol.

Wax of Prontaspis Yanonensis. Kono™’ in 1936 reported on a
coccid wax obtained from the insect Pronfaspis yanomensis, Kuw, the
body of which consists of water, reducing sugars, cellulose, lignin, mincrals,
wax, pentosans, proteins, with traces of galactan and mannan. The wax
content was found by Kono 1o be 36.84 per cent. The wax has the follow-
ing constants: djs 0.939, m.p. 79--81°, acid value 14.6, saponification value
86.5, ester value 72.0, iodine value 13.1, acetyl value 9.8, neutral fat 74.80
per cent, unsaponifiable matter 26.20 per cent. Constituents are ceryl
alcohol 3.5, cerotic acid 25.0, lauric acid 2.0, melissyl alcohol 34.5, a resinol
(C1oH150) 8.5, and a distillate by steam distillation 0.5 per cent.”

Wax of Tachardina Theae. In 1939 Kono and Maruyama' reported
on the coccid wax of Tachardina theae, Green ¢t Mann, found only in
Formosa. From 140 parts of its wax they isolated melissyl alcohol 5.7,
ceryl alcohol 6.6, cocceric acid 0.7, melissic acid 15.4, myristic acid 33.6,
n-hentriacontane 0.7, dodecenoic acrd 8.4, and letradecenoic acid 24.4. The
dihydroxy acids of the latter, dihydrozy-decenic and dihydroxy-tetradecenoic
melts at 115.2° and 127.5° respectively. Glycerol and resin were also
found.

Wax Constituents of Plant Lice

A number of ordinary parasitic insects excrete wax in minute amounts.
These include psylla and aphids. Psylla are particularly worthy of mention,
since the waxes contain Cs aleohol, acid and ester.  Psyllyl alcohol (CsHgtO)
was first discovered in Psylla alni, and Psylla buxi, R. also appears to con-
tain the cster of psyllic acid and psyllic alcohol, together with Cyy and Cas
compounds in lesser amounts. The wax melts at 89.6 to 90.1°, and on
hydrolysis gives an acid (m. 92.7°) (ethyl ester m. 68.8°) and an alcohol
(m. 86.2°) (acetate m. 68.7°).

Cocoon Silk Wax

There is a waxy substance in the cocoon silk fibers of the Bombyz mor.
According to Masami®, this wax is extractable with ether from the cocoons,
and when the extract is dried it is orange in color and easily pulverized.
Eighty per cent of it is soluble in boiling alcohol. The crude wax melts at
65°. After purification by crystallizing several times from boiling alcohol
the product consists of 63 per cent of unsaponifiable substances and 37
per cent of fat and wax acids (m. 68-69°). The refined wax has an acid
value of 13.4, saponification value 110.8, and iodine number 4.5. The
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unsaponifiable of the refined wax contains 81.9 per cent of higher alcohols,
18.1 per cent of hydrocarbons, and no sterol. The unsaponifiable melts at
84°, and partly dissolves in acetic anhydride. The soluble part contains
ceryl and myricyl alcohols, and the insoluble part contains the hydrocar-
bons. The unsaponifiable portion purified from amyl alcohol and fum-
ing sulfuric acid is mainly hentriacontane. The fat and wax acid portion
has a molecular weight of 186.7 and a neutralization value of 300.5. The
part which is insoluble in water is mainly melissic acid accompanied by
some stearic and palmitic acids. The fatty acids soluble in water have a
molecular weight of 140.4 (caprylic acid, 144.2).

Part II: Waxes from Animals

Classification of Animal Waxes

Animal waxes may be classified as (1) those obtained from land animals,
and (2) those obtained from marine animals. The most important wax
of the land animal group is wool waz, commonly called wool fat, or in its
highly refined form, lanolin, of the second group, the most important wax is
spermaceti. Both these waxes are extensively used in the arts and indus-
tries. Marine animal waxes may be divided into two types: (a) solid
marine waxes and (b) liquid marine waxes. In the liquid type we have
sperm o1l and closely allied oils, all of which are free from glycerides, or
nearly so. The liquid waxes usually contain considerable amounts of
esters of unsaturated alcohols and acids, whereas the solid waxes contain
only esters of saturated components.

SoLip LaND-ANIMAL WAXES

Wool Fat (Wool Wax)

Wool waz, or wool fat, is the purified fat of the wool of the sheep. Lew-
kowitsch classified wool fat as a wax on the basis of its chemical composi-
tion, although commercially it is seldom so referred to.

Origin of Wool Fat. As it comes from the sheep’s back, wool is called
by the scourer “‘wool in the grease.” This wool is then turned out clean with
a moisture content of 16 per cent of the weight of the clean, dried wool.
If washing is done preliminary to sheep-shearing, the washed wool, freed
from yolk, will consist of about 73 per cent clean wool, 13 per cent water,
5 per cent soil, 4 per cent fat, 2 per cent potassium salts, and 2 per cent
of foreign organic matter. Unwashed wools contain 45 to 62 per cent of
clean wool, 9 to 13 per cent water, 9 to 16 per cent soil, 10 to 24 per cent fat,
4 to 6 per cent potassium salts, and 4 to 8 per cent of foreign organic
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matter. In wool grease the “suint” is the saponified portion which con-
tains the potassium salts. It is the wool fat which is recovered to be placed
on the market as lanolin.

Wool fat and suint are estimated on the basis of percentages on the
weights of the clean dry wool.*®

Wool Wool fat (75 Suint (%)
Australian 35 to 46 14 to 23
African 28 to 41 12 to 26
Peruvian 9to 14 29 to 35
English 9 27

The neutral portion derived from wool grease is largely composed of
cholesterin esters of several fatty acids and higher alcohols.

Lanolin. The United States Pharmacopceeia® defines lanolin as the
purified fat of wool of the sheep, Ovis aries, Linne, mixed with not more
than 30 per cent of water, whereas it defines wool fat as the purified fat of
the wool of sheep (Ovis artes, L.), freed from water. The latter is com-
monly referred to as anhydrous lanolin. The British Pharmacopceial®
defines wool fat as ‘“the purified cholesterin—fat of sheep’s wool,” a
definition which may be more expressive than that of the U.S.P.

Recovery of Lanolin from Scoured Wool. Scouring the raw. wool
is done with the aid of warm soda or lye and a considerable quantity of
water. In England the recognized type of merino wool-washing machine
is the fork-frame bowl.®® Three to five of these machines are employed
for steeping, scouring, rinsing, etc. The emulsion method of wool scour-
ing is universal in England; but in North America the solvent method is
largely in use, the solvent (benzine) being recovered by volatilizing and
condensing so that it may be used over and over again.

In the emulsion method the waste liquor or lye is passed through a
centrifugal machine in which the dirt and fat are separated, and the
cleansed soap liquor is continuously piped off into the vat which serves for
the acidulation, to be recovered as a by-product. The raw fat is then
heated with water (49 to 53°) so that it can be skimmed from the surface
and collected or cooled. For further purification it can be treated in the
centrifugal machine in melted condition, or it can be separated by suitable
solvents and the solution separated from the residue by filtration. The
solvents can be recovered by distillation. After the fat has been cleaned,
it is kneaded with water for a long time to obtain a perfectly white neutral,
colorless ointment, lanolin. From the deposit in the lowest part of the
centrifugal machine a further portion of lanolin may be recovered.

Wool grease varies in composition according to whether the suds from
wool scouring are kept separate or are mixed with the soap suds from the
scoured woolen goods in the woolen mills, where the wool is washed, spun,
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and woven. In the Bradford area of England something like 14,000 tons
of grease a year are scoured from raw wool and recovered. About one-
third of the wool grease is recovered by the wool combers themselves; and
two-thirds, by arrangement with local authorities, is dumped into the
sewers and recovered by the Bradford Sewage Disposal Works, as it
emanates from a large number of small wool-combing firms in that area.
The product of the wool combers, or straight grease, if of better grade, is
worked up into such products as lanolin, lubricating greases, metal-coat-
ing compositions, paints, etc. The sewage grease amounted to 9000 tons
in 1940, and its economic disposal presented a problem, as its sale in Con-
tinental Europe had been discontinued.

On distillation the sewage grease yields an oil (wool oleine), a wax (wool
stearine), and pitch. The wool stearine finds a ready market, but the
demand for oleine and pitch is limited. The grease itself was generally
recovered by first acidifying the effluent, filtering the sludge hot and allow-
ing the filtered grease and liquor to separate.

The yield of wool fat in commercial operations is dependent upon the
efficiency of the method employed in its recovery. Modern centrifuges
have stepped up the yield from 20 to 30 per cent to 60 to 70 per cent when
operating at a temperature of 70 to 75°. Naturally, larger fat losses or
poorer yields are obtained from unusually dirty wools. Lewkowitsch®?
states that the commercial yield of wool fat from New Zealand wool is
16.6 per cent, from Australian wool 16.0 per cent, from South American
wool 13.2 per cent, and from Russian wool 6.6 per cent.

Anhydrous Wool Fat. Anhydrous wool fat is a light-yellowish,
tenacious, unctuous mass, having a slight peculiar odor. It is insoluble in
but miscible with large quantities of water, a property not encountered
with any other wax. It is sparingly soluble in cold water, more soluble
in hot alcohol, and readily soluble in ether and choloroform. The hydrous
wool fat of U.8.P. grade is known in medicine as adeps lanae hydrosus, and
the anhydrous as adeps lanae. Unless otherwise specified, lanolin is con-
sidered as the hydrous kind, and contains about 25 per cent of adsorbed
moisture.

Physical and Chemical Characteristics of Wool Fat. Benedikt,* one
of the early investigators, gave the melting point of wool fat (German) as
36 to 41°. The solidifying point is considerably lower, or about 30°. The
index of refraction at 40° is 1.4781 to 1.4822, or 1.465 at 60° for Yorkshire
grease. Wool wax rotates the plane of polarized light to the right [a]p
= +6.70 at 35° (Walden). The chemical constants are as follows: acid
value 0.5 upward, saponification value 82 to 127, iodine number (Wijs) 15
to 47), Reichert-Meissl number 4.7 to 6.9, acetyl value 23.3, glycerol con-
tent 0. Mixed fatty acids melt at 41.8°, and have iodine number 17, mol.
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wt. 327.5. Mixed alcohols melt at 33.5°, having iodine number 26 to 36,
acetyl value 144, mol. wt. 239.

Physical and Chemical Constants for Refined Wool Grease

Unsapon.
8p. Gr. M.P. Acid Sapn. Yodine Matter
Kind at 15° (°C) Value Value No. (%)

Australian 0.940 - 15,56 112.7-113.3 16.5~29.6 ——
German 0.932-0.944 37.5-40.0 0.5-4.5 84.2-98.3 15.3-17.6 35-45
Hungarian e — 5.6 max. 88.1-95.6  42.7-46.9 40-46.4
New Zealand —_ —_— 143 110.5-112.5 26.5 44
North American 0.932-0.945 38.0-40.0 —— 82.0-127.0 15.0-29.0 39-44
Russian —_— — 13.9 94.2-95.9 —_ — 39
Yorkshire 0.943 (17°) 36.0-43.0 — 80.0-100.0 20.0-29.0 —

South American —_— 13.2 96.7-98.9 — — 43,5
Woofli VZ;)X (fully  0.904-0.919 48-55 18-22 139.0-140.0 35.0-56.0 32-42
refin

Wool fat is difficult to saponify, and in making an assay the saponifica-
tion value will increase appreciably as the time of saponification is length-
ened. According to Utz on a sample of German wool fat the value
increased in steps from 84.2 for 4 hour to 151.6 for 9 hours. This is attri-
buted to the presence of di- and trihydrozy acids as well as the monohydrozy
actd. The free acids in pure wool fat amount to less than 3 per cent,
although on the raw grease they amount to 10 per cent or morc. The
total fatty acids is determined by first saponifying and then separating
the fatty acids and working upon these. Heiduschka and Nier®” obtained
62.7 per cent of fatty acids by this method, together with 32.8 per cent of
unsaponifiable matter and 1.1 per cent of matter insoluble in ether. Frac-
tionation of the fatty acids gave cerotic acid (m. 78°) and lanoceric acid
(m. 102.5°). The cerotic acid was characterized by the preparation of the
known derivatives and of the following esters: propyl, m. 65.5°; isopropyl,
m. 75°; isobutyl, m. 65.5°; amyl, m. 63°. The lanoceric acid was trans-
formed into the silver salt and ethyl ester, m. 78°. The unsaponifiable
fraction contained ceryl alcohol, vsocholesterol, m. 135-137°) and cholesterol.
At least two other compounds were present, but carnaubyl alcohol could
not be identified.

According to Kochs,” Kleinschmidt stated that pure lanolin contains
41.9 per cent of higher alcohols. The lower unsaturated alcohols are
believed to be in a measure responsible for the emulsifying properties of
wool fat. The mixed alcohols of wool fat have a melting point of 33.5°
and a mean molecular weight of 239. The mixed fatty acids melt at 41.8°
and have a mean molecular weight of 327.5.

Lipson® extracted wool wax from the base of the fleece and found it
to have an acid value of 4.94 and an iodine number of 33.5. He then
attempted to separate the wax components by pouring a petroleum ether
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and benzene solvent through a column of alumina, with the result that it
adsorbed 21 per cent of the wax, with the free fatty acids at the top, the
free cholesterol (6 per cent) half-way down, and unidentified products,
probably esters of higher fatty alcohols, at the bottom. Saponification of
the unadsorbed filtrate gave lanoceric acid and lanosterol, with a small
amount of cholesterol but no agnosterol.

Kuwata and Ishii,” in Japan, made an extensive investigation of the
composition of wool fat, and found a considerable number of liquid satu-
rated acids having iodine numbers less than 15. The solid acids were
recrystallized repeatedly. Saturated Cis, Cis, Cis, C20 and C,; acids were
separated, but they were not identical with the corresponding normal acids.
They found new carboxylic acids of a so-called lano series: lanomyristic
(m. 58.5 to 59.5°); lanopalmitic (m. 44.5 to 46.0°), lanostearic (m. 54.0 to
56.0°) lanoarachidic (m. 56.8 to 58.4°). A mixture of lanomyristic and
normal myristic showed a definite melting-point depression. They also
found lanopalminic acid (lanopalmic) (Ci;sH30;, needles, m. 86.0 to 87.0°,
[alo= +5.23) and lanoceric acid (CxHgO,;). Another component is the
ester of lanopalminic acid, isolated from wool wax separated from the
scouring liquor of merino sheep wool. Lanopalmic acid (Ci;sH303) Kuwata
found to be a stereoisomer of a-hydroxypalmitic acid. The methyl ester
of lanopalmic acid melts at 45 to 46°; that of the a-hydroxypalmitic acid
melts at 58 to 59°. Kuwata and Katuno found two new alcohols in wool
wax; one is termed lano-octadecyl alcohol (m. 42.0 to 43.0°) and the other
lanyl alcohol (m. 79.5 to 80.0°). The latter appears to have the formula
CaH4(OH):. In separating cholesterol from wool wax, methanol is sug-
gested because of the low solubility of tsocholesterol (now conceded to be a
mixture of triterpene alcohols) in this solvent. FIrom the hot methanol
extract crude cholesterol wax precipitated on cooling, and pure crystals of
cholesterol (m. 145.0 to 146.0°) were obtained by recrystallization from
ethanol in ethyl acetate. Darmstéddter and Lifschiitz* as early as 1897 had
isolated lanopalminic acid (m. 87 to 88°) and lanoceric (m. 103 to 105°), as
well as the lower alcohols and cholesterol.

The chemical structure of agnosterol and lanosterol has always been
uncertain, even to the extent that they are regarded by some students as
triterpene alcohols rather than sterols, and all the more since they are not
precipitated by digitonin, as are the sterols. Other students do not believe
that they have the “picene’’ skeleton of 5 six-member rings of the triter-
penes, but do have the “phenanthrene’” skeleton of the 3 six-member rings
plus a five-member ring common to the sterols (see sterols, p. 17).

Many of these uncertainties have been removed by the recent investiga-
tions of Ruzicka et al.1'®> Attempts to separate zsocholesterol into its com-
ponents by chromatographic analysis failed, and recourse was had to the
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older method of fractional distillation of the acetylated mixture. From
the physical constants of the acetates and their saponification, Ruzicka
was able to isolate lanosterol (m. 140 to 141°); dithydrolanosterol (m. 142.5 to
143.5°); v-lanosterol (m. 156-157.5°); and agnosterol (m. 163.5 to 164.5°).
But Ruzicka adds that “lanolin may contain other tritcrpene or steroid
constituents” besides the aforesaid.

Little is yet known of the chemical structure of the lano-acids. They
are believed to have forked-chain hydrocarbons. For example, lanostearic
acid may have a structure of the following order:

CH;-CH-CH - CH,-CH,;-CH - CH,-CH,-CH,-('H,- CH-CH,-CH,-COOH
H, éII: CH;, CH;,
Chemical Composition of Neutral Anhydrous Wool Fat (Iodine No. 35)

Esters of Cholesterol and Fatty Alcohols with Fatly Acids: 73 per cent
(Ratio 47.5% alcohols to 56.79, fatty acids):

Lano acids: lanomyristic CuHa02
(7-719%) lanopalmitic Crel13,02
Esters, m.p. lanostearic (*13H360.
48-55° lanoarachidic CapH 40O
lanocerotic CasHpO2
Monohydroxy lanopalminic (16Hg0s (D&L)
acids: (36-36}9) lanoarachic Caol 03 (30) (A&H)
lanocerinic CaolleoOs
Dihydroxy lanoceric CaoHeQ4, m. 102.5° (D&L), and (or)
acids: (2-3%) CseHeiO4, m. 103-104° (K&I)
Zobsterols: cholesterol CyHOH, m. 145-148°
(10-119) 7,8-dihydrocholesterol C»H;OH, m. 128-129°
oxycholesterol CuHu(OH):
Unsaturated decenyl ol sOH
alcohols: (8%) hendeceny! C;HyOH )
lanolin atcohol C12Ho:OH (of Marchetti)
lano-octadecyl CisH3sOH, m. 42-43°
Saturated cetyl CisHyOH, m. 50°
alcohols: (8%,) carnaubyl C2H;OH, m. 68-69°
Dihydric
alcohols: (1.89,) lanyl CuHe(OH),, m. 78.5°
Free Fatly Acids (neulr. val. 170): 1 per cent
lanopalmic C1eHp03 (D&L)
lanocerotic CaH;20;, m. 78°
Free Alcohols: 25 per cent
ceryl alcohol CauHuOH
triterpene agnosterol CyH#OH (3 double bonds)
alcohols: 5% y-lanosterol CypHOH (2 double bonds)

cholesterol 1%,

Lactone: less than 1 per cent
lanocerin (lanoceri-lactone) C3HOs, m. 88°

Mineral Matter (K:O): less than 1 per cent
Hydrocarbons: 1 to 2 per cent
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Uses of Wool Waxes. Lanolin refiners in the United States have an
output of somewhat over 75,000 pounds of lanolin per month. The larger
part of the output is sold by refiners or dealers to the cosmetic trade. The
refined grades of wax, or lanolin, are used as an ointment base, and as a
superfatting agent for toilet soaps; they are very widely used in cosmetic
creams. Lanolin is one of the few greasy substances that are absorbed
by the skin and therefore finds use in skin softening, sunburn and “‘skin
food” preparations. Lanolin, when properly blended with eucalyptus oil,
makes an excellent pomade for the hair.

The poorer grades of wool grease are used in leather dressing as a finish-
ing and softening agent. In England, wool grease has been found useful
in the manufacture of paint, especially camouflage paint, and also in the
production of anti-corrosive metal-coating compositions. For example,
Howe’s® composition comprises petrolatum 32, wool fat 32, mineral oil 15,
and finely powdered mica 18. A composition of this kind may be applied
to polished machinery or parts by brush. When used in soap, wool greasc
retards rancidity, increases lathering power and prevents crumbling other-
wise due to dryness.

Wool Wax Alcohols. It is now possible to produce commercially
cholesterol and 2so-cholesterol, as well as ceryl alcohol from wool wax, or wool
grease, by the Drekter and Conrad process. In this process aqueous
barium hydroxide is used as the saponifying agent for the raw stock, and
iso-cholesterol is recovered by hot acetone treatment of the separated
barium soaps. Cholesterol is extracted from the dried filtrate by means of
hot methanol, the extract being distilled dry, and taken up with ethanol to
crystallize out the cholesterol. Ceryl alcohol is recovered from the mother
liquor by evaporating the latter to dryness with methanol or petroleum
ether, and crystallizing out the ceryl alcohol.

Wool wax alcohols were introduced into the British Pharmacopceeia in
the 6th Addendum. They are obtainable from either raw wool grease or
lanolin. The Wool Research Association® gives the following specifica-
tions for a select grade known as “Hartolan.” Ash 0.2 to 0.3 per cent,
soap 1.8 to 2.3 per cent, ester value 2.0 to 4.3, acid value 1.1 to 2.5, acetyl
value 128 to 133, iodine number (Wijs) 44 to 45.2, m.p. 60 to 61°, cholesterol
28.2 to 34.1 per cent, iso-cholesterol 10.8 to 12.9 per cent. This grade has a
mean molecular weight of 377, pH value 5.7, saponification value less than
8, flash point 393° F, fire point 474° F, viscosity at 200° F (Redwood No. 1)
232 seconds; unsaponifiable matter 96-98 per cent, specific rotation —11.8.
The material has a brownish-yellow, wax-like structure, and is very brittle
at 10° F. It does not become rancid.

Wool wax alcohols, according to Lower,® have the following applica-
tions: adhesive plasters, emulsifying agents, ointment bases, as artificial
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bile injections, suppositories, in leprosy treatments and antirachitic
preparations, cosmetic preparations, biological creams, sun-tan preven-
tives, hair bleaches, vitamin and hormone preparations. An example of
the latter is estrogenic hormone cream.

Wool-Grease Soap. A solvent-extraction process for the removal of
unsaponifiable matter from wool-grease soap has been patented by Smith
and Campbell.’?’» The object of this is to assist in milling and to prevent the
powdered soap from caking in storage. At a temperature of about 500° F
the molten soap is run from the bottom of the soaping vessel in a thin layer
onto a wide sheet-metal conveyor under which cold air is blown. The
soap congeals rapidly and detaches itself, mainly in continuous lengths,
from the end of the conveyor. In its tough plastic state, at about 200° F,
it is taken by the ribboning or milling machine, which has three cast-iron
rolls running at different speeds. The soap is fed from a hopper between
two of the rolls, passing around the second roll and between it and the
third roll, around which it passes and is removed by a scraper. If a
serrated scraper is used, ribbons are formed.

The solvent extraction is done in a jacketed rotary-drier type of
extractor vessel. A mixture of acetone with trichloroethane, carbon tetra-
chloride, or benzine is used. Methylethyl ketone and other ketones may
be used in place of acetone. It is advisable to keep the solvent mixture
down to a minimum gravity so that the soap ribbon will not float too near
the surface.

SoLip MARINE ANIMAL WAXES

Spermaceti Wax

Spermaceti as officially defined® is a “‘peculiar, concrete, fatty sub-
stance, obtained from the head of the sperm whale, Physeter macrocephalus,
Linné,” and is in ‘“‘white, somewhat translucent, slightly unctuous masses
of a scaly, crystalline fracture and pearly lustre, with a very faint odor and
a bland, mild taste. It becomes yellowish and rancid on long exposure to
air.”

Spermaceti is found in the head cavitics and blubber, where it is dissolved
in the sperm oil while the whale is living. After death, it concretes into a
white spongy mass consisting of spermaceti mixed with oil. The sperm
whale is the largest of the toothed whales, called also cacholots. It is
from 60 to 80 feet in length, with an enormous head, 30 feet in circum-
ference, in which there is a large hollow on the upper surface of the skull.
This is filled with a peculiar fatty tissue. The oil contained in cells in this
cavity, when refined, yields spermaceti; the sperm oil of commerce is
derived principally from the thick covering of blubber, which completely
envelops the body. When the spongy mass is removed from the head, the
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oil is allowed to scparate by draining. The mass is boiled in a 2 to 3 per
cent lye solution to clean it; it is then washed frec from alkali, and the wax
melted and moulded into cakes. Spermaceti also occurs in the bottle-nose
whale. Balaena rostrata* and in some other cetaceans, but npt in the oil of
whalebone whales.

The specific gravity of spermaceti is 0.938 to 0.944 at 25° and 0.842 at
100°. Kebler® examined twenty samples of spermaceti and found a specific
gravity of 0.905 to 0.945 at 15°. The German Pharmacopceia V limits
the specific gravity to 0.940-0.945, which has been criticized as being too
close. The refractive index at 70° is 1.4397 or thercabouts.

Properties of Spermaceti. It is interesting to note the various melting
points recorded by early investigators for pure spermaceti: Saussurc 47°,
Chevreul 44°, Stenhous 41.6°, Wimmel 44-44.5°, Riidorff 43.5 to 44.3°,
Person 42.7°, Berzelius 44.7°, Liebig and Bolley 44 to 45°, Chateu and Schu-
barth 45°, Bunsen 47.7°, Pouillet and Miiller 49°, and Dulk 50°.

The melting point of spermaceti should be within the range of 42 to 50°
(107.6 to 122.0° F) according to the United States Pharmacopceia, and
46 to 50° (114.8 to 122.0° F¥) according to the British Pharmacopaein.?®
However, the usual commercial article melts at 42 to 44°. Hanzely®
found the melting point of a fine specimen of spermaceti to be 45.8°.
Spermaceti is insoluble in water and nearly so in cold ethanol. It is soluble
in about 50 parts of boiling ethanol, also in ether, chloroform, ethylene
dichloride, carbon disulfide, fixed and volatile oils, and only slightly soluble
in cold petroleum benzine. It can be reduced to a fine powder by crushing
with the aid of a little alecohol.

As found in commerce, spermaceti is not chemically pure,* as it con-
tains a fixed oil and often a peculiar coloring principle. From these it is
separated by boiling in alcohol, which on cooling deposits it in crystalline
scales. When purified, it does not melt below 49°, is soluble in 40 parts
of boiling alcohol of specific gravity 0.921 (Thenard), and is harder, more
shining, and less unctuous than ordinary spermaceti. When re-crystallized
from alcohol as just described, the purified cetin is obtained, while the
alcohol on evaporation deposits an impure sperm oil. The cetin which
crystallizes out of the alcohol is essentially cetyl palmitate (Cy;sHz;CO--
OC,sHjs, m.wt. 480.83) that is, a compound of cetyl alcohol (C,sH3;OH)
and palmitic acid (Cy;sHs - COOH).

There are small amounts of other esters with the cetin and also sper-
maceti esters containing the acids stearic, myristic, and lauro-stearic, and
and the alcohol radicals corresponding to these acids. The alcohols were
identified as early as 1854 by Heintz and termed stethal (C,sH350), methal
(C1sH30), and lethal (C12Hy0), now known as octadecyl, hexadecyl, and
dodecyl alcohol, respectively. Common names are stearyl, cetyl, and
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lauryl alcohol, in the same order. Fatty acids obtained from spermaceti
oil, when esterified with the correct amount of glycerol or glycol, prodtice
diester products resembling japan wax.

The approximate chemical composition of pure spermaceti is given
as follows:

Esters of Monobasic Acids: 98-98.5 per cent

Saturated: lauryl myristate, m. 32.0° (1-29)
cetyl palmitate, m. 49.2° (90%.)
lauryl stearate, m. 49.0° (3-49)
cetyl stearate, m. 55.0° (1.19)

Unsaturated: Unidentified (1-29)

Free Monobasic Acids: 0.4 per cent
lauric acid CjH0,

Free Monhydric Alcohols: 1 to 1.5 per cent

cetyl CmHuOH, m. 50°
stearyl CisHyOH, m. 59°
oleyl CisH3:OH (traces)

Purity and Uses of Spermaceti. As spermaceti is occasionally adulter-
ated with stearic acid or with paraffin or both, it is often necessary to test
it for purity. Frerichs* recommends the following procedure: Heat one
gram of the sample with 10 ml of aqueous ammonia in a test tube until the
spermaceti is molten, shake well, cool and filter. The filtrate should yield
no precipitate on addition of hydrochloric acid. One per cent of stearic
acid, if present, gives a distinct cloudiness. Old samples, however, are
likely to give a filtrate which is milky, when the test becomes indeterminate.
In order to test for paraffin it is necessary to use absolute ethanol, the
resultant solution being applied also to the determination of the acid con-
tent; 0.5 gram of spermaceti must be completely soluble in twenty five
grams of boiling absolute ethanol. The solution should not be reddened by
phenolphthalein solution (absence of alkali), and should require for redden-
ing not more than 0.1 ml of 0.1V KOH. Admixture with stearic acid
would become immediately apparent in the test for acidity, unless the
sample were a very old one. The acid number should not exceed 2, the
iodine number will fall between 0 and 6, and the ester number between
116 and 133. Dunlop™® gives the acid value as 0 to 1.8; the saponification
value 120.6 to 134.6; the iodine value of the highly purified spermaceti is
0, but values up to 9.3 (by Wijs’ method) have been found, no doubt caused
by the presence of sperm oil. The usual iodine number ranges from 3.0
to 5.9. The specific gravity of spermaceti may be determined rapidly by
the usual hydrostatic method, with the aid of dilute ethanol, although
accuracy of results by this method is open to question.

In medicine, spermaceti is used as a demulcent in irritations of the
mucous membrane, but it has no remedial properties. An emulsion of this
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sort can be made by mixing spermaceti first with half its weight of olive
oil, then with powdered gum arabic, and lastly with water. Spermaceti
is used chiefly as a base for ointments, cerates, etc. Spermaceti Cerate
(Ceratum Cetacei, U.S. Pharmacopceia, 1890) is made by melting together
10 parts of spermaceti and 35 parts of white beeswax, and then adding 55
parts of warmed olive oil. Spermaceti is used in cosmetics, in the finish-
ing and lustering of linens, in laundry waz, and in special soaps and emulsify-
ing agents.

Spermaceti is used to a limited extent in the manufacture of candles,
and a little beeswax or other plastic wax is added to make the candles less
crystalline and brittle. It is important to note that spermaceti is the wax
used in the candle which defines our unit of candle power. The standard
candle of Great Britain, which was also legalized in the United States, is
one which weighs one-sixth of a pound and burns 120 grains of spermaceti
per hour. In the manufacture of the English standard sperm candle it is
prescribed by the Metropolitan Gas Referees in London that the wicks
shall be made of three strands of cotton plaited together, each strand
consisting of 18 threads. A number of other dimensional details are pre-
seribed, and a careful description of the wax to be used in making the
standard candle.

Cetyl Alcohol. Cetyl alcohol may be isolated® from spermaceti.
When 10 parts of cetyl alcohol are used in conjunction with petrolatum 70,
paraffin (m. 60°) 20, anhydrous lanolin 5, and the mixture ground with 100
parts of water, a good substitute for lanolin for many purposes is obtained.
Chevruel in 1818 isolated cetyl alcohol by saponification of spermaceti,
extracting the aqueous soap solution with petroleum ether. To secure a
good vield it is best, according to Axelrad,® to prepare it from the calcium
soap of spermaceti by distillation at a high heat. The wax is said to yield
40 to 45 per cent of cetyl alcohol by this method. In this process, 15 parts
of the melted wax are mixed with 20 parts of lime containing 5 per cent of
water, heated and stirred for six hours, the water being distilled at 100°,
and then the temperature allowed to rise to 340° when the cetyl alcohol dis-
tills off in the form of oily drops which solidify to a white mass (m. 49.5°)
on cooling. It is claimed that the distillation can also be conducted in
vacuo at a lower temperature. There is a fairly large commercial demand
for cetyl alcohol.

Cetyl esters can be produced from sperm oil by hydrogenating the oil,!1#
and separating the triglycerides by mild saponification in the cold. The
product is a diaphanous, crystalline, odorless and tasteless mass closely
resembling spermaceti and containing 75 to 85 per cent of compound cetyl
esters, 2 to 4 per cent of triglycerides and 10 to 20 per cent of cetyl alcohol.
It is said to have value in the production of cosmetics e.g., lipstick. Under
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the name of cetiol this hydrogenated form of sperm oil or spermaceti is
used to replace mineral oil in a superior non-foaming type of shampoo.

Liquip ANIMAL WAXES

Liquid waxes are those which are liquid at ordinary room temperature.
They are on the boundary line between the vegetable oils and solid waxes
in many of their physical and chemical constants, but differ from fatty oils
since they are virtually free from glycerides. They consist mainly of esters
of unsaturated alcohols with unsaturated fatty acids, in which respect they
resemble the true waxes, except for being liquid. They are less dense than
glycerides and do not thicken or dry on exposure to air—a highly advantage-
ous property; but they yield solid elaidins on treatment with nitrous acid.
The group includes marine oils, a vegetable oil, and a bird oil, as will be
mentioned.

In the marine animal waxes certain saturated and unsaturated alcohols
containing 16, 18, or 20 carbon atoms per alcohol, replace the glycerol
found in fats, and hence they are well termed “liquid waxes.” On cooling
they deposit material of wax-like properties consisting largely of cetyl
palmitate. Spermaceti is formed in this manner. In the separation of
spermaceti the yield is only ten to fifteen per cent, and much of the solid
wax remains dissolved in the liquid constitutents.

Sources of Liquid Waxes

Arctic sperm 0il is a liquid wax from the bottlenose whale, Hyperoodon
rostratus; it is also called bottlenose 07l and doegling oil. It has very similar
characteristics to sperm blubber oil of the true sperm whale or cachalot.
Dolphin ol is a mixture of liquid wax and fat from the dolphin, Delphinus
delphia. Sperm oil (sperm-head oil) is a pale-colored liquid wax from the
large cavity in the head of the sperm whale, Physeter macrocephalus, L.,
and is also known as spermacetr 0il and cachalot 0il. Jojoba 0il is a liquid
wax from the seeds of the plant, Simmondsia californica (see p. 172).

Mutton bird oil is a liquid wax from the stomach of the mutton bird, a
petrel known as Aestrelata lessoni. To quote L. Wilson Greene: “Why
liquid waxes occur in two species of whales, two of fish, one bird, and the
seeds of a plant is an intriguing question, especially when we consider that
the lipoids of other whales, fish, birds, and plant seeds are mostly fats.”

Mutton Bird Oil

Smith!?¥” stated that mutton bird oil was the first bird oil to be put
on the market. The output (from New Zealand and Tasmania) is small
and is not likely to be of commercial importance. The oil, which is found
in the bird’s stomach, has a ruby-red color and a not unpleasant fishy smell.
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The sample of Smith and two others obtained years later by Evers and
Foster® are described as follows:

Tasmani New Zealand

Smith (E. & F) (E. & F.)
Condition liquid liquid soft solid
Sp. Gr. 15.5°/15.5° 0.8819-0.8858 0.8835 0.9179 (20°/15.5°)
Refractive Index at 20° — 1.4712 1.4713
Saponification Number 125.9 125.9 200.0
Iogine Number (Wijs) 71.0 132.0 99.5
Acid Number — 5.7 6.8
Unsaponifiable 36.889, 31.19, 0.989,
Melting Point 30.5- 31.5° 32°
Titer 29.4 —
Ether-insoluble Bromides —_— 10.49, 0

(Gemmel test)

It is believed that the oil might be of value as a substitute for cod
liver oil, but little is known of its therapeutic value. The New Zealand oil
of Evers and Foster corresponds more to the body fat of the bird as
described by Smith, and which contains little unsaponifiable matter.

Sperm Oil

Sperm oil from the blubber and the cavitics in the head of the sperm
whale, Physeter macrocephalus, L., consists of esters of fatty acids and fatty
alcohols, a large proportion of which are either unsaturated in the alcohol
radical or in the fatty acid radical, or in both. The blubber or body oil is
the far more unsaturated of the two, and it is the head oil, or the more
saturated, that deposits on cooling the cetyl palmitate or spermaceti wax.

The oil prepared exclusively from the body blubber is orange-yellow
in color, and will deposit a considerable amount of crystalline solid
with the following consgants as determined by Toyama: 20%4°
0.8806; 30°/4° 0.8733; n '—51% 1.4620; acid value 1.24; saponification value

131.6; iodine number 82.4; unsaponifiable matter 36.40 per cent and
fatty acids 64.13 per cent. The fatty acids are orange-yellow in color
and liquid at ordinary temperature; d 20%4° 0.8918; 30%/4° 0.8847;
n 2%;— 1.4602, n 311(%— 1.4564; neutral value 199.2; saponification value 201.8*

iodine number 87.4 and ether-insoluble bromides 5.55 per cent. The fatty
acids consist of about 10 per cent saturated and 90 per cent unsaturated
acids. Myristic, palmitic, stearic acids and a little arachidic acid form the
saturated acids, the palmitic acid being preponderant. The acids of the
oleic series contain zodmaric and oleic acid, an acid CgoHys0,, and cetoleic
acid. An acid (CyH2s0,) is also present in small quantity. The unsaponi-
fiable matter (36.4 per cent) consists chiefly of oleyl alcohol, cetyl alcohol and
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octadecanol, of which oleyl alcohol (octadecenol) is preponderant. Cho-
lesterol is also present to the extent of 0.44 per cent.

Martin® gives the specific gravity of the body oil as 0.880 to 0.883 at 15°;
saponification value 123-133; iodine number 81-84; Reichert-Meissl value
0.60; fatty acids 60-64 per cent, alcohols 37-41 per cent, Maumene test
45-51. The high iodine number is indicative of the preponderance of
unsaturated esters.

Hilditch® directs attention to distinet differences in the chemical com-
position of sperm-head oil and sperm-blubber oil. According to Hilditch,
the head oil has a relatively high content of lauric and myristic acids; the
blubber oil is less saturated in its alcoholic and acidic components.

The following is the approximate composition of a typical sperm head
o0l baving an iodine number of 61.8:

0il Per cent
Myristyl caprate
Cetyl laurate
Hexadecenyl lauroleate
Oleyl myristate
Oleyl myrnistoleate’
Cetyl palmitate
Hexadecenyl palmitoleate
Oleyl oleate
Stearyl stearate
Eicosenyl eicosenate
Eicosenyl eicosdienoleate
Undetermined

[

H
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—

In the undetermined is a small amount of cholesterins. and traces of physeteryl
alcohol (tetradecenol). The hexadecenyl aleohol referred to is zoimaryl alcohol. There
is also present a small amount of d-glyceryl ethers.

Peculiarly, the unsaturated alcohol portion of the esters is as susceptible
to hydrogenation as the unsaturated acidic part of the molecule, whence
the unsaturated alcohols are convertible to cetyl, octadeyl, and eicosyl
(Cqo) alcohols. Hence hydrogenated sperm oil is capable of producing far
higher yields of spermacett wax of higher melting point and harder than
commercial pressed spermaceti. The sperm oils are free from linoleic acid
(C,3sHx03), which is found in ordinary whale oils to the extent of about 9 per
cent, and in a still larger proportion in some fish oils.

Chemistry of Sperm Oil. The chemistry of the unsaponifiable portion
of sperm oil is not so well known for the lesser components. Sperm and
arctic sperm (docgling) oils consist largely of oleyl alcohol (C1 HssOH), but
contain small amounts of alcohols known as batyl, selachyl, and chimyl.
They appear to be of the nature of glyceryl anhydrides. The study of the
latter is best made from the unsaponifiable portion of the liver oils obtained
from certain species of sharks and rays. Toyamal®, and more recently
Baer and Fischer’, have studied the configuration of the natural batyl,
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chimyl and selachyl alcohols. The relation between them may be explained
in the following simple manner even though they cannot be thus prepared:
CilliO + GCHs0: = CyHeOs + H.0

oleyl glycerol selachyl water
alcohol alcohol
CslHssO + CHgO; = CyuHO:s + H,0
stearyl glycerol batyl water
alcohol alcohol
CeHO + C;HgO; = CuyHuOs + H0
cetyl glycerol chimyl water
alcohol alcohol

Batyl alcohol has been found to be identical with d-a-octadecyl glycerol
(m. 71-72°); chimyl alcohol is identical with d-a-hexadecyl glycerol (m.
62.5~-63.5°); selachyl alcohol, according to Baer and Fischer,’ can also
be assigned to the d- series, because it is reducible to batyl alcohol. Selachyl
alcohol is also referred to as a-oleyl glyceryl ether, and chimyl alcohol as
a-cetyl glyceryl ether. Selachyl alcohol is found in the liquid portion of
the unsaponifiable; the other two alcohols are solid, the chimyl alcohol
predominating. The hydrogenated unsaponifiable melts at 64 to 68.5°.
Hydrogenated sperm oil contains octadecylic alcohol (stearyl alcohol) and
also batyl and chimyl alcohols. It is a wax-like product which has con-
siderable value for cosmetics and similar purposes.

The glyceryl ethers were shown by André to occupy a position between
the glycerides and waxes:

(R-CO-0);:-CslIs (RCO-0,)e- CsH5(OR') R-CO-OR’
glyceride glyceryl ethers wazes

The following tabulation shows the diffecrences between head oil and
blubber oil.

Head Oil Blubber Oil

Alcohol (%) (%)
myristyl, Ci 0 —_— 2.1
physeteryl, CiHxO —_— traces
cetyl, CuHuO 50 21.1
zodmaryl, C,sHs0 10-12 7.4
stearyl, C;sHy0 10-12 5.2
oleyl, CigHyO 25 497
eicosenyl (eicosenol) CzoH O 3-5 6.1
eicosdienol CooH 4 —_— 2.1
undetermined (glyceryl ethers) _— 6.5

Acid
capric, CioHyO: 4 _
lauric, CuHuO: 18 1
lauroleic, C;;Hz0: 6 —
myristic, C1/Hz0: 12 3
myristoleie, C1Hz602 16 3
palmitic, CysHnO: 8 8
palmitoleic, C;¢H300: 2 24
oleie, CnHqu 10 35
CeoHe 02 6 10-12

CuHy .0 - 10-12
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Commercial Sperm Oil. The sperm oils have been graded by the oil
refineries as winter sperm o0il, congealing below 38° F, the yield being about
75 per cent from the crude; spring sperm oil, congealing at 50° to 60° F,
9 per cent yield; taut-pressed oil, melting at 90 to 95° F, 5 per cent yield;
and crude spermaceti, melting at 110 to 115° F, 11 per cent yield. Sperm
oil is a thin yellow liquid, and when of good quality is nearly free from odor.
Allen gives its specific gravity as ranging between 0.875 and 0.884 at 15.5°.
Sperm oil stands at 44° to 46° on the Casartelli hydrometer. This hydrom-
eter used by dealers shows water at 0 and rapeseed oil at 28°. Southern
whale oil is said to stand 24° on the same scale. The flash point must
exceed 225°.

Sperm oil on saponification yields oleate and monohydric alcohols,
which is not true of ordinary oils; hence sperm oil is classified as a liquid
waz. Sperm oil yields 39.2 per cent of wax alcohols, and 1.3 per cent of
glycerol on saponification, cachalot 41.2 to 44.3 per cent of wax alcohols,
and Arctic sperm 38.0 to 39.2 per cent of wax alcohols. Sperm oil yields
60 to 63 per cent of insoluble fatty acids. Other oils yield a considerably
higher amount, and 10 to 12 per cent glycerol.

Sperm oil is preferable to any other fixed oil for lubricating the spindles
of cotton and woolen mills, and delicate mechanisms like watches, owing to
its limpidity and freedom from tendency to ‘‘gum’ and become rancid.
It retains its viscosity at high temperatures. It is used to some extent as
a burning oil in lamps, in hardening steel, in the manufacture of specialty
soaps, in dressing leather, and as a drawing lubricant. Bottlenose oil and
Arctic sperm oil are used for substantially the same purposes.

When sperm oil is mixed with mineral lubricating oil (e.g., 1 to 10)
and subjected to a silent electric discharge in a glass tube apparatus there
results a very pronounced increase in viscosity and greatly improved
lubricating properties in engines. The polymerized liquid wax constitu-
ent of the sperm oil is soluble in the hydrocarbon oils, and according to
Russell#» guitable formulations can be arrived at that will greatly increase
the viscosities in the range of 540 to 2000 seconds. Saybolt at 210° F.

Doegling or Bottlenose Oil

Doegling or bottlenose oil is a fluid very similar to sperm oil, par-
ticularly blubber sperm oil, with almost identical analytical constants.
It can be distinguished from sperm oil by its taste. It is lower priced than
sperm oil on account of its having a slight tendency to “gum.” The
constants for doegling oil have been given as : sp. gr. 0.875-.890, acid value
0.1-0.4, saponification value 123-144, iodine number 81.3-84.0, unsaponi-
fiable 3241 per cent.
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bale Qils

‘The principal source of supply of marine oil is the whale. Whale oil,
unlike sperm oil, contains little of the waxy constituents. In whaling
today the blue whale is sought, as its yield of product equals that of the
finbacks, two and a half humpbacks, or six sei-whales. These whales are
all of the rorqual family, and differ from the sperm whales, bottle-nosed
whales, and dolphins. German whaling aims are concerned largely with
the great blue whale, finback, and humpback, which provide food fats,
specifically whale-oil margarine. Such fats are also of prime importance
in the Scandinavian countries and elsewhere. American consumption of
the oil, on the other hand, has thus far related chiefly to the manufacture
of soap. High-grade tallows can be made by partial hydrogenation of
whale oil, and complete hydrogenation results in a high-melting, more
wax-like product. There are 24 floating factories and 281 whale-catchers
operating in Antarctic waters, producing half a million tons of oil—a far
greater output than that of the Arctic. The sperm whale is one of a family
order largely confined to tropical waters, but stragglers reach both polar
seas. Sperm oilis everywhere mixed with spermaceti, but a preponderately
large amount of spermaceti is obtained from the case occupying most of
the snout of its enormous head, and yielding almost 500 gallons of mixed
sperm oil and spermaceti. The production of sperm oil is insignificant in
tonnage when compared with that of common whale oil.

Part III: Waxes from Plants

The Ecology of the Plant Waxes

The outer wall of the epidermis of an adult plant leaf is thickened by
the deposition of cutin, a fatty substance highly impermeable to water;
usually the cutinized portion forms a continuous yellowish coat. Without
cutin the thin epidermis would be permeable because of its cellulosic com-
position. In the grasses and the rushes, silica is deposited in the cell walls
in addition to cutin. Plants of dry areas, such as deserts, dry rocks, and
dry sands, are known as xerophytes, and their leaves are highly cutinized.
Particularly is this true of the evergreen xerophytes, such as conifers,
ericads (revolute type, ¢.e., with edges curved under), and some of the
broad-leaved trees, e.g., live oak and olive. The leaves of many of the
alpine and arctic plants and of the peat are bogs heavily cutinized; so also
are those of the mesophytic evergreens (plants of fairly moist soil) such
as the yew and the hemlock. It is believed that the heavy cutinization
of the mesophytes of the dwarf plants like mountain hemlock (Tsuga
mertensiana, Carr.) may be due to limited root systems. Many leaves of
these scraggy (Krumnholz) plants appear “glaucous,” and have a bluish-
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gray film of wax, somectimes known as “bloom,” which is removed by
rubbing. Such waxy cutin retards the egress of water from leaves, and
greatly reduces the transpiration. Sometimes these wax deposits are
thick, forming a brittle crust, as in certain fleshy perennial herbs (Semper-
vivum spp.) and in the wax palms, or layers of vertical rods, as in sugar cane.

De Bary* distinguished four characters of wax coating:

(1) Continuous layers or incrustations of wax, e.g., on the leaves and
stems of purslane, Portulaca spp.; leaves of fuchsia, Zauschneria
spp.; yew, Tazus spp.; the stems of the wax palms, Cerozylon spp.,
ete.

(2) Coatings composed of multitudes of minute rods placed vertically
side by side upon the cuticle, e.g., on the stems of the sugar cane;
Coix lachryma, L. (Job’s tears grass), and some other grasses.

(3) Coatings of minute rounded grains in a single layer, e.g., on the
leaves of the cabbage, Brassica spp.; onion, Allium spp.; tulip,
Tulipa spp.; clove pink, Dianthus caryophyllus, L., ete.

(4) Coatings of minute needles or grains irregularly covering the sur-
face with several layers, e.g., on the leaves of the blue gum-tree,
Eucalyptus globulus, Labill; rye, Secale spp., etc.

As with hairs, but not with cutin, wax coats are best developed on the
under-leaf surface where the stomata (pores) are the most abundant, as
in this location it is the more effective in checking transpiration. Wax is
not the only means, however, as nature provides resin particularly where
there is intense heat from the sun’s rays, e.g., on the leaves of the creosote
bush, Covillea tridentata, Vail., and on many other desert xerophyles.

Wax may form an incrustation over the whole leaf, as in the bog
bilberry, Vaccinium uliginosum, L., which grows on the summits of moun-
tains in New England and the Adirondacks; or only on the stomatiferous
lower face, as in the bog rosemary, Andromeda polifolia, L., an evergreen
shrub; the small cranberry, Vaccinium oxycoccus, L., a creeping evergreen
vine; the mealy primrose, Primula farinosa, L., a species of willow, Salix
groenlandica; and the carnation grass, Carex panicea, L. Wax is found
excreted over the surface of certain hydrophytes, to protect them from
saltiness, as in the North American swamp-plants, Acer rubrum, L., red
or swamp maple, and Persea pubescens, Sarg., swamp bay, and others.

The degree to which wax on cuticle surfaces of the leaves, stems and
fruits, depresses transpiration was experimentally established by Tschirch
and Haberlandt¢ in 1882. Usually the coating produced is only a thin
one, but to take an opposite case, the hyssop of the Scripture, Capparis
sptnosa, L., at the commencement of the dry season in the Egyptian desert,
excretes a very thick layer of wax over the whole leaf surface that com-
pletely prevents transpiration. The thickness of the heavier wax coatings
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may range from 1 mm as in Sarcocalla spp., in South Africa to 5 mm in
Ceroxylon spp. in South America. Bloom-covered leaves usually have
no sharp teeth at their margins, and possess at most rounded teeth pro-
vided with hydathodes. As wax prevents water from wetting leaves, it
protects ombrophilous foliage from rain.

A group of xerophytic plants known as halophytes, since they are associ-
ated with salt water in maritime areas, have a glaucous, or mat blue-green
surface, on their Jeaves due to the wax coating, e.g., the sea pea, Lathyrus
maritimus, L.; the sea holly, Eryngium maritinum, L.; the sea lungwort,
Mertensia maritima, L.; yellow sea poppy, Glauctum flavum, Crantz;
the Crambe maritima, and Spinifex squarrosus. Included in these dune
plants is Elymus arenarius which has broad leaves glaucous with wax,
like those of the Triticum junceum.

In the fruits, deposits of wax in the cutinized layers of the epidermis
cause water to flow over the cuticle without being absorbed. This is the
case in such fruits as plums and grapes, on which the wax covering forms
the so-called bloom; it may consist of grains, small rods, or crusts.

Formation of Wax in Arid Plants. The plants which produce the
greatest amount of wax for their weight are those found in hot or tropical
climates, particularly in arid regions. Waxes from such plants have an
appreciable amount of hydrocarbons in their chemical composition; for
example, candelilla wax contains nearly 50 per cent of hydrocarbons. Some
plants in the temperate zones produce waxy material in their fruits, but this
is of a fatty nature, largely if not wholly consisting of one or more triglyc-
erides, for example, the wax of the myrtle berry.

In the arid plants, glycerides in the form of fat or oil, built up by a
reductive process and carboxylation, apparently are transformed into new
chemical entities, such as high molecular weight alcohols, acids, and hydro-
carbons. These processes are the result of the metabolic changes occur-
ring daily according to the presence or absence of light action, warmth, and
moisture, and the nature of the plant species. The processes of nature
involve carboxylation, reduction, hydrolysis, oxidation, decarboxylation,
and the photochemical reaction between hydrocarbons and hydroxy acids
to form esters, containing an even number of carbon atoms, and water.

For example, if tripalmitin and palmityl alcohol are taken as representa-
tive constituents of the fat, or oil, found in the pollen or tissues of plants,
we might expect to obtain melissic acid, pentadecane and glycerol by
hydrolysis and decarboxylation of this glyceride. When sunlight is absent,
the glycerol so formed would tend to retain moisture, but the arid con-
dition of the soil probably withdraws the glycerin to the plant roots, and
hastens the formation of more wax acids and hydrocarbons in the exposed
portions of the plant, thus reducing oily or fatty constituents to a minimum
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The decarboxylation of natural vegetable fats and oils proceeds in stages.
With tripalmitin it probably proceeds to a secondary stage with the
elimination of just two carboxyl groups, as shown in the reaction:

CuHuCO: CusHy

CisHyCO:—CsH; + H.0 — ‘CO;H + CjjHyH + CO: + C;H;(OH):
CI‘HIICO2 Cliﬁll
tripalmitin meal:':;ic pentadecane glycerol

Palmityl alcohol, accompanying the glyceride, would assimilate the
COs to produce hydrozymargaric acid thus:
C]GH“'OH + CO: nd C]J‘InO'COzI’I
palmityl hydrozymargaric
alcohol acid
Pentadecane arising from the decarboxylation then reacts with the
hydroxy acid to produce palmityl palmitate, which on subsequent decar-
boxylation yields hentriacontane:

CuHaH + HO-CO:-CigHsyy — CuHy-CO:-CiHas + H:0

pentadecane hydroxymargaric palmityl
acid palmitate
CIIHIICO2 * CIIII“ - CO2 i CIIH“ N H
palmityl palmitate hentriacontane

In metabolism it is possible to double up on the molecular weight of the
alcoholic group of an ester in the following synthesis:

CyHuH + HO-CO;-CiHy — CieHau-COy-Calle + Hi0
hentriacontane hydrozy%aroaric melissyl margarate
aci

Melissyl margarate is a constituent of Ghedda waz, and it is uncertain
whether the ester naturally occurs in the plant pollen, and is extracted by
the bee, or whether the bee produces it through the enzymes in its digestive
tract.

WaxeEs FROM PLANT LEAVES AND STEMS

Classification

Waxes from the leaves and stems of plants may be grouped in the
following manner for the sake of convenience.

(1) Waxes of palms. The wax is generally more abundant on the
leaves than on other parts of the plant. E.g., Copernicia cerifera, Mart.,
which provides carnauba wax.

(2) Waxes of herbs and shrubs. The wax is often distributed over
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the whole plant as well as on the leaves. E.g., Pedilanthus pavonis,
Boiss., which is a source of candelilla wax.

(3) Waxes of grasses and sedges. The wax covering is usually heavier
on the stem. E.g., Saccharum officinarum, L., which is the source of
sugar-cane wax.

(4) Waxes of broad-leaf trees. The leaves contain only minute
amounts of wax.

(5) Waxes of narrow-leaf trees. The leaves of the conifers yield
essential oils from which wax is often recoverable.

Group (3) covers the plant order Graminales. This order has two
families, the grasses (Graminee) and the sedges (Cyperacew). The plants
of the grass family generally have cylindrical hollow culms with swollen
nodes, which contain a considerable amount of wax. Some species of
Graminee are very tall and have woody, siliccous stems, e.g., the bamboos
of the tropics. The cereal plants are included in the grasses. Sedges are
relatively unimportant as wax bearings plants.

In group (4) the broad leaves of the maple, beech, and oak when mature
contain minute quantities of wax which may be extracted with ether. In
the leaves of the maple and beech, cerotic acid has been isolated, and also
phytosterols differing in their crystalline form. Wax is recoverable from
essential oils produced from certain broadleaf evergreen species of Eucalyp-
tus and the like.

(1) Palm Tree Wazxes
Carnauba Wax

Carnauba wax is obtained from the leaves of a species of an American
genus of palmn designated as Copernicia (or Copernica) cerifera, Martius,
named in honor of Copernicus. The name carnauba is believed to be a
corruption of the Tupi carnahyba, compounded from carand or carandd,
meaning scaly, thick-skinned or -barked, and yba, meaning tree or palm.

The carnauba is a straight-trunked palm of slow growth, attaining an
average height of 25 to 33 feet, but seldom more than 40 to 50 feet even
after 50 years of growth. The bark is scaly, rough, and thick, and the
leaves grow out from yard-long petioles in wide serried fan shapes. The
tree reproduces prolifically. The ovaloid fruit resembles a hazel nut, and
when ripe it falls to the ground, where dense clumps of shoots spring up,
some of which survive to form saplings.

The flowers are monoecious, very small and numerous, and grow from
an appendix in the axils of the leaves. During the dry months the leaves
and petioles exude a wax through the pores. Nature provides this wax
to prevent excessive evaporation of water from the plant. The summer
sun from July to December seems to stimulate the production of wax,
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Figure 4. Coperniciu cerifera, Mart. Well developed car-
nauba palms on dry ground which is only subject to periodic
floods. State of Parahyba, Brazil.

although the available wax may even increase with the occasional winter
rains,

The natural habitat of this Brazilian wax palm extends from Bahia,
near the banks of the S@o Francisco River, to the distant Amazon; that is,
in the semi-arid Brazilian Northeast. The states which are the principal
sources of carnauba wax are Ceard, Piauhy, Rio Grande do Norte, and
Maéranhao. There are two varieties of the carnauba palm which the
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Ficure 5. A grove of carnauba palns along the river bed of the Parnuhyba,
Brazil. The carnauba palm prefers to grow along the banks of rivers and lakes.

natives of the Northeast distinguish as white and red. A black variety also
exists. The palms have no master root; the roots stretch out over the
surface of the ground in search of moisture. The carnauba palm prefers to
grow along the banks of rivers and lakes, but it is also found in small
isolated groves from the damp lowlands along the coast to the forests of the
interior.

Economic Value of the Carnauba Palm. The carnauba palm is of
great value to the sertanejos,'®® the inhabitants of these flat semi-arid lands,
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and the historical evolution of the Brazilian sefao is closely allied with this
rough-barked, fan-topped palm, which supplies him not only food, drink,
and a cash crop, but also fibers for elothing, timber for housebuilding, and
even his light. The timber is hard and useful for laths to take plaster,
pilings which will resist the brackish waters, bridges, fences, and excellent
furniture. It is almost impervious to the attack of insects. The bark
may be used as firewood. The leaves are utilized for window and door
shades. There is food value in the tender end shoots and from them can
also be made wine, vinegar, and a saccharine substance. The bunches of
fruit, rust-colored when ripe and dried, may be crushed for cooking oil.
The roasted and pulverized fruit may be brewed to a coffee-like drink. A
starchy flour like manioc flour can be prepared from the medullary pith, or
the pith may be fermented to an alcoholic drink. A medicinal is extracted
from the roots. The saplings and tender shoots are fed to cattle in case
of drought.

The important hat industry of Ceard uses the superior quality of
carnauba leaves, turning them into hats similar to Panamas which are
shipped everywhere in Brazil. The natives sleep in hammocks made
from the fibers. Fine cordage, nets, baskets, mats, and curtains are also
woven from the fibers. The fiber from the petiole is made into brooms
und brushes. Although only the wax has given the carnauba palm uni-
versal renown, it can be readily understood that there is no plant in exist-
ence that is of greater value to the Brazilian native. For light he melts
a small portion of tallow with the wax, and solidifies the melt around
a cotton wick to form a candle. The carnauba candle, however, is not
the best source of illumination!

Harvesting the Carnauba Leaves. The cutting of the leaves and
sprouts generally takes place during the dry months of the year, usually
between September and December or January. The production of car-
nauba wax has been described by Walmsley."* Workers known as
“moradores,” a class of herdsmen, contract with, or are hired by, the
proprietor to remove the wax from the leaves of the stand of palm trees,
and to melt it for shipment. The “moradores” are also sometimes squatters
on the property, and receive a share in the profits of the harvest on the
share-cropping principle. They chop through the stems with a foice, a
curved sickle-like knife fastened to the end of a long pole. As the leaves
fall to the ground the long stems are slashed off and then the leaves are
carefully transported to a central terrace for drying in the sun. There are
two cuttings (sixty days apart) per tree in a normal year, but there is a
vield of only eight to twelve leaves per cutting. Only matwre leaves are
harvested. The sun-drying takes from three to five days. A suitable
drying terrace consists of a tiled or cement floor 10 to 14 feet square sur-
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rounded by an unroofed wall 24 feet high. The wax dust is very light and
flour-like and is easily dispersed by a slight gust of wind.

From the drying terraces the leaves, with their wax loosened by sun-
drying, must be transported with the greatest of care to the shed for trench-
ing, threshing, and beating. The shed is about 15 feet long and 12 feet
wide, and so constructed as to prevent any gust of air passing through it.
The operators work with the door closed, and trench leaves over tooth-like
blades fixed upright in a block of wood. The idea is to cut through the
fiber, thus splitting the wax-containing ribs apart and opening up the ‘webs.
The leaf is then ripped apart by hand to loosen the wax, and the leaves in
small bunches are beaten against a sort of wooden sawhorse to remove all
the wax dust. The spent leaves are thrown out of the hut. Afterwards
the dust is swept into small bins or closely woven bags preparatory to
melting. The walls and roof are also brushed to remove wax powder.
Three workers can handle about 4000 leaves a day.

Preparation of Carnauba Wax. Melting is carried out in the melting
room in either clay vessels or open iron pots, directly over a wood or char-
coal fire. The wax is also often bagged in powdered form and shipped to
the coast. In the native processing of carnauba wax, the flour is sometimes
melted down in an old 5-gallon petrol can from which the top has been
removed. A full 5-gallon can of powder will melt down to less than a
quart of molten wax. The wax is slowly melted over a fire, being stirred
constantly during the operation, and then strained through a thick cloth.
The procedure of harvesting and wax recovery here deseribed is commonly
used in the State of Ceard. In Piauhy, which is the only other very large
producing state, the practice is a little different, because of the danger of
expected rain. The green leaves are slit by long sharp knives into fine
shreds which remain attached to the butt end of the leaf, and the leaves are
sun-dried for only one day.

Various modifications in the recovery and melting procedure are
necessary to obtain the classified grades of carnauba wax, as they are
known commercially. A brief description will be given of these grades.
About 30 per cent of the total production is the melt from the olho leaf—the
young, yellow, unopened leaf that grows upward from the “cabbage ball,”
at the center of the palm. The powder is melted and the “top portion”
drained into little pans or saucers. This wax is known as cera flor or flor
fina. It represents only one per cent of the total production of carnauba
wax and is the most expensive. In straining the bulk of the molten wax
of the “olho” leaf through cheesecloth primeira or amarella primiera
(Yellow No. 1) is formed, which has a somewhat murky, pale yellow color,
contrasted to the clean and more straw-like célor of flor fina. Mediana
clara (Yellow No. 2) is quite similar, but grayish in color. Inferior gradesare



THE NATURAL WAXES 99

mediana roxa and canhype, which represent the wax recovered from the
residues, and are consumed locally. They are gray and grayish-black in
color.

Approximately 70 per cent of the output is obtained from the palka
grades, which are produced from the palha leaf, i.e., the fan-spread leaf
harvested from the same trce as the olho leaf. These palha waxes are more
greenish in color, varying from a pale greenish-yellow, characteristic of

\

A

Figure 6. A primitive press for extracting carnauba wax. The wax when
melted is strained through a cloth and the residue squeezed out under a heated
worm-screw block press, and caught in cans underneath.

the large mature leaves, to a pale gray-green; the inferior grades are gray,
dark gray, or even black. The palha wax is known as gordurosa—meaning
waxy—or as “north country wax.” The melted wax is drained into petrol
cans, after straining through cotton or burlap, and through beaten fibers or
leaves. If the chalky grade known as arenosa—meaning chalky—is desired,
it is made by adding a cup of sour salt water to the palha wax while melting
it. Arenosa is a more friable, porous wax of a pale grayish-green color
produced at the will of the native worker.

Instead of filtering the wax as above described, the molten wax is
sometimes quickly poured through a cheesecloth held by two natives for
the filtration, and then the center mass is squeezed with a pair of large
wooden pincers to get the wax out of the residue. Some of the modern
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establishments use a crude type of wooden filter press. The cheesecloth
holding the molten wax is placed in a cavity in a log over the bottom of
which strong fibers have been stretched. A block is placed on top of the
folded cheesecloth, and a long heavy pole is used as a lever to express the
wax from the cake. The molten wax is caught in an earthenware pan
of about 3 kg capacity and allowed to cool; the hardened wax is broken
away and hammered into chunks, and the residue is recovered later.

Theyield of wax per leaf varies with the age of the tree, the locality,
and the amount of rainfall which preceded the harvest. On an average
a leaf will yield about five grams of wax. With a maximum cutting of
twenty leaves per year from a tree, five carnauba palms will produce above
one pound of wax a year. The measure for carnauba wax is the arroba,
equivalent to 33 lIbs. About 15,000 to 30,000 palhas, or 28,000 olhos are
required to make one arroba. The average yield of the wax for each tree
is only 2.8 oz per cutting. There are probably 50,000,000 trees in produc-
tion, and of these 20,000,000 are estimated to be in Cears and Piauhy, and
5,000,000 to 6,000,000 in Rio Grande do Norte.

Grades of Carnauba Wax. Grades of the wax in its preparation have
already been referred to. A classification given by the Ministry of Foreign
Relations at Rio de Janeiro translates the native names for the various
types and denominations into the corresponding English grades:

Portuguese English
Cera Olho:
Cera Primiera Carnauba Wax Yellow #1
Cera Mediana Clara Carnauba Wax Yellow #2
Cera Mediana Roza Carnauba Wax Yellow #3
Cera Palha:
Cera Gorda Carnauba Wax North Country #3
Cera Gorda Clara Carnauba Wax Light Fatty Grey
Cera Arenosa Carnauba Wax North Country #2

Cera Cauipe

Tipo Especial, Muilo Raro: Special Type, Very Rare:
Cera Flor Carnauba Wax Flor

Both the #1 and #2 Yellow are quite alike, the #1 being superior in
color only. The “north country” grades, on being melted dry, are referred
to as toasted waxes. The refined grade is obtained by careful filtration.
The chalky grades come from Rio Grande do Norte, while most of the
“north country’’ grades are furnished by the State of Piauhy; these com-
prise nearly 55 per cent, the “Yellows” 30 per cent, and the “Chalky Grey”
15 per cent of the production. The latter contains an appreciable amount
of moisture (7 to 10 per cent).'s

Cera Gorda is a type which results from leaves that are over-mature or
dried out; hence its gray color. But it is regarded as waxy when con-
trasted with Cera Arenosa, which is chalky. Gorta preta is a lower grade
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which is nearly black in color. In the cleanup of the melting room an
accumulation of the unclassified grades produces cauipe, which has a dirty-
looking color and is sold for domestic use. When the wax melted from the
palha leaf is cooked, the toasted wax is termed cera tosada, and the chalky
variety melted with water produces the cooked wax cera costda. These
are colloquial terms. Since preference is sometimes given by purchasers
for the yellowish grades, carnauba wax is sometimes bleached, and to
facilitate bleaching five per cent of paraffin wax is said to be added to the
carnauba. But aside from this fact, paraffin is sometimes used as an
adulterant.
Properties of Carnauba Wax. The following analytical constants for
carnauba wax have been determined by several investigators.
Specific gravity at 15° 1.0008%, 0.990-0.999=, 0.995~0.999%

25°¢ 0.9988k

35° 0.9950%

14° 0.9930k

90° 0.8484k, 0.850

94° 0.8455

98° 0.8430, 0.8420
100° 0.8415k

Melting point 84°% 78-85°d 83.5°0, 83.3%, 83°f
Ubbelohde 83°f
Ring and Ball 85°f
Setting point 8201
Softening point 81.1°%, 82°f
Liquating point 80.6°1
Acid value 4.08, 4-8b, 4,2-5.4b 5.0, 9.7}
Saponification value 87-84=, 79-95i 79-82v
Iodine number 9-138, 7-144, 7.2-9.2b
Refractive index at 40° 65.7-69.0»
Acetyl value 54.8-55.2»

sLewkowitsch; PFarcy; “Wiesner; dSweet; eBulatkin for No. 1 carnauba; 'Rainer;
«Hibl; bRadeliffe; iAllen; iEichhorn; ¥Warth.

Carnauba wax is sparingly soluble in organic solvents at ordinary room
temperature, but appreciably soluble in most solvents at a temperature of
45° or more. The following table” gives the solubility of carnauba wax
in various solvents at a temperature range of 25 to 30°.

Solubility

Solvent gm per 100 ml solvent gm per 100 gm solvent
Ethyl ether 0.421 0.594
Methanol 0.179 0.226
Ethanol (959%) 0.141 0.174
Benzene 0.518 0.590
Chloroform 1.690 1.145
Acetone 0.323 0.410
Xylene 0.610 0.709
Ethyl acetate 0.374 0,412
"Turpentine, gum 0.440 0.508
Naphtha, high b.p. 0.219 0.281

At 45° 3 grams of carnauba wax dissolve in 100 grams of V.M.& P. naphtha (sp. gr.
0.750 at 15.6°/15.6°; z grams in 1(()0 gram(s) (s)gg)olvenol (terpene hydrocarbons); and 11
grams in 100 grams of turpentine (sp. gr. 0. .

At 50° 208gra.ms of cal?ne:ubo. wal.)x ﬁissolve in 100 grams of V.M.& P. naphtha; 11
grams in 100 grams of solvenol; and 21 grams in 100 grams of turpentine.
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Chemical Constitution of Carnauba Wax. The presence of a con-
siderable amount of a Csp alcohol in both the free and combined state was
determined first by Stiircke, who also discovered the presence of a hydro-
carbon (m. 59°). Free cerotic acid in carnauba wax was first identified by
Bérard. Stiircke prepared the dibasic acid C,yHz3(COOH), (m. 90°) from
the lactone in carnauba wax, thus proving the lactone to be an anhydride
of w-hydroxy-1-uncosanic acid (isomer). Ieys,* at the Municipal Labora-
tory in Paris, has reported 47.1 per cent of saturated acids (m. 75°) and
49.2 per cent of saturated alcohols. A report of Rivisto commercitalo-brasil’
gives the fatty acids as 47.95 per cent on wax melting at 85°, saponifica-
tion value 79.8-88.3, and iodine number 13.5. The unsaponifiable was
determined to be 54.87 per cent by Allen and Thomson, and the total
alcohols as 52.4 per cent by Ashbutt. Lewkowitsch found the acetyl value
55.2 for & sample of wax having a saponification value 79.68.

There is some uncertainty as to whether the wax alcohol CyHgOH
(m. 78-79°) exists as such, or as a mixture of Cg and Cas alcohols, that
might show a depressed melting point of 76°.  Swect®2 states that carnauba
wax essentially consists of myricyl cerotate, and small quantities of free
cerotic acid and myricyl alcohol.

Studies based upon the analyses of Liebermann,® of Stiircke, and the
most recent, Koonce and Brown,” show that carnauba wax comprises the
following substances:

(1) A hydrocarbon (m. 59°), probably heptacosane (CarHs).

(2) An alcohol (CyHsOH, m. 76°), probably ceryl alcohol, and not
necessarily the n-alcohol, 1-hexacosanol.

(3) An alcohol (CoHgiOH, m. 80-82.5°), which has been named
carboceryl alcohol, an isomer of 1-heptacosanol.

(4) An alcohol (CysHs;OH, m. 83.2°) identified as octacosanol by
Koonce and Brown.

(5) An alcohol (C;0HeOH, m. 86.4-86.8°) which is probably triacon-
tanol.

(6) An alcohol (CxHeOH, m. 89.4°) in greater proportion than the
C3o alcohol, and isolated by Koonce and Brown in the proved
state of 100 per cent purity, probably 1-dotriacontanol.

(7) A dihydric alcohol [CesHyo(OH), m. 103.5-103.8°] convertible to
the corresponding dibasic acid (m. 102.5°).

(8) Carnaubic acid (C24Hy302, m. 72.5°), described by investigators as
an isomer of lignoceric acid (m. 84.2°).

(9) Anacid (Cy;H502, m. 82.5°). The normal Cy7 acid, 1-heptacosanic,
melts at 87°; hence the acid would need to be an isomer or a
eutectic of lower and higher homologs, hexa- and octacosanic
acids. The Cy; acid was that first discovered by Brodie in the
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free stale, but is now conceded to be a mixed dimer of the Ca
and Cgs n-aliphatic acids.

(10) Cerotic acid (CesHz20z, m. 79°), which is almost entirely combined
with myricyl alcohol to form the alkyl ester myricyl cerotate.

(11) An w-lactone of 21-hydroxy-1-uncosanic acid (m. 103.5°)

In the study made by Koonce and Brown,” 400 grams of #3 chalky
carnauba wax were dissolved in 500 cc of toluene by heating on a steam
bath; 140 grams of KOH were dissolved in 2000 cec of 95 per cent alcohol,
and this solution added to the wax. The combined solutions were refluxed
on a steam bath for 19 hours. At the end of this period the alcohol and
toluene were distilled off, and the residue was heated on the steam bath
for 48 hours. The resulting hard cake was powdered in a ball mill, and
extracted with ethyl cther in a modified Soxhlet extractor for 475 hours;
216 grams of crude alcohols (54 per cent of the original weight of the wax)
were thus obtained. These aleohols had a melting point of 84 to 89° a
saponification value of 0, and a neutral equivalent of 0. Fractional dis-
tillation of wax alcohols was conducted on the crude alcohols once crys-
tallized from a 10 per cent solution of toluene. The distillation was carried
out in the range of 0.28 to 1 mm pressure. -Melting points were determined
on eight portions of the distillate, on the third crystallizations of each
from acetone. The fractions boiling above 236° were crystalline, and in
the form of glistening plates. Acids and ethyl esters of the purified
fractional constituents were prepared, and resolidification points, and car-
bon analyses were run for their identification.

Koonce and Brown also resorted to fractional crystallization of the
crude alcohols, and obtained three rather distinct components. One frac-
tion (p-6) was recrystallized from toluene, Skellysolve B, chloroform, and
trichloroethylene. The melting points (m.p.), resolidification points (r.p.)
and remelting points (r.m.p.) were given for the crystals obtained with
each solvent, little difference being observed. The crystalline material
melted at 86.4 to 86.8° and resolidified at 85.8°. The acid prepared there-
from melted at 90.8 to 91° and resolidified at 90°. The ethyl ester melted
at 71.6 to 72.3°. This corresponds to myricyl alcohol or triacontanol.
Another fraction (p-5;) melted at 77.3 to 78.1°, resolidified at 77.2°, gave
an acid m. 84.5 to 84.8°, which resolidified at 84.2°, and produced an ethyl
ester m. 68.3 to 68.6°. This fraction was not over 95 per cent pure.

In the older method of Leys,® the saponification was conducted with
alcoholic potassium hydroxide and benzene, and the alcohol-hydrocarbon
constituents are retained in the benzene. Upon evaporation of the benzene
the residue is taken up with hot amyl alcohol and fuming hydrochloric acid
to oxidize out the alcohols and leave the hydrocarbons. On this basis the
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Municipal Laboratory in Paris reported through Leys that carnauba wax
contains the following proportion of its constituents:

47.1 per cent saturated acids m. 75°, acid no. 78.5.
49.2 per cent saturated alcohols m, 81°.
0 per cent unsaturated acids.
0 per cent hydrocarbons (probably a fraction of 1 per cent).

Approximate Composition of Carnauba Wax

Alkyl Esters of Wax Acids: 80-81 per cent
myricyl carnaubate, m. 78°, m. wt. 789.40
myricyl cerotate, m. 87°, m. wt. 817.46 (759,)
ceryl cerotate, m. 84° (1%,)
ceryl octacosanate, m. 86° (19%)
ceryl w-hydroxyuncosanate, m. 84° (?)

Free Waz Acids: 1-1} per cent
montanic acid, CyHs30:, m. 83° (Css, Cio)
melissic acid, CsHgO:, m. 90° (Cso, Csz)
lacceric &Cid, (.:321{5402
Lactones: 3 to 5 per cent
(dimeric) w-1-lactone of medullic acid, m. 103.5°

CH,
7\
Ciollzs (0]
CcO

Free Monohydric Alcohols: 9 to 10 per cent
carboceryl alcohol, CxHisOH, m. 80-82.5° (Cys,Cos )
octacosyl alcohols, CysHiOH, m. 83.2°
myricyl alcohol®, CyHeOH, m. 86.4°-86.8°
lacceryl alcohol*, CyHgOH, m. 89.4° (6%,)

Free Polyhydric Alcohols: 1 to 2 per cent

dihydric pentacosanol, CayH(CH,OH)., m. 103.6°
oxy-alcohol derived from the unsaturated alcohol (carnaubanyl alcohol, m. 39°),

probable structure,
(0]
2N\
HCHy-CH - |CH - CH,-CH;
CH.OH

Hydrocarbons: less than 1 per cent
heptacosane, m. 59.2°
Resins: 3 to 4 per cent

* Obtained by Koonce and Brown in the fractional distillation at 0.5 mm pressure of
the free wax alcohols directly from the wax, followed by recrystallization of alcohols to
obtain them in a state of 95-100 per cent purity. The alcohols (Cs), (Cs), and (Cs2) in
carnauba wax were definitely established as n-aliphatic.

Carnauba Wax as “Melting Point Booster.” Carnauba wax is used
extensively to elevate the melting point of other waxes, and so is known as
a “melting point booster.” ILewkowitsch has recorded the melting points
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of mixtures of stearic acid, ceresin, and paraffin wax, each with carnauba
wax, on the basis of values obtained by Valenta.? As Valenta’s values an
paraffin-carnauba melts were determined with a high-melting paraffin [60.5°
(140.0° F)], new values were obtained by Bulatkin!¥’ on paraffin of 54.4°
(130.0°F) melting point, since this is the kind most commonly used in
America.

Measurements were made in a manner that would accurately deter-
mine the shoulder of the curve which lies between the values of 1.25 and
10.0 per cent of carnauba, in the carnauba-paraffin melts.

Carnauba Wax Paraffin Melting Point Melting Point
%) %) o) G3)
100.0 54.4 130.0
1.25 98.75 62.2 144.0
2.5 97.5 76.6-75.8 170.0-168.5
5.0 95.0 79.3 1747
7.5 92.5 78.5 177.0
10.0 90.0 81.1-78.5 178.0-177.0
20.0 80.0 81.4 178.5
30.0 70.0 81.4 178.6
40.0 60.0 81.7-81.1 179.0-178.0
50.0 50.0 81.4 178.5
60.0 40.0 81.7 179.0
70.0 30.0 81.9 179.5
80.0 20.0 82.2 180.0
90.0 10.0 83.3 182.0
100.0 — 85.5 186.0

The table shows that the main boost in melting point of paraffin may
be made with as low as 2.50 per cent of carnauba wax, namely from 130°
to 170° F. There is not much occasion to increase the carnauba beyond
3 per cent, which will give a wax blend having a melting point as high as
172.5° F.

In these mixtures the waxes with a high percentage of carnauba wax
have a high shrinkage value. Casts made with a high carnauba wax con-
tent, that is, over 50 per cent, are quite strong. Those ranging from 40 to
20 per cent of carnauba are weak; the crystallizing forces counteract one
another, and this peculiarity is noticed in the melts. There appears to
be one mixture of the two waxes, i.e., paraffin and carnauba, in which
these forces balance, and that is with about a 15 per cent of carnauba.
Below 10 per cent of carnauba the wax compositions are strong.

Under water the softening points of camauba-paraffin blends are con-
siderably below their respective dry melting points, and this factor proves
highly disadvantageous when the blended wax is to be used to coat paper
containers that come into contact with hot liquids. Carnauba and paraffin
form a mixture which is not a true solution, and it is generally believed
that the resinous constituent of the carnauba more or less covers the par-
ticles of the lower-melting paraffin, thus boosting the dry melting point.
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Separation of carnauba constituents from the paraffin mixture is frequently
noted in handling the blended wax.

Refined Carnauba Wax. A so-called refined carnauba wax has been
prepared in Germany and Austria by first mixing paraffin with the natural
wax, then saponifying with alkali, next boiling the saponified mixture with
water, and finally separating the waxy layer containing paraffin, etc.,
from the aqueous soapy solution; after this treatment, the wax may he
readily bleached. By acidifying the soapy solution ‘“carnauba wax
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Ficure 7. The large wax consumers have their own store rooms where
they keep a good reserve of the carnauba wax packed in jute bags.

residues’” are obtained. These residues give the following average con-
stants: m.p. 67-68°; acid value 21.6-22.2; ester value 10.6-12.2; saponifica-
tion value 32.2-34.4. The refining method permits the utilization of the
cheap lower grades of natural wax. The refined carnauba wax is white in
color, is non-saponifiable, and has a very low viscosity when melted.

Uses of Carnauba Wax. Carnauba waxr has been called the main-
spring of the floor-polish industry, and no entirely satisfactory substitute
has been found for it. The value of the carnauba constituent in such
polishes lies in the fact that it produces the most durable luster and hard-
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ness. Cundelilla and ouricuri waz have been used to some cxtent as sub-
stitutes, but are inferior. I.G. Wazx OP, a synthetic ester wax of very high
melting point has been used in floor polishes. This OP wax, however,
must be used in conjunction with carnauba. The OP wax has very
great oil-absorption power which is an important requirement in the paste
polishes. Petrolatum waz of the harder grade is sometimes used with car-
nauba to prevent slipping on a highly polished floor. Its use is limited to
10 per cent or less of the total waxes in the water-emulsion type of polish.

Carnauba with montan wax is used for the recording records on phono-
graphs, as the mixture will take a very fine tonal impression, which can then
be transferred to copper by plating to produce the master record.

Carnauba wax is used in leather dressings. It plays an important part
in the manufacture of carbon papers, and as a hardening agent for candles.
A considerable amount of carnauba wax is used for the manufacture of
cheap artificial ceresins, which usually employ about 5 per cent. Carnauba
has certain disadvantages for electrical use because of the great shrinkage
that it undergoes in passing from the liquid to the solid state. The uses
of carnauba in various formulas are described elsewhere in this book.
Shoe creams with a characteristic “ring formation’ on the surface due to the
myricyl alcohol of the carnauba wax are much sought after in the trade.

Carnauba wax enters into the manufacture of photographic films, chalk,
matches, soap, unguents, dry batteries, citrus fruit wax dips, etc., the
carnauba generally being used in conjunction with other waxes.

Carnauba wax is used for staining interior woodwork. One pound of
carnauba wax is dissolved in a gallon of toluene and a colored dye is added
in an amount sufficient to give the desired staining effect.

Sweet!? lists the consumption of carnauba wax in the various industries
as follows:

Consumption Amount Grade Used

(pounds) (pounds)
No Rub wax emulsion—floor polish 5,760,000 2,680,000 No. 3
1,580,000 No. 2
1,500,000 No. 1
Leather dressing and shoe polish 4,480,000 3,000,000 No. 3
480,000 No. 2
1,000,000 No. 1
Paste and liquid polish for floor and auto 2,240,000 1,680,000 No. 3
560,000 No. 2
1,000,000 No. 1
Carbon paper and coating 1,920,000 1,000,000 No. 3
920,000 No. 2
Paper sizing and polish 480,000 480,000 No. 1
Paper impregnating, bottle caps, ete. 320,000 320,000 No. 3
Miscellaneous 800,000 500,000 No. 1
300,000 No. 2
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The principal grades offered in the New York market and their prices
for December 1941 were as follows:

Grade Cents Per Lb
#1 Yellow 82
#2 Yellow 89
N.C. #3 74
Chalky 70
Refined #3 81}

The greater demand on the Brazilian shippers was for the North
Country #3, and the Refined #3. Parnahyba is the chief port of shipment
for carnauba wax.

The total exports of carnauba wax in 1939 were approximately 11,000
short tons, of which the United States took about 75 per cent. The
imports into the United States were about 9,000 short tons in 1943, and
were expected to increase greatly in 1944.

Palm Wax

Palm wax is a resinous type of wax derived from the lofty wax palm,
Ceroxylon andicolum, Humb., indigenous to the South American Andes.
A naturalist states: “Try to imagine a palm having a cylindrical, smooth,
shining, alabaster-like trunk which rises, shaft-like, 200 feet and more
straight into the air and bears at its summit a crown of feathery, silvery
green leaves, nearly 20 feet in length. Then visualize it standing either
solitary or in company with others of its kind at nearly 10,000 feet above
sea level, within sight of perpetual snow.” This is the tallest of all wax
palms; it is the wax palm of the Quindio Pass in Colombia.

The various kinds of wax palms, at present united under the genus
Ceroxylon, are now to be seen widely distributed along the length of the
Andes, occurring mainly at remarkably high altitudes from Venezuela and
Colombia into southern Peru. The general altitudinal limit of the palm
family as a whole is somewhat less than 4000 feet. There is a species of
wax palm growing at the boundary line between Colombia and Ecuador
which averages 40 to 50 feet in height, at an altitude of 13,450 feet above
sea level.

It was in 1801 that Alexander Van Humboldt, the renowned naturalist,
discovered the first species of wax palm. He named it Cerozxylon andicolum,
the wax palm of the Andes. It was already known locally as the palma de
cera. The genus name, Ceroxylon, comes from the two Greek words,
keros (beeswax) and zylon (wood); the specific term, andicolum, means “of
or belonging to the woods.” He described the trunk as coated with a shin-
ing white wax, which makes it look like an alabaster column.
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The wax is usually scraped from the trees, but sometimes the palms
are felled first. Upon the trunk of the tree, in the rings left by the fall of
the leaves, the wax is about one-sixth of an inch thick. It isin the form of
a greenish-white powder, and is gathered and melted down over a fire.
The natives use the wax to make tapers, since it burns with a clear, bright
flame.

Thorpe'* states that the wax is obtained by felling the tree and scrap-
ing off the coating, which is then boiled with water. Thus softened the
wax floats to the surface and impurities are removed. One tree is said to
yield 25 pounds of wax. It is made into little balls and dried in the sun.
That obtained from the Indians is yellowish-white, porous and friable.
When melted it is dark yellow, slightly translucent, and fragile like resin.
It is partly wax and partly resin, and it 1s said to become strongly electro-
static by friction. If the mixture is dissolved in hot alcohol and the wax
fractionally separated or freed from resin, the purified wax has a much lower
melting point and resembles beeswax. Palm wax, according to Vauquelon,
contains two-thirds of a resinous substance and one-third of pure wax
constituents. It is reported that the wax constituents differ little from
those of carnauba.

Commercial Palm Waxes. The palm waxes of commerce differ
somewhat from the above description. The commercial palm wax, when
free from paraffin, is a very hard, resinous wax of olive brown color, and
well may be licuri wax (Cocos coronata). It has a durometer hardness of
100 at 15°, and 97 at 25°. It begins to sinter and soften at 74 to 75°in a
capillary tube, and melts at about 85 to 86° to a viscous liquid. It has a
density of 1.0464 at 9°, 1.0447 at 16°. Its coefficient of cubical expansion
is 0.00023. The wax has an acid value of 10.6, and iodine number of
16.9 (Hanus), and a saponification value of 103.9. It is said that the wax
cannot be refined by chemical bleaching or otherwise without the addition
of paraffin.

Palm waxes in the New York market are not in any sense genuinely
derived from the sources described. They are generally considered as
“replacement waxes’’ to be used in the arts in place of the more expensive
carnauba wax. They are prepared by blending some of the harder vege-
table waxes with paraffin, and unfortunately not in standardized amount,
but in accordance with a predetermined cost. Generally speaking, the
lighter the color the greater the content of paraffin. The following analyses
were made of commercial specimens.

Density Hardness Acid Sapn. Todine Parzofﬁn
Color M.P. at 15° (Durometer) Value Value No. Indioated
Pale brown 82.2° 0.9950 92 3.84 29.0 2.54 30
Yellow 80.0° 0.9510 77 4.42 31.0 2.76 57

White 71.1° 0.9000 60 —_ —_ -— ' 88
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Since the melting point of commercial palm wax is high, the addition
of this wax to paraffin will elevate the melting point of the paraffin. For
example, when 2 per cent of palm wax are added to paraffin of 131° F
melting point, the blend will have a melting point of 138° F (58.9°). When
5 per cent are added, the melting point is elevated to 147° F (64°). Palm
waxes have a pleasing odor, somewhat different from carnauba, and are of
sweetish taste. Added to ceresin, commercial palm wax will prevent
oxidation of the hydrocarbons when the ceresin is subjected to continuous
heating. White commercial palm wax is the equivalent of a cheap artificial
ceresin.

Ouricuri Wax

Ouricuri wax, also known as uricuri, uricury, oricury, and ouricoury,
is a wax derived, according to Ivanovszky,®” from the under surface of the
leaves of a tall palm, Attalea excelsa, Martin. Tt is sometimes called the
cohune palm, and grows in tropical America. A closely related species,
A. funifera, Mart., the bast palm, furnishes fiber known as piassava for
cordage. The palm furnishing ouricuri waz has also been referred to as
the uricury wax palm and classified by Kew Royal Botanical Gardens as
Syagrus coronata, Becc. Rowan refers to the wax as ouricuri waz, and
as derived from Cocos coronata, Martin, a specics of coco palm, growing
in north and east Brazil; however, this species, according to Silva, Rio de
Janeiro, produces ‘‘Ouropaido wax,” (licuri wax) which is not the same but
appears to be closely related to ouricuri.

Ouricuri wax is scraped off the leaves with a knife and is collected in
the form of a powder. This powder, representing 0.48 per cent of the dry
leaves, is passed through mechanically moved sieves. After being melted
in a rotating melting pot heated by circulating hot water, the wax is run
off into forms, cooled, and solidified into small blocks. These blocks are
then sacked for export.

The grade which has been known since 1938 as machine-processed
ouricuri wax is very hard (durometer test 100 at 25° or below) and in color
is not unlike the darker grades of carnauba. In general, ouricuri is a dense,
hard, brittle, yellow wax.

It has been reported that a refined quality of ouricuri wax, known as
Brazilian double-refined wax, is prepared by digesting the serapings of the
palm in a caustic soda solution with the aid of steam, the vegetable matter
sinking to the bottom of the tank and the wax, freed from an appreciable
amount of plant resinous material, rising to the top in the operation as the
water is boiled off. The high gravity of the wax does not permit its separa-
tion from the plant material in the usual way in which waxes are separated.
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The refined wax as above prepared comes into the market in the shape of
blocks, and is recognized by its low saponification value.

Properties of Ouricuri Waxes. The physical and chemical constants of
the ouricuri waxes are tabulated below.

Quricuri Double Licuri Licuri
Natural Refined Natural Refined
(A. excelsa) (Brazilian) (C. coronata)® (Brazil)
Sp. gr. 15°/4° 1.0685 1.0561 1.0100 0.9980
Sp. gr. 25°/4° 1.0661 1.0535 —— e
Melting point (°C) 84.3 79.0 84.5 83.8
Solidifying point (°C) 72.2 68.9 —— e
Acid value 23.8 21.1 12.0 3.0
Saponification value 85.3 61.8 109.2 85.8
Ester value . 61.5 40.7 97.2 82.4
Iodine number (Hanus) 7.1 6.9 15.2 7.8
Ash (%) 1.91 0.55 T A

A fatty grade of machined processed ouricuri wax had a melting point
of 87°, acid value 71, saponification value 110, iodine number 17.2, and
durometer hardness 100. American refined ouricuri is the designation given
to the crude wax which has been remelted and filtered to remove mineral
or other foreign matter, and is produced and marketed in both lumps and
flakes. The flakes have a melting point of 83.3°, the melt solidifying at
72.9°. The great spread between the melting and solidifying points is
characteristic of the ouricuri waxes, a property which is not found in car-
nauba wax. The saponification value of a sample of flakes is about 108.

Ouricuri wax, crude, has a cubical coefficient of expansion of 0.000244
at 25°, and 0.000604 for the melt.* The refined wax has a coefficient of
cubical expansion of 0.000361 at 25° and 0.000668 for the melt. The
shrinkage of ouricuri wax in its transition from the molten to the solid state
(25°) appears to be greater than that of other known waxes. The coefficient
of cubical expansion of the solid crude wax, namely, 0.000244, is also lower
than that of any other.

Ouricuri wax is sparingly soluble in the polar solvents, such as alcohol
and acetone, and only partly soluble in the non-polar solvents, such as
benzene, carbon tetrachloride and chloroform, in the cold. The wax is
soluble in 95 per cent ethanol at 25° to the extent of 0.350 gram in 100 ml
of solvent, and of 0.350 gram in 100 ml of ethylene dichloride at 37°. In
its solubility in solvents it differs little from carnauba wax.

Ouricuri and licuri waxes have a fragrant odor, resembling that of
carnauba, but not as fragrant or agreeable. The wax, when powdered,
produces a yellow-orange color with 10 to 20 per cent of sodium hydroxide
solution; carnauba, on the other hand, produces a colorless solution (motta
test). '

All the waxes from Cocos or allied genera of palms are believed to con-
tain substantially the same constituents in proportions but slightly modified.
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They contain myricyl cerotate, free cerotic actd, or higher homologs, resins,
and hydrocarbons, and a very small amount of mineral matter. De
Souza Machado® reported cerotic acid and melissyl alcohol in licuri wax
(Cocos cororata).

The approximate composition of ouricuri wax appears to be about
as follows: esters (as myricyl cerotate) 59.0 per cent; free wax acid (as
lacceric) 10.4 per cent; neutral saponifiable resins 11.6 per cent; hydro-
carbons (as hentriacontane) 17.0 per cent; mineral matter 2.0 per cent.

Uses of Ouricuri Wax. Ouricuri wax is used as a substitute for car-
nauba wax in floor waxes, shoe creams, and other polishes, although it is
somewhat inferior. It is also of value in the inks used in producing type-
writer carbon papers as it provides a means of securing sharp definition of
type in copy. In paste-type polishes when ouricuri is used to replace
carnauba it is generally necessary to modify the recipe. Ouricuri, like
carnauba, can be used as a ‘“melting point booster” for paraffin. When
2 per cent of ouricuri wax is added to paraffin wax, the melting point of the
latter is raised from 54.4° to 71° (130° F to 160° F), and 5 per cent of
ouricuri advances the melting point to 79° (174° F). In this respect there
is a close resemblance in its behavior to carnaubsa wax.

It is reported that ouricuri wax has been used in the finishing of bombing
and fighting planes, on account of the high polished surfaces that can be
produced with it, so that they are resistant to air friction, and to wetting
or condensation.

Starting to appear in export statistics with only 3,075 kg in 1937,
ouricuri wax contributed 1,341 metric tons during the first nine months of
1941. In 1942 machine processed ouricuri wax was offered at 32 cents
per pound, f.o.b. Bahia, Brazil, and considerable tonnages of this grade
have been shipped from Brazil to the United States.

Raffia Wax

The Madagascar sago palm furnishes the fibrous material known as
“bass” which is used by gardeners, and which is also of economic value in
basketry when properly prepared. The raffia fiber is obtained from the
leaf stalks; it is the epidermis of the upper side of the palm leaf. The dull
undersurface is coated with a whitish layer or bloom, consisting of wax,
which can easily be rubbed off. Raffia wax, also spelled raphia waz, is
defined as the wax obtained from the dried leaves of the Raphia ruffia,
Martius. Raphia is a small genus comprising five species of pinnate-
leaved palms, family Sabalaceae, natives of tropical Africa and South
America. The trees have stout trunks, very large spiny leaves, and spicate
inflorescences, often six feet in length; they bear a spring fruit which con-
tains a single hard seed. The raphia palm is referred to by Thorpe as
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Raphia pedunculata, Beauvois (or R. ruffia, Mart.). He gives the follow-
ing method of extraction for the wax.

After the bass is removed, large quantities of the residues are available
as a source of the wax. The leaf residues are spread out to dry on cloths
in the open air, but must be sheltered from the wind as the light waxy
matter is easily blown away. After drying two to 4 days a white coating
is apparent on the under surface of the leaves; this is detached as a powder
by shaking or rubbing the leaves between the hands. The powder is
collected, freed from foreign matter by sifting, and then put into boiling
water; the wax melts and floats on the surface, earthy impurities settling
to the bottom. The melted wax is separated and allowed to solidify.

In an experimental trial®* it was found that ten leaves of medium
size (3% to 4} meters in length) weighed 104.5 kilograms. From these
leaves could be obtained 9.2 kilograms of bass, which produced 4.6 kilo-
grams of clean fiber. The refuse or residues in the green state after removal
of the bass amounted to 32.5 kilograms, which when dried weighed 11.0
kilograms, and this yielded 0.81 kilograms of crude, or 0.78 of refined wax.
Commerecially, the yield of wax is said to be somewhat less than 0.75 per
cent of the weight of the leaves.

Raffia wax is a hard brown wax which can be easily pulverized. A
lighter colored wax may be obtained by treating it with an oxidizing agent,
such as chromic acid, although the bleaching treatment tends to impair the
hardening properties of the wax. It has a density of 0.950 at 15°, and a
specific gravity of 0.832 to 0.836 when melted (99%15.5°). Thorpe gives
its melting point at 82° to 83°. Haller gives its melting point at 80°;
and its boiling point at 280° to 300° (10 mm pressure), with some decom-
position.

Thorpe!™ gives the acid value as 4.9 to 6.5, saponification value 51.3 to
50.3, and the iodine value as 7.7 to 10.7. Raffia wax is only slightly soluble
in alcohol, ether, acetone, chloroform, light petroleum spirits, and carbon
disulfide. It dissolves in boiling benzene, and in boiling alcohol although
about 10 per cent separates out on cooling.

Its chemical composition has been reported to be for the most part
higher saturated alcohols of the approximate composition, CsHuOH, but
differing from arachidyl alcohol (m. 66.5°). However, it is more likely that
raffia wax contains both hydrocarbons and alcohols of appreciably higher
hydrocarbon content, since other leaf blades yield alcohols very high up in
the series.
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(2) Wazxes from Herbs and Shrubs
Candelilla Wax

Candelil'a wax is obtained from a weed, Pedilanthus pavonis, Boissier,
or from P. aphyllius, which grows in the semi-arid regions of northern
Mexico, southern Texas, Arizona, and southern California. Its common
names are jumete, and candelilla, and it belongs to the family, Euphor-
baiaceae. Closely associated botanically are Euphorbia antisyphilitica,
Zuce., and E. cerifera, with the common name ‘“‘jerba,” both of Mexico.
The constants of the waxes from these latter species differ somewhat from
those of the regular candelilla wax. The Mexican plant is described as
occurring in bunches of leafless, reedlike stems 2 to 4 feet high and from }
to 1 inch in diameter.® The wax forms a coating on the entire surface
of the shrub except the root.

Hare and Bjerregaard,® of New Mexico, prepared the wax from bundles
of plant stems received from Mexico. The bundles were weighed down in
cold water to keep them from floating and the water brought to a boil,
whence the wax rose to the surface. After cooling the impure cake of
wax that floated on the water was removed and dried. It was dark in
color. The crude wax was then dissolved in hot chloroform and the
solution filtered to free it from fragments of bark and foreign matter.

The chloroform was evaporated off on a steam bath. It was redissolved
in a mixture of 3 parts of boiling alcohol and 2 parts of benzene, filtered hot
and the solvent evaporated off. In this manner a pale grayish-yellow,
opaque solid was obtained. It was remelted and dried to a moisture-free
basis. About 2.5 per cent of wax was obtained from the plants. The
dried wax is brownish in color, but can be bleached by exposing it to
the sun if the wax is first formed in a sheet. Four factories in Monterrey,
Mexico extract this type of candelilla wax. )

Commercial Candelilla Wax. Dickinson® has described the produc-
tion of candelilla wax at Monterrey, Mexico. After the shrub is pulled
out of the earth it is placed in a wooden tank containing water which is
then heated to the boiling point. At the moment of boiling, sulfuric acid
is put in the tank. As soon as the acid comes in contact with the wax the
latter comes to the surface and is collected and withdrawn to a receptacle
where it congeals. The crude wax is then transferred to another tank
where steam is used to melt it, and sulfuric acid added a second time to
refine the wax; the refined wax is withdrawn and allowed to harden in
molds. The wax can also be extracted from the shrub by direct fire, by
steam, and by benzine. Yields of 3} to 5 per cent have been reported.

The color-imparting, resinous compounds of crude candelilla wax can
be destroyed by the action of chromic acid. If the candelilla is to be used
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in combination with paraffin, these resinous compounds may be removed by
simply melting the wax with three parts of paraffin and either allowing the
resinous compounds to settle out or, hastening their separation by fil-
tration with activated chars, fuller’s earth or mixtures of these. Good
results are also obtainable by treating the candelilla-paraffin mixtures with
hydrogen peroxide and potassium permanganate.

Candelilla wax in commerce is marketed in opaque lumps that are
brownish or yellowish-brown in color, hard, brittle and easily pulverized.
Its surface is capable of taking a high polish, and it is this property which
imparts a luster to polishes. Candelilla wax has the odor of beeswax when
warmed, and burns with a bright flame. It is only soluble in cold ether
to the extent of 0.12 gram in 100 cc, and even less soluble in ethanol. It
is sparingly soluble in cold chloroform, turpentine, gasoline, carbon bisul-
fide, or acetone. It is readily soluble in all of these solvents hot. About
4 to 5 grams of candelilla wax dissolve in 100 grams of turpentine or tur-
pentine substitutes at 25°, and the same amount in pine oil at 35°. A
mixture of 3 parts of absolute alcohol and 2 parts of benzene (90 per cent)
makes an excellent hot solvent.

Properties of Candelilla Wax. The physical and chemical con-
stants of candelilla wax as derived from various sources have been deter-
mined by Hare,% Liidecke,® Sanders,*® and Deiler.#* Farcy* has published
constants on the Mexican variety, P. aphyllius, which apparently contains
fewer hydrocarbons, namely 33 per cent contrasted with 50 to 53 per cent
for P. pavonis.

At the Tezonapa Botanical Station, Olsson-Seffer and Sanders®
examined the wax of E. antisyphilitica, which apparently differs a little
from that of P. pavonis, and found it less resinous, and lower in both acid
and iodine values. The wax also had a higher melting point.

Constants Reported for Candelilla Wax (Pedilanthus spp.)

Hare Liidecke Sanders Deiler Farcy Leys
Acid value 12.4 8.9-19.0 14.4 19.0 20.0-21.0 19.4
Sapn, value 64.9 54.0-61.4 46.7 59.7 66.0-67.0 53.5
Todine number 36.8 13.0-22.9 16.6 14.0 20.0-21.0 12,9
Density at 15° 0.9825 0.9416-0.9960 0.9850 _— 1.001-1.002  0.9910
Melting point ~ 67-68° 68.7° 67.5° 66.0° 64-65° 71°

Constants Reported for Candelilla Wax (£. antisyphilitica)

Olsson-Seffer Sanders
Acid value 0.32 0.03
Sapn. value 104-108 105-106
Todine number 5.23 5-6
Density at 15° 0.9473 0.9587

Melting point 77.4° 74-80°
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Mean Values for Candelilla Wax of Various Species

P. pavonis E. antisyphilitica E. cerifera
Acid value 16.6 0.2 15.4
Sapn. value 58.1 105.7 60.7
Iodine number 19.8 5.4 17.4
Density at 15° 0.9857 0.9530 0.9838
Melting point 67.5° 77.2° 68.0°

As generally described candelilla wax melts at 66 to 68°, and solidifies
at 64.5°. The specific gravity is 0.9825 at 15%15° (Hare) and 0.8700 at
100/15° (Deiler). Buchner determined the acid value as 16.9; Hare and
Bjerregaard® as 17.4 (on an ash-free sample); and Deiler as 19.0. Buchner
determined the ester value as 33.8; the mean value of other investigators
is 41.4. Hare determined the saponification value of a rendered ash-free
sample as 84.1, and 64.9 in its original state; but the mean value of othersis
57.6. Berg found 67.5 per cent unsaponifiable matter in candelilla wax;
Hare 84.2 per cent on his ash-free sample. The refractive index of candelilla
wax in its original state is recorded as 1.4555 at 71.5°. Determinations
made by Olsson-Seffer were on the wax extracted from the plant by means
of boiling water, but not subjected to further refinement.

Chemical Composition. Sanders'® determined the constants on a
sample of candelilla, which had been prepared from plants collected in the
month of January in Coahuilla, Mexico. The wax was of a greenish-white
appearance and had a granular fracture. The dry wax contained 77.0
per cent of unsaponifiable and 48.6 per cent of hydrocarbons. Hentria-
contane and myricyl alcohol were identified as constituents. Hare® found
that candelilla wax on combustion yielded 80.3 per cent hydrocarbons and
12.7 per cent hydrogen. Deiler’s work on candelilla has been described by
Fraps and Rather® of the Texas Agricultural Experimental Station where
the work had been conducted.

The chemical composition of candelilla wax has been studied by Meyer
and Soyka!'® who extracted the wax with 96 per cent ethanol to remove
traces of resin. By distillation with zinc there resulted a colorless oil, b. 223
to 245°, which had the properties of a sesquiterpene. The resin-free wax
was then extracted with hot ethanol which removed 74-76 per cent of what
they believed to be dotriacontane, m. 71°, b. 310°. The residue (5-6 per
cent), m. 88° they considered to be a hydroxy lactone, CiHss0s, which
reacts neutral, is stable to KMnO, in alcoholic solution, and bears a
similarity to an OH-lactone found in wool fat. The lactone is possibly
6 hydrozy-y myricino-lactone derived from a dihydroxy derivative of an
unsaturated acid:
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CH:(CH.)x%-CH:-CH(OH) - CH(OH) - CH,-CH,- COOH
0-CO

7’ N
CH,(Cly)n- CH;- CHOH - CH™ +H,0
CH,-CH,

The lactone has an m.wt. of 466.78 and an ester number of 120.

Fraps and Rather (1910) had powdered and saponified the wax with
potassium alcoholate, evaporated off the alcohol, and then extracted the
dried residue with ether for 40 hours. The yield was 40 per cent, and the
extract when recrystallized from ether gave a batch of crystals, m. 68°,
identified as hentriacontane. The latter substance consisted of white
crystals, readily soluble in hot ether, and fairly soluble in cold, insoluble in
cold ethanol, but slightly soluble in hot. The hydrocarbon contained
85.48 to 85.16 per cent carbon and 14.10 to 14.28 per cent hydrogen. A
resinous solid accompanying the hydrocarbon in small amount was found
to be brittle when dry, and of 55° melting point.

Berg® in 1914 reported candelilla wax to contain two hydrocarbons to
the extent of 50 per cent, two sterols to the extent of 10 per cent, a small
amount of ester, and a small amount of what appeared to be a lactone.
Hare emphasized the presence of a higher alcohol as a major constituent
together with an ester, and some free fatty acid. Farcy* in 1920 reported
33 per cent of hydrocarbons. A closely associated wax derived from E.
cerifera, Alcocer, was reported by Alcocer and Sanders' to contain hydro-
carbons between Cs; and Cj;, the mixture melting at 67-68°.

The approximate composition of the wax from P. pavonis on the basis
of 67.5 per cent of unsaponifiable appears to be about as follows:

Esters with Hydrozylated Acids: 33-35 per cent
sitosterol, CooH«(OI1) combined with dihydroxymyricinoleic acid, CpHeO,, ester
value 195, m. 88-90° (Berg) 209,
myricyl dibydroxymyricinoleate
Lactone: 5-6 per cent
hydroxy myricino lactone, m. 88° (M. & S.)
(from dihydroxymyricinoleic acid)
Free Acids: 9-10 per cent
ci:clic: resin acids
aliphatic: dihydroxymyricinoleic acid, m. 69° ? (4.297)
Hydrocarbons: 50-53 per cent
hentriacontane, m. 68° (40%)
tritriacontane, CssHey, m. 71-72°

Moisture and Volatile Matter: 1 per cent
Density and Coefficient of Expansion. The density of a specimen of

candelilla wax as received from the refinery was 0.9956 at 15° but by
remelting and resolidifying the density was lowered to 0.9846.1 This
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pronounced difference has also been observed by the author for certain
specimens of carnauba wax believed to be ‘‘solvent extracted,” but not on
those that are dry refined. Resolidification was conducted by slow cool-
ing, although rapid cooling made no pronounced difference in the density

Densities of Commercial (‘andelilla Wax (m.p. 70.5°)

In lumps from refinery After remelting and casting in tin
27.8°/15° 0.9911 26.7°/15° 0.9803
44.4°/15° 0.9823 39.7°/15° 0.9752
47.2°/15° 0.7723
Density at 25°/15°  at 35°/15° at 77°/15° at 100°/15°
Original (as received) 0.9919 0.9874 0.8670 0.8550
Remelt (slowly congealed) 0.9809 0.9770 —_— —_—

Note: Densities at 25° and 35° are computed, those at 77° and 100° on molten wax
were determined by means of a Westphal balance.

The density increments at 25° are 0.00047 and 0.00039 for the ““original”
and “resolidified” waxes. Above 50° candelilla wax expands rapidly with
increasing applied heat until it begins to flow. In the molten state the
expansion is less rapid, as the density decreases 0.00051 per temperature
degree. This behavior is not uncommon to that of waxes in general, but
is particularly like that of the harder waxes such as carnauba and ouricuri.

The volume decrease of candelilla wax during solidification and crystal-
lization is 12.4 per cent for the “original,” and 11.5 per cent for the same
wax ‘‘remelted and recast.” Candelilla wax has a mean cubical expansion
coefficient of 0.000404 at 25°, and 0.000608 at 100°. The only waxes with
a lower coefficient are carnauba and ouricuri, all determinations being
made on specimens remelted and solidified in the air with slow cooling.

Wazx Blend of Candelilla and Paraffin Waz. The dry melting points
here given for various blends that have been made with candelilla and
paraffin wax (128%/130° F m.p.).

Melting Point
Per Cent Candelilla °C °F

0 54.0 129.2
5 55.0 131.0
10 58.0 136.4
20 60.4 140.8
30 61.2* 142.3*
40 61.5 142.7
50 62.6* 144.7*
60 63.4 146.1
70 63.7* 146.8*
80 64.6 148.3
90 66.6* 152.0*
100 70.5 159.0

* Computed from plotted curve.

It will be noted that the addition of 20 per cent of candelilla wax to
paraffin appreciably increases the melting point of paraffin, but with 20



THE NATURAL WAXES 119

to 80 per cent candelilla there is little further increase. There is, how-
ever, a pronounced rise in the melting point of the blended wax as the
candelilla content exceeds 80 per cent.
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Fioure 8. Graph showing increase in melting point
of paraffin by addition of candelilla wax.

The addition of candelilla to paraffin wax increases the hardness of the
latter as is shown in the table of durometer hardness for the candelilla-
paraffin wax blends. The paraffin wax component had a melting point
of 54°.

Durometer Hardness

Per Cent Candelilla (Shore units at 86°)

0 70

5 70

10 80

20 84

40 94

60 98

80 100

100 100

It will be observed that the addition of more than 5 per cent of candelilla
wax tends to greatly harden the paraffin, and that with 80 per cent cande-
lilla the wax is stone hard. ‘

Uses of Candelilla Wax. Candelilla wax is used quite extensively to
harden other waxes. Its melting point is lower than that of carnauba
wax, and it is therefore infrequently used as a melting point extender for
wax compositions. It is commonly found as an ingredient in shoe polishes,
floor pastes, phonograph records, sealing wax, candles, electrical insulators,
waterproof boxes and fabrics.

As a finishing material in the textile industry Herbig® states that cande-
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lilla wax can be used in the following recipes of emulsions with effective

results.
1 I

Pale candelilla 2.5 kilograms 4.0 kilograms
Japan wax 2.5 kilograms —

Rosin — 1.0 kilograms
Potassium hydroxide 0.5 gram 0.5 gram
Sodium hydroxide 50.0 grams 50.0 grams
Water 30.0 liters 28.0 hters

Alcocer Wax

The plant stems of E. cerifera, Alcocer, yield a wax which is apparently
almost identical to candelilla. Alcocer and Sanders' reported that the
Mexican plant yielded 23 to 5 per cent of wax on the dry plant basis, and
that the physical and chemical constants of the wax vary with the age of
the plant and the year in which it is collected. Plants grown on the coast
contain less wax and more caoutchouc latex than those grown in the
interior. The constants are recorded as follows: density 15° 0.9820-
0.9856; refractive index n 85 1.4545-1.4626; acid value 12.73-18.11;
saponification value 35.0-86.5; R-M number 0.53-7.69; iodine number
14.42-20.40; non-saponifiable 76.70 to 77.27 per cent; hydrocarbons 42.49-
59.70 per cent. The wax is soluble in chloroform, warm ether, benzene,
and turpentine. The wax is believed to be of about the same chemical
composition as the regular candelilla wax, but may contain amyrin triter-
penoids.

Alcocer wax is recommended for the same uses as the regular candelilla
of commerce.

Madagascar Waxes

Vegetable waxes are produced in Madagascar from plants botanically
classified by Herbert and Heim® as Cyanchum messert, Euphorbia zylphyl-
loides, and E. stenoclada. The dried cut pieces of the plant stems are
pounded on a cloth and then thrown into boiling water; the wax is skimmed
off as it floats to the surface. The first species of plant yields the most
wax—about 7 ounces from six small plants. The interesting feature of
these waxes is their hardness, luster and very high melting point. The
Madagascar waxes contain little free acid, and are believed to be composed
of esters of sitosterol with hydroxylated acids, an appreciable amount of
ceryl and melissyl alcohols, the hydrocarbon, hentriacontane, and possibly
higher homologs. The constants for the waxes are as follows:

C. messeri E. zylphylloides E. stenoclada
Melting point 88.0° 88.0° 88.0°
Acid value 17.7 28.0 19.3
Sap. value 159.6 142.8 140.0
Iodine number 3 5.3

.2 5.9
Hydrocarbons 11.0% 14.09, 15.0%
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One of the above waxes, E. stenoclada, Baill., is obtained from a tree
commonly known as the “Rhimba tree.” Madagascar rhimba wax has
been briefly referred to by Lewkowitsch.® It appeared in commerce some
years ago in the shape of small irregular masses adhering to pieces of bark
from the tree. Lewkowitsch regarded the commercial wax as a mixture
of vegetable wax and resin. Botanically the plants are related to those
which produce candelilla wax. The melting points of the Madagascar
waxes are higher than those of any of the natural waxes.

A wax from the palm, Raffia ruffia is also obtained in Madagascar (sce
raffia wax, p. 112).

Snow Brush Wax

A Wax may be obtained in large yield from the surface of the plant
Ceanothus velutinus, Douglas. The shrub is rich in tannin and wax, and
is a fire menace in the California forests. The snow brush is a widely
branching shrub two to six feet in height, and its habitat is bounded by the
Coast Range of California on the west, the Columbia River on the north,
Colorado on the east, and San Francisco on the south. It is plentiful in
the Shasta National Forest in the neighborhood of Sisson, California.

The brush can be ground, sifted, and extracted with gasoline or other
suitable solvent, and the leaves will yield 7.3 per cent of wax, according to
Scalione and Blakemore.!?* The wax has a greenish appearance, is some-
what brittle, and breaks with a conchoidal fracture. The constants on a
specimen were as follows: melting point 78-79°; specific gravity 15°
0.988; acid value 20.3; saponification value 93.4; iodine number 19.3; and
Reichert-Meissl number 7.5.

The high R-M number indicates the presence of an appreciable amount
of soluble fatty acids over and above that associated with glycerides. The
commonest of the R-M acids in plants is isovaleric, which is customarily
found in the combined state as an ester with a sterol or a terpeneol, the
latter being fairly common to plants of a type similar to Ceanothus. The
wax of C. velutinus is known to contain ceryl alcohol, palmitic and stearic
acids, hydrocarbons and resins, and assuming that it is also made up of
a- or B-amyrin isovalerate, its approximate chemical composition would be:

Alkyl Esters of Fatty Acids: 80-81 per cent

ceryl palmitate
ceryl stearate

Triterpenoids: 5-6 per cent

a- or f-amyrin isovalerate
Free Acids: 9-10 per cent

resin

melissic acid (2%)
Hydrocarbons: 8-4 per cent
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It has been estimated that 100,000 tons of the shrubs are available in
the Sisson district alone, and if worked, 5000 tons of this wax might be
marketed. The nature of the wax is such as would indicate that it might
have importunt uses. Along with the wax it would be possible to recover
tannic acid, which constitutes seven per cent of the weight of the plant,
and which can be used for tanning hides.

Flax Wax

The outer epidermal layer of the flax stem, Linum usitatissimum L.,
is rich in a wax which remains on the fiber through the retting and scutch-
ing operations, in the preparation of the bast fibers for the making of linen.
The waxy matter is largely removed in the combing and drawing processes
and is found in the dust (pouce) to the extent of about 6 per cent, from
which it is obtainable in commercial quantities. Brown linen yarn will
yield the waxy material in small quantities by solvent extraction, and the
extractive a considerable amount of saponifiable. The bleaching of linen
yarn removes the waxes, as the treatment involves the use of soda ash and
lime.

Flax and its waste products, according to Chilikin,? contain up to 2.5
per cent of wax-like substances, extractable by benzene; these substances
increase to 8.7-13.7 per cent in flax dust. Gibson® states that the extrac-
tion of compressed blocks of the dust leaves a material usable in the manu-
facture of insulating board. A plant might be profitably operated if it
were set up to extract the wax from 100 tons of dust yearly, but it would be
more satisfactory for mills to supply dust to a central plant capable of
extracting 1000 tons a year.

Higgins® studied the behavior of the waxes in the bleaching of textile
fibers. He extracted brown linen yarn with various solvents applied in
the order of the results given below: ether 1.39, benzene 0.29, ethanol 0.49,
hot water 2.03, boiling ammonia 3.27, boiling caustic under pressure 14.06,
and hydrochloric acid 0.33. The waxy material removed by the first
three solvents contained 27.8 per cent saponifiable matter; but if the extrac-
tion was preceded by lime boiling and souring 40.0 per cent of saponifiable
matter was obtained. Water-retted flax yields 0.7 per cent more wax
than dew-retted. Ether extractions increase the tensile strength of the
yarn. Lime boiled and soured, as well as acid treated, linen yields more
wax to ether or benzene than untreated linen.

The composition and properties of the wax do not vary much with the
source and manner of retting the flax. Among commercial waxes it most
resembles beeswax, though it is more brittle and hard. In color, flax wax
is dark green or brown; the green of the chlorophyll becomes brown through
retting. Hilditch® gives the following chemical and physical constants for
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flax wax (ostensibly the dark green or semi-crude): specific gravity 15%15°
0.908, m.p. 61°~70°, saponification value 100--150, saponification equivalent
375-360, iodine absorption number 9-17, free fatty acids, acid value 24—
26 as oleic acid 12-28 per cent.

The air dried cortical tissue separated from the flax fiber contains about
10 per cent of flax wax, the spun fiber 1 to 2 per cent removable by organic
solvents. The wax has a saponification value of 77.5-83.7, iodine number
21.6-28.8, acid value 17.5-23.8, sp. gr. 0.963—0.985, m.p. 67.3°-69.8°.

Irish flax is reported to yield a wax having 70 per cent of unsaponifiable
and wax alcohols, 28.2 per cent fatty and wax acids, Reichert-Meissl num-
ber 3.2, and ash 0.62 per cent. The wax after being subjected to super-
heated steam distillation has a saponification value of 70.2, acid value 33.0,
and iodine number 18.0.

Hoffmeister® reported that the wax or flax extracted by ether or benzine
from flax threads and deposited from these solvents in grains of an indis-
tinet crystalline structure had a melting point of 61.5°, and a sp. gr. 0.9083
at 15°. He stated that the wax can easily be obtained from ‘‘flax dust’”’
of the spinning-house, of which it forms about 10 per cent. He gave the
following constants: acid value 54.49, saponification value 101.51; ester
value 49.54, R-M number 9.27, iodine number 9.61 and Hehner number
98.31.

Hoffmeister had scparated flax wax into a hyvdrolyzable and a non-
hydrolyzable portion, and in the latter found what he described as a paraf-
fin-like ceresin, m.p. 68° sp. gr. 0.9941 at 10° (probably hentriacontane).
An appreciable amount of palmitic acid was found but very little stearic
acid. The acetyl derivatives revealed the presence of phytosterol, and ceryl
alcohol.

The chemical composition of flax wax has been given by Chiliken and
Kamolova,? who state that it contains neoceryl alcohol, ceryl alcohol, myricyl
alcohol, a hydrocarbon, m. 62°, corresponding to nonacosane, cerotic acid,
stearic acid, palmitic acid and linoleic acid.

Flax wax will take on a high polish, and thus makes a suitable polishing
ingredient for shoe polishes and creams. Flax wax might be used to
advantage as a substitute for beeswax in some recipes. Flax wax can be
chlorinated to 36 per cent chlorine but the chlorinated wax is not stable at
boiling temperature. Cotton fabric treated with chlorinated wax was
weakened because of the liberation of traces of hydrochloric acid.

Cotton Wax

Raw cotton fiber, Gossypium spp., contains about four per cent of oil,
wax, and resin. Because of these waxy and oily substances raw cotton
and unbleached cotton yarns and cloth are difficult to wet through with
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water. The wax was first isolated in a pure state by Edward Schunck, of
Manchester, who in 1868 was investigating the naturc of the substances
other than cellulose contained in cotton. Schunck reported the wax to
have a melting point of 85.5° (186° F); he also obtained from the wax a
white solid fatty acid melting at 55.5° (132° F). Schunck found, besides
the wax, two distinct coloring matters, one of which was alcohol-soluble:
pectic acid and albuminous substances. The yield of wax extracted by
Schunck from cotton fiber was only 0.004 per cent.

In subsequent years benzene extractions of cotton fibers were reported
with yields of 0.09 to 0.53 of the waxy constituents. More recently
Conrad reported 0.4 to 0.7 per cent of wax for most cotton lints, and much
higher yields for certain green cotton lints (see green cotton lint wax, p.
127).

According to Knecht and Allan,” a petroleum ether extraction of the
cotton yielded an odorless, dull yellow substance, closely resembling bees-
wax in texture and fracture. By repeatedly treating this substance with
boiling ethanol, 18.80 per cent of an insoluble glassy wax with a melting
point of 78° and an iodine number of 11.3 remained. The Knecht-Allan
separation of the components of the glassy wax will be referred to later.

The analytical constants for crude cotton wax are as follows: sp. gr. at
15°, 0.965-0.980; m.p. 64—66°; acid value 38—45; saponification value 159-
178; unsaponifiable matter 28-34 per cent.

Tonn and Schoch!®s have investigated a semi-refined cotton wax
obtained as a by-product of a pilot plant operation in which 100-pound
batches of Texas cotton fiber were extracted with hot benzene to obtain
25 pounds of wax from ten bales of cotton. The wax has a dark greenish-
brown color, which changes to a tone of yellow when decolorized with
activated carbon, fuller’s earth, or a combination of the two. Without
further refinement the wax has a characteristic disagreeable odor, and a
consistency comparable with beeswax. The investigators report the
following properties: melting point 68 to 70°; specific gravity, 15/15°
0.959; saponification value 70.6; acid value 32.0; ester value 38.6; acetyl
value 73.1; iodine number 24.5; fatty acids 25 per cent; unsaponifiable 25
per cent; Hehner value 100 per cent; and Reichert-Meissl value 0.

The chemical composition of cotton wax has been intensively investi-
gated, since some of its components are not to be found in any of the well
known waxes. In 1923 Fargher and Probert* treated American cotton in
sliver form with redistilled 90 per cent commercial benzene, heating it
with superheated steam. Then by carefully treating the extract with
selective solvents they obtained the alcohol, acid and hydrocarbon com-
ponents. In this manner they discovered a new alcohol, CsoHeO for which
they proposed the name of gossypyl alcohol. Neomontanyl alcohol, CesHssO,
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was present in a small amount, also ceryl alcohol, CoysHO, and carnaubyl
alcohol, CuHsoO.

The amyrins found in cotton and some other plant waxes are of the
formula C3Hy-OH. They are derivatives of triterpenes, C3;oHys. These
alcohols do not readily combine with the higher acids, but combine readily
with ionizable acids, such as acetic, to form acetates. However they are
found as palmitates and less often as myristates and stearates in plant life.
a-Amyrin when crystallized from ethanol in fine long needles, melts at
183°. Its acetate melts at 220°; [«]p77.9. B-Amyrin crystallizes in long
hard needles, m. 195°; [a]p in CHCl; 87.8-88.4, in benzene 98.1. Its
acetate melts at 235°; [a]p in CHCl; 81.1. The amyrins when mixed show
a eutectic at 181° and 77 per cent of the a-form.

Gossypy! alcohol, not to be confused with toxic principle, gossypol, is
not identical with myricyl alcohol, and occurs in three forms—a, 8 and y—
of different melting points; they give identical derivatives when fused with
potash lime, yielding the same acid. Gossypyl alcohol crystallizes from
hot benzene in coffin-shaped needles, and from pure anilin in long thin
blades. With a pyridene-anilin reagent it is precipitated as dianilin. The
montanyl alcohol present on fusion gives montanic acid, identical to that

in montana wax.
Solubility (grams per 100 ml)

Chloroform Ether Ethyl lactate
Form (20°) (25°) (25°)
a (m. 87-88°) 0.05 0.19 0.08
g (m. 86°) 0.55 0.43 0.07
v (m. 82-83°) 0.64 1.09 0.09

v-Gossypyl alcohol has also been found in the corms of the jack-in-the-
pulpit, Arisaema triphyllum, (L) Schott.

Knecht and Allan,”® by separating and acidifying the saponifiable
portion of the wax, obtained palmitic, stearic, and a small quantity of an
acid with a melting point of 74.4°. From the fatty acids of the saponifiable
portion obtained from a secondary extraction with benzene they isolated
an acid m. 70.8° in crystalline form, with a molecular weight of 455, which
was thought to be myricinic (CsHso02). The presence of a still higher
acid, C3Hs0,, was also indicated.

The acids in the free state include palmitic, stearic, cerotic, montanic,
gossypic, and the acid CyHgOz, known as geddic acid. Carnaubic,
palmitic, stearic, oleic, and a lower isomeride of oleic acid occur as esters.
The proportion of unsaturated to saturated acids is exceedingly small. The
Cu acid present may be identical with that isolated by Schalfeef from bees-
wax, since it has the same melting point. Schalfeef was inclined to believe
that melissic acid in beeswax was a mixture from which a Cs, in the form of
needles could be isolated. The alcohol corresponding to the Cy acid is
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incarnatyl alcohol, m. 72-74°, isolated by Sundwik!*! from bumble-bee wax,
and by Rogerson,' of London, from the flowers of Trifoleum incarnatum,
L., the carnation or crimson, clover.

The unsaponifiable portion of a benzene-extracted cotton wax (after
removing petroleum ether extractable) yields a reddish-brown sticky wax,
m. 63.4° which contains phytosterols. Fargher and Probert* found that
these phytosterols consist chiefly of sttosterol (Cy:HO), and small quantities
of a- and B-amyrin (C3H500). Sitosterol also occurs as the corresponding
glucoside, sitosterolin. Fargher and Higginbotham isolated from the wax
of Egyptian cotton a different sterol from that found in American cotton,
and identified this new sterol as phytosterol ((';3H;0), which exists with
the corresponding glucoside.

Cotton wax also contains about seven per cent of hydrocarbons. Knecht
and Allan™ obtained two hydrocarbons, one melting at 68.1°, and the other
at 70°. These hydrocarbons were shown by analysis to be identical to
n-heniriacontane and n-dotriacontanc. Crystalline triacontane was later
discovered by Fargher and Probert.4

The chemical composition of the wax as given below is based largely
upon the results obtained by Fargher and others.

Phytosterols, Free and Combined as Esters: 12-14 per cent

sitosterol, CaeH 500
stigmasterol, Can“O

Pentacyclic Triterpineols, Cyo)Ho0: 3-4 per cent
a-amyrin
B-amyrin
lupeol

Alphyl Esters of Wazx Acids: 20-22 per cent

esters of mixed acids, m. 84°,
neutralization value 132, mean moleculur weight 425

Free Acids: 8-10 per cent
cyclic-resin acids (small amount)
a iphatic, Cis to Ca

Free Monohydric Alphyl Alcohols: 42-44 per cent
ceryl Cstuo

neomontaréyl C1sH 550
gos?v
ged éuHuO

Hydrocarbons: 7-8 per cent

triacontane, CsoHge (small amount)
hentriacontane, CsHey
dotriacontane, C;Hgs (small amount)

Glycerides, Glucosides, elc.: 1-2 per cent
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Conrad® favors the removal of wax from either green lint cotton or white
cotton by extraction with 95 per cent ethanol, and then transferring the
wax to chloroform from the ethanol extractive which can be diluted with
water to retain the sugar constituents. In 4 hours of the alcoholic extrac-
tion 0.61 per cent of wax was obtained for Egyptian cotton, and 0.72 per
cent in 32 hours. The chloroform takes up sugar (mostly dextrose) only
to the extent of 3 per cent of the total wax content of the cottons. Green
lint cotton yields 13 per cent of wax by the Conrad ethanol-chloroform
method.

Green Lint Cotton Waxz. It has been recently reported by Conrad?® of
the U.S. Department of Agriculture that the lint from Gossypium hirsutum,
a variety of Arkansas green lint, described by Ware of the Bureau of Plant
Industry, differs from that of the ordinary strains of upland cotton not only
in its bright green color and soft feel to the touch, but also in its remarkably
high wax content. The wax content ranges between 14 to 17 per cent on
the dry basis, contrasted with the 0.4 to 0.7 per cent of wax found in most
cotton lints.

An experimental area of five acres has been under cultivation by the
U.S. Department of Agriculture in South Carolina. Green lint cotton has
been grown in the south for many years and is used for home spinning and
handicraft work. Exposure of the green lint to sunlight converts it into a
dull brown color. After removal of the wax, the fiber provides a high-grade
cellulose.

The green lint cotton wax has been fractionated by means of 95 per cent
of ethyl alcohol and ethyl ether, and the crude wax resolved into at least
three fractions. The first fraction (30 per cent) was moderately soluble in
alcohol, of a light green color, and showed a melting point of 85-90°. The
second fraction (50 per cent) was slightly soluble in alcohol but freely
soluble in ether, of a golden brown color, and showed a melting point of
86.5—90.0°. The third fraction (20 per cent) was only slightly soluble in
both alcohol and ether, very dark brown in color, and had a melting point
of 93-95°.

Conrad® noted the deep velvety green fluorescence of the third fraction
in reflected light, and also studied the x-ray diffraction patterns of the wax,
which he showed to be locked in the fiber. Conrad has not stated whether
the wax contains gossypyl alcohol, which is found in three forms—a, 8,
and y—in the ordinary cotton wax, but reports the absence of phytosterol.

Hemp Wax

Hemp wax is the wax of the bast fiber obtained from hemp, Cannabis
sativa, L., indigenous to Asia, but now cultivated elsewhere as well. Obvi-
ously the bast fiber of Musa textilis, Nees, known as ‘“Manila hemp,” of
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Hibiscus cannabis, L., known as ‘“‘Deccan hemp” in South Africa, and other
plants furnishing hemp also contain wax. The bast fiber of C. sativa, pro-
duced in Korea by steaming and scutching, has a length of 1.2-1.3 meters
and is 0.6-0.7 mm in breadth on the average; it is light yellow in color. Its
composition has been reported as follows: 9.77 per cent water; 2.07 per cent
ash, 1.26 per cent oil and wax, 7.30 per cent water extractable, 71.03 per cent
cellulose, and 10.64 per cent incrusting matter. On hydrolyzing the fiber
with 1 per cent sodium hydroxide solution, 17.47 per cent was lost. The
fiber consists of pecto-cellulose and ligno-cellulose.

The fatty substance, or oil and wax component, is brown and waxy-
looking, and has a brittle conchoidal fracture. It has the following con-
stants: dye 1.019; m.p. 66—67°; acid value 46—47; ester value 145; iodine
number 22-22.8; saponification value 162.6 (rising to 187-192 on prolonged
treatment); and unsaponifiable (m.p. 60°, d;s- 1.0022) 11 per cent.

In liberating hemp fiber from the stalks, the stalks are passed length-
wise through rollers to break them in longitudinal planes, prior to retting.
A considerable amount of dust results from the mechanical operation, and
this dust contains a lesser amount of fats, when extracted by benzene or
other suitable solvent. In the production of paper pulp there is consider-
able offal. The wax from hemp dust has the following constants: m.p. 69°;
acid value 22.2; saponification value 86.3; iodine number 33.3; and
unsaponifiable 13 per cent.

Monti% extracted the powder formed in an Italian hemp works by
means of trichloroethylene and obtained the following constants: dis.
1.001-1.003; m.p. 68-70°; saponification value 138, acid value 20.0.
The wax was fractionated into the following portions: (1) ether-insoluble
(40 per cent), probably a saturated alcohol; (2) soluble in ether and alcohol
—{ree fatty acids of high molecular weight ; (3) soluble in ether but insoluble
in alcohol—esters and unsaponifiable matter.

Hemp wax is believed to consist of one or more monohydric alcohols,
probably ceryl alcohols, monobasic saturated acids, together with esters and
hydrocarbons. The melting point of hemp wax is a trifle higher than that
of candelilla, and higher than that of flax wax.

Broom Wax

The tops of Holland broom, Cytisus scoparius, L., the Algerian broom,
Spartium junceum, L., and other brooms contain fatty, resinous and waxy
substances. This material amounts to about 2.5 per cent of the weight of
the tops. The Holland broom extractable melts at 40° and contains
25.6 per cent of a wax with 64° melting point. The Algerian broom
extractable contains 48.4 per cent extractable with a melting point of 64°
also. The fibers of broom after retting and scutching are used to produce
cordage and strong fabrics.
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The lye used to boil broom to separate the fibers, when treated with
sulfuric acid, yields a precipitate from which a fat and wax mixture can be
extracted with solvent. The amount of this mixture is said to be propor-
tional to the concentration of the lye and the boiling time.

Pisang Wax

Pisang wax is a wax derived from the leaves of Musa simiarum, Rum-
phius, and closely related species M. corniculata, Loureiro, and M. acumi-
nata, Coll., all of Pisang. Banana waz, which unlike Pisang wax is not a
commercial article, occurs as a coating on the under surface of the leaves,
and the fruits and petioles of the banana tree, Musa zebrina, van Houtte,
and M. sapientum, L., the common banana. The genus of Musa consists
of gigantic herbs, the leaf stalks forming a trunk often more than a foot in
diameter. The leaves of the species yielding Pisang wax are about six
feet long. The fruit, which is banana-like, is dried and ground in the
unripe state into banana flour, known as Guiana as ‘‘conquintay.” M.
textilis, Nees, produces hemp fiber. Musa seeds in East Africa Protectorate
contain a white powder used as food by the natives.

The leaves of the species yielding Pisang wax are scraped with a knife
by the natives in Java. They can scrape about one half kilogram of wax
from each 100 kilograms of leaves. These scrapings are then thrown into
boiling water; the wax melts and floats to the top of the water from which
it can be collected. The wax is marketed in cakes that are white, cream,
or greenish in color, and translucent. The wax is hard and easily pulveriz-
able.

According to Gresshoff and Sack! the specific gravity is 0.963-0.970
at 15°; m.p. 79-81°; acid value 2-3; saponification value 109. The wax
is soluble in boiling turpentine, amyl alcohol, or carbon disulfide. It is
sparingly soluble in solvents such as alcohol, acetone, and ether.

The chemical composition of the wax has been given as an ester of a
so-called pisang ceric acid (CoHsO:2) m. 71° and pisang ceryl alcohol, m. 78°.
The former corresponds closely to the isomer of normal Cy acid, known as
carnaubic actd, and the alcohol has the identical melting point of ceryl
alcohol, isomer of n-hexacosanyl alcohol. Hence Pisang wax must consist
chiefly of ceryl carnaubate, with a melting point of about 81°.

Tea Wax

A wax can be extracted from the leaves of the tea shrub, Thea sinensts,
L., T. japonica, or T. sasanqua. Tea leaves contain wax, resin and fixed
oil, the wax however being in the smallest amount by far less than 0.15
per cent. A specimen of tea wax may be found on exhibition at the Field
Museum, Chicago; it is black in color, and of plastic consistency. Small
quantities have also been offered from abroad to tea importers in New York.
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Its composition is not fully known, but it is believed to contain phytosterol
linked with daturic acid, and it is known to contain the mono-ethanoid
alcohol, nonenol CyHy;;-OH. Tea wax is capable of producing excellent
emulsions, and if ever commercialized would probably be useful as an
emulsifying wax in the food industry.

A wax is produced from the insect Ceroplastes rubens, Maskell, grown
on the tea plant as a host. This wax has been described by Koyama as
buff in color, hard but plastic and of 54-56° melting point. (See Cero-

plastes waxes, p. 69).

Uva Ursi Wax

A wax is extractable from the leaves of the Uva urst, L., a well known
drug. The low evergreen shrub is commonly called “bearberry.” If the
leaves are extracted with ether, ursolic acid may be isolated. This acid
is probably identical to that obtained from the skin of the cranberry, and
has a melting point of 284-285°. The derivatives on methylation melt
at 230° and 172° respectively, and the acid is thought to exist in a and 8
modifications, or isomers, which have almost identical melting points, in
290-291°, and 292-293° respectively. Ursolic acid of the Uva ursi was
formerly known as urson.

(8) Wazes from Grasses and Sedges

Sugar-Cane Wax

Cane wax, originally called cérosie and more recently cerosin, is the
wax found on the exterior of the cane-stem of the sugar cane, Saccharum
officinarum, L. During the milling of the cane, a large portion of this wax,
a powdery substance, becomes detached, and mixes with the expressed
juice as an insoluble suspended impurity, the remainder of the wax being
left in the bagasse, which is the waster after expressing the juice. The
actual amount of wax in sugar cane is less than 1/10 of one per cent by
weight, and most of this wax is near the nodes of the cane.

The following methods for the recovery of the wax have been proposed:

(1) Extraction directly from the cane. The stalks are propelled through
a tank of hot water which is flowing in the opposite direction; while sub-
merged the wax is separated and collects as a film on the surface of the
water. This collected material is then allowed to flow into a recovery
apparatus such as that described by Bunker.?

(2) Extraction from the filier press cake. The cake is first carefully
dried, crushed to a powder, and heated with a suitable quantity of benzene.
After settling and decantation, the hot benzene extract is filtered and
allowed to cool. The wax separates out and is recovered by a second



THE NATURAL WAXES 131

filtration. This crude wax is very dark in color and must be purified.
About half of the benzene-soluble matters in the cake consist of wax. As
much as 10-12 per cent of wax on the dry basis is recoverable. A paraffin
solvent, according to Clatcher, works out more economically than the
proposed benzene solvent.

(8) Extraction from the raw juice. The raw juice before deliming or
sulfitation is treated in centrifugal-subsiders, as proposed by Cross, and
the suspended solid matters, including wax, are deposited in the drum,
instead of passing into filter presses. The wax can be extracted from the
centrifugal deposit by boiling with denatured alcohol, filtering and chilling
out the wax.

(4) Extraction from the bagasse. The Simmons method calls for the
extraction of cane wax at the time the bagasse sugar cane residues is con-
verted into paper material. The bagasse is digested with sodium hydroxide
under 12 to 30 lbs steam pressure, then washed, redigested with the caustic
at 40 lbs pressure and again washed. The residual washed fiber is con-
verted into paper, and the cane wax is extracted from the caustic solution
by concentrating this to one-fourth of its volume and allowing the wax to
rise to the surface as a scum. The scum is then removed by skimming
ladles and purified in any convenient way. The yield is not over 0.5 per
cent.

The only economical method thus far is the third one described; that
is, on liming the juice the precipitated non-sugars carry down the suspended
particles of wax, which thus pass into the sediments in the settling-tanks,
and finally into the filter press cakes, containing the fiber, wax, and starch.
The wax is then extracted from the filter press cake by hot paraffin solvent,
such as a high boiling naphtha, and the wax deposits on cooling and can
thus be removed from the chilled liquid. The yield is from five to seven-
teen per cent of crude wax.

In Natal the dry mud press-cake in plant operation established 1914-18
yielded 14 to 17 per cent of wax. It is reported that in 1924 the plant
there produced 6000 short tons of a dark colored wax per annum for export.
Wax has also been recovered on a commercial scale in Java. Wax has
been produced in the province of Tucuman, Argentina; in East India; and
on Cuban estates; as well as elsewhere, but not on a commercially
profitable basis.

The crude wax consists of a soft part, containing fats and oils, and a
hard part, consisting largely of unsaponifiable matter. The objective is
to free the wax from the soft part, and thus obtain the more valuable true
wax. The wax in the soft part melts at 60° or less, but the true wax from
the hard part melts at 78-80°. Bleaching of cane wax is difficult. Soft
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wax separated from the hard melts at 60-62°, has an acid value of 47, and
a saponification value of 177.

East Indian Cane Wax. Kast Indian cane wax is extracted from
the dry filter press cake by means of a light petroleum solvent and with a
yield of 10-15 per cent. Usually this is a greenish-brown hard wax which
has analytical constants within the following range: melting point 66-67°;
specific gravity 0.963-0.984 at 25°; acid value 12.0-23.4; saponification
value 35.5-81.1; iodine number 16.2-31.5; acetyl value 55—60.7; unsaponifi-
able 62.3-80.0; Hehner number 83. The wax contains mixed sterols,
brassica-, stigma-, and sito-. It has been reported that the wax from one
central yields only stigma-, and sitosterols.

Rao and Gupta'® recommended purifying cane wax by boiling the
petroleum spirit ( b. p. 120/130°) extract with five per cent of nitric acid
and direct steam for twenty minutes, cooling, and washing the separated
wax free of acid. In this way a slightly yellow-tinged white wax is said to
be obtained. The wax has a melting point of 66° minimum when derived
from East Indian filter press cake.

South African Cane Wax. Rindl,'® South Africa, reported on a crude
wax directly extracted from the press cake by means of benzine. The wax
showed the following constants: melting point 55°, setting point 51°,
densityioe .968, acid value 38.6, saponification value 167.9, ester value
129, Hehner number 88.6, Reichert-Meissl number 7, iodine number 60,
unsaponifiable 27.7 per cent. The wax contained glycerol 7.2 per cent,
mineral matter 2.03 per cent, lecithin 2.7 per cent and nitrogen 0.15 per
cent.

Taylor in 1919 reported on an examination of a well refined wax from
the Uba variety of cane in Natal. The constants were as follows: melting
point 71-73° acid value 15.9, saponification value 98, ester value 82.1,
iodine number 28.6, ash 0.6 per cent, unsaponifiable 55 per cent.

The crude wax extracted from the press cake of Cuban cane according
to Bardorf!' amounted to 21.2 per cent. The wax contained a soft part,
olive-green in color, which melted at 52°; and a hard part, brown in color,
which melted at 82° and was stable to heat. Eastwick states that a com-
mercially purified cane wax melts at 60-62°, has an acid value of about 47,
and a saponification value of 177.

The following are constants which represent the mean values obtained
from numerous specimens of semi-refined sugar cane wax other than
American: melting point 67°; setting point 60°; specific gravity 0.982 at
15°, 0.974 at 25°, 0.836 at 100°; acid value 24.6; saponification value 96.0;
ester value 79.8; iodine number 34.5; unsaponifiable 47.5 per cent; Hehner
number 86.3; acetyl value 58; Reichert-Meissl number 7.

The cane wax obtained by Cross from filter press cakes in the province
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of Tucuman, Argentina was of a greenish color and was much softer than
the true cane wax, m. 60-70°. By fractional crystallization from ben-
zine it was possible to separate the cane wax from the other constituents.
The wax so obtained had a melting point 78-80° and after purification
and recrystallization it melted at 81-83°. Suspended substances removed
from raw juice by means of a large juice centrifugal yielded a product
which upon one crystallization gave a pure hard wax with a melting point
of 82°,

Philippine Cane Wax. A crude cane wax from the Philippines
was brown in color, streaked with a great deal of green material, which
contained much chlorophyll. Since the behavior of chlorophyll is not
unlike that of fat-wax substances it is not easily separated. Attempts to
saponify a portion of the wax led to serious trouble in separating the true
wax ingredients from the emulsion. An attempt was then made to destroy
the chlorophyll by boiling the crude wax with a 50 per cent solution of sul-
furic acid and sodium dichromate. On cooling the wax separated at the
top, whence it was washed with water, taken up in chloroform, and filtered
through animal charcoal to yield a soft brown wax.!¥ The latter semi-crude
appeared to be quite identical to the original wax except that chlorophyll
was absent, and any traces of sugar, minerals, or other soluble matter were
thereby removed. The yield of semi-crude wax by this process was about
94 per cent.

Crude Green Cane Wax Pale Brown Cane Wax
Specific gravity at 25° 0.998 0.972
elting point 52-70° 71.1°
Acid value 56.8 40.0
Saponification value 137.5 147.5
Todine number 83.8 45.6

In another experiment the original crude wax was distilled under
reduced pressure, and there resulted a pale yellowish wax of soft consistency.
These soft waxes appeared to contain in part glycerides of unsaturated and
saturated acids. By extraction of the crude wax with warm ethanol, then
chilling and siphoning the crystal wax, and repeating the extraction and
separation six times, there resulted a refined wax of pale green color and
of a high degree of hardness like carnauba wax. Careful treatments with
warm (not hot) ethanol removed the chl