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FOREWORD

Montan wax has been extracted from the lignite
deposits of Germany since the early part of the twentleth
century, The wax was named by von Boyen (1901). The word
Montan 18 derived from the Latin term montanus meaning
"of a mountaln," The wax has found extensive uses in
polishes, insulating materlals, candles, explosives, and
speclal applications in the rubber industry.

Ths increased demand for waxes for industrial uses
and the limited supply of domestle origin has made the
study of the sources and characteristics of domestic
waxes deslrabls,

California lignite has been shown to be a valuable
source of Montan wax,

The object of this research 1a to improve upon the

physical and chemical properties of the extracted wax,



WAXES

The English term, "wax", 1s derived from the Anglo-
Saxon weax. This was the name used for the material
obtalned from the honeycomb of the bee, Materials of
similar chemical and physlceal propertiss were also found
in plants, These too were known &8s weax oy wachs, Thess
terms have evolved to the present general term wax. Wax
now covers & much broader variety of materials, including
a1l waxlike solids and liquids found in nature and all
hydrocarbons, acids, alcohols, and esters that occur
individuslly in waxes,

The general sources of waxes are classified as natural
and mineral waxes. The natural waxes are divided into
insect, animal, and plant waxes, The mineral classifica-
tion includes the fossil, earth, and lignite waxes,

The insects of princlpal importance that produce
waxy substance are the varlous specles of the bee. As a
rule, the honey-producing bees furnlsh the larger per-
centage of wax, COther waxes obtained from insects are:
cocoon 81lk wax, Chinese insect wax from the scale-inseact,
Coccus pela, and shellac wax from the Lac insect, Carteria
lacea.

Waxes are obtainable from both land and marine

animals, Wool wax or lanolin from sheep 1s the most im-



portant wax from the land animal sources and spermacetic
- wax from the sperm whale 1s the most important marine
animal wax,

Wax production in a plant occurs in small gquantities
in the seeds, the pollen, &nd in the tissues. 1t 1s found
as a result of excretion upon their leaves, stems, or
fruit, This 1s especially pronounced in the case of desert
and semi-arid plants which secrete a waxy coating upon
their leaves to retard evaporation of what little moisture
they have. Some of these plants, such as the carnauba
palm, from the dry regions of northeastern Brazil; the
candelille plant, from the deserts of Mexlco; and the
bayberry shrubs along the Atlantic Coast secrete enough
wax to be of economlic and commercial Iimportance.

Constituents of plant and animal waxes are, for the
most part, made up of none-glyceryl esters formed in nature
through the esterification of the longer carbon chain fatty
acids and the higher alcohols, Along with these, there also
occur free monohydric &lcohols and sterols, free fat and
waxy acids, hydrocarbons, and lactones or similar conden-
sation products,

Extraction of ligneous coals ylelds a mineral wax
containing wax esters, free wax acids, ketones, and alcohols.

Algae wax, a fossll wax produced by Algae; ozocerite, an



earth wax; and montan, & lignite wax, &are all types of
mineral waxes which are obtalned by mining operations

and refining processes,



WAX CONSTITUENTS

The constituents of waxes are chiefly acids, alcohols,
and esters resulting from the union of the aclds and alcohols
present, Saturated and unsaturated compounds along with
iéémenanare alaso found in varlations with the sabove com-
ponents. Oyolic alcohols or sterols are predominant in
fats and oils, but occur in waxes to & small extent, only.

The number of carbon atoms that make up a wax may
vary hetween 1l and hly (Warth, 1947).

Saturated paraffins, both straight and branched chalns
are the sole constituents in petroleum waxes and appear
to an lmportant degree In other waxes,

The important aleohols in waxes are the aliphatie
monohydric aleoohols In contrast to the diols and triols
which are found in snimel and vegetable o0ills. The aclds
are separated by saponification with an inorganic base,
usually with sodium hydroxide, followed by treatment with
an excess of water to remove the resulting salts from the
unsaponifiable materlal, This unsaponifiable material
consicsts of alcohols and other allphatic substances,
Separation of these alechols and aliphatie subatances can
be accomplished in most cases by use of a selectlive sol-
vent, or by fractional crystallization, Little is known
of the structure of several of the alcohols encountered

in waxes, They are simply referred to as isomers. Car-
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naubyl aleohoel, the alcohel of wocel greuse, was one of the
first isomers to be ldentified. It is n-lignoceryl
alechol., An lsoceryl alcobhol also exists, The nixed
dimers #re resromsible for three or more ceryl alcohcls,
referred to a4s neoceryl, ceryl uand carboceryl (025H520,
CZGHE"‘;L]‘.O’ and 3"271{5'60 )

The existance of the monomerle aleohula with odd
numberas of carbon atoms 1s unusual, liowever, montanyl
alcohol, In its natural state in montan wax, or in cotton,
anpears to be a 29-carbon aleohcl; and mellssyl aleohol
of the waxes of arid plants, appeuars to be a normal alcchol
of 31 carbon atoms. Snythetically prepared alceohols having
29 and 31 carbon atoms have the same physlical and chemical
nropertiss &as the corresponding natural aleohola,

Sterols, polycycllie alcohols of the cyclopontunoe
phenanthrene structure, ceccur, to a certain sxtent Iin waxes
of both plant and animal oriprin, They are water inscluble
and appear Iin the unsaponifliable residues of the waxes in
significant quuantities, Cholesterol, a sterol, 1ls an
importent constituent of lanolin, a natursal material found
in the extraction of oils from wool, Assoclated with
cholestercl in wool is 7-8 dihydrocholesterol, which when
subjeeted to ultraviolet light can be activated to & form

of vitamin D,
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Cholesterol forms esters with lauric acid, myristic

acid, palmitic acid and stearlc acid that are of a waxy

nature and are used exbtensively In the manufacture of

cogmetics,

Ketoniec alcohols and lactones are encountered rarely

as components of waxes,

-

Some of the alcohols, their natural occurrence and

melting points are given in Table I. (Warth, 1947, pp. 9=14)

1.
2.
3

comblned,

Alcohol
Cetyl
Stearyl

Ceryl
Montanyl

Myricyl

Mellssyl

Lacceryl

Number of Carbons

M. P,

16
18
26

29

30

.55
32

tion of emulsions and in liquid waxes,

49-50
58,5
19,580

Bly..5
86.5

87

89

Source
apermacetic
Montan wax

Chinegse
Insect Wax

montan wax
Japan Wax
Carnauba
beeswax
beeswax

carnauba
stick=lac

The fatty acids in waxes appear both free and
The unsaturated a&cids are valuable in the forma-

Fatty acids of

pléﬁt origin are generally found to contain an even number

of carbon atoms and only a small percentace of waxes contain

aclds

with odd numbers of carbon atoms.
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Warth, in his book, "The Chemistry and Technology

of Waxes," (1947) has set up a group of acids showlng thelr
assoclation with well known fats and waxes. From butter,
butyric acld can be obtalned; cocoanut oll glves capric
acid; human fat gives caprylic acid; cocoanut fat glves
capric aclid; palm kernel and sperm head oll gives lauric
acid; cocoanut oll, spermacetl, and wool waxes yleld
myristic acld; carnsuba wax yilelds myristic acid; bees-
wax glves cerotlic, montanic and melissic acids, The wax
acids have eight or more carbon atoms. Acids of less than
eight carbon atoms have not been detected, even in the
liquid waxes.

Dibasic acids, hydroxy acids, polyhydroxy acids,
unsaturated acids and lactones are encountered in rare
instances, They are more closely assoclated with sugars
and starches, and when found with waxes, are considered
as impurities., Shellolc acid and certain similar acids
found In beeswax are examples,

Alkyl esters resulting from the union of acids with
higher aliphatic alcohels, and less often with cyclic
alcohols, such as the sterols, are the principal com-
ponents of the natural waxes. The esters encountered in
nature appear to have an even number of carbon atoms, with

the possible exception of the esters of an extremely high
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molecular welght. There is apparently a tendency for an
acid of an odd number of carbon atoms to combine with an
aleohol with an odd number of carbon atoms to form an ester

of an even number of carbon atoms, e. g.,

C,nH..,COOH HOC, H C,.H ¢, H

28"57 %Ca9M5g 28157900095 10
Montanic Montanyl Montanyl mon- water
acid alcohol tanate

The naturslly occcurring esters of hlgh molecular
welght are extremely difficult to synthesize in the lsbora-
tory. Aclds isolated from waxes are readlly converted to
ethyl or other low alkyl estera for purposes of ldentiflica-
tion. The esters of low alkyl alcohols are separated by
distillation or recrystuallization. The bolling points of

the ester derivatives are commonly used as a means of

ldentification for the acids,



SCURCE OF MONTAN WaX

Montan wax 1s classified as a mineral wax, or more
sneeifically o lignite wax, This clussification is not
consldered mineral or lignite by strict definition but is
go specified because of its geolepglcal oeccurrence,

The lipnltlc couls whlch yleld wex ure brown and
sof't with fragments of the plant structures readily recogni-
zable, Microscopic examinatlion reveals not only abundant
cellular tissues but also seed bodles, spores and resinous
particles which contain the waxy constituents,

BEvery coal variety is dependent on many faectors. The
characteristics of the original vegetation from which the
deposlt was produced, the degreo of decomposition and the
following geologicsl history which involves the degree of
preasure and heat to the mass of the peat, all Iinflusnce
its provesrties,

Throush & series of transformations, peat doposits
have been pradually converted to coal, The classifieution
of a coal is dependent upon the degree of conversion from
the initial peat deposit., Lignite represents the lowest
degree of conversion whereas anthracite 1s the result of
maximum transformation,

During the degradation of plant ingredients, it

is known that protoplasm and olls docay relatively ravidly.
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Cellulose and lignin decay more slowly; and the spores,
pollens, waxes, and resins remain intact long after other
parts of the plant matter have been completely degraded.
Because of their high resistance to chemical change, they
often remain unchanged during the coalification period,

The conversion of peat into coal 1s believed to be
due largely to the pressures resulting from shifting strata
and earth disturbances. Heat generated from these pressures
contributes to these changes, and the mineral matter col=-
lected in the laying down of vegetation has also Influenced
the results. The duration and severity of the conditions
to which the layer of peat is sub jected during this period,
as well as the organic deposit, probably determine the kind
of coal formed from the original peat deposit.

Lignite 1s the name appllied to the material resulting
from the first stages of coal forming., It may or may not
be woody and is more compact in structure than peat. It
is dark brown to nearly black in color., The lignite taken
directly from the mine contains from 20 to L5 percent
moisture, It slacks readily and falls to pleces on ex-
posure to weather. The heating value ranges between 5500
and 8300 B.T.U, per lb.of undried lignite, and between
10,000 and 12,000 B,T,U. on the moisture and ash-free
basis (Wilson, 1950).
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There are tremendous quantities of lignitic coals
in the United States which have been explolted commercially
only cn a very limlted scale for fuel purposes because of
the avallable higher-grade coals and the large supplies of
petroloum and natural gas,

The lignite deposits in America have a common charac-
teristic with respect to their geologlical age, in that they
are believed to have been developed during the Paleocene
and Hocene epochs of the Tertiary perilod.

The Gulf states, the Northern Great Plalns states,
and the Pacific Coast states are the three main areas of
lignitie coal deposits in the United States (Selvig, 1950).,

Alabama, Arkansas, Loulsiana, Mississippi, and Texas
are included in the "Gulf province" of Campbell's (1929)
geographical division of American coal deposlits. Campbell
grouped these deposits on the basis of geological relation=-
ship and geographical distribution, The deposits in North
Dakota, Montana and South Dakota, which make up the "Northern
Great Plains province", are the most extensive in the United
States as far as quantity is concerned, In the "Pacific
Coast province", deposits are located in Oregon, Washington
and California, Probably the most important lignitic coal
deposits of this "province" are located in Amador County,

California, The lignite in the neighborhcod of Buena Vista
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and Ione 13 the best known and was exploited in a small way
from about 1871 to 1912,

The fuel values of these coals are very poor but the
extractable materials have great potentialities for come
mercial consumptlion. Montan wax is considered the mosat
important material taken from lignite, Work is belng done
on the humlc acid or sodlum humate extracts from the coal
as a4 vicesity control of mud used in oll well drilling.
Aglde from the extractable substances, experlments are being
condueted on the possible value of the lignite as a ferti-

lizer.,
CONSTEITUBNTS OF MONTAN WAX

The 1solation and identification of the various
chemical components of montan w&x has been the subject of
a considerable number of Inveatigations. The constituents
contained in montan wax are chiefly esters of monohydric
alecohols, and free alcohols and aclds of high molecular
welight,

Pachorr and Praff (1920} isolated various alcchols
from ether and acetone extracts of the wax, The ether
extract ylelded free acids and the alconol extract ylelded
tetracosanol, CZhHSOO' Moat of the free wax acids and

ceryl alcchol, CppHgy0H, free and esterified were obtained
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from the acetone soluble material from the residue of the
other extruactlon. Saponification of the finual reslidue,
whicn was rich in esters, yielded tetracosenol, ceryl
alcohnol, and myricyl alcohol, C3OH610H. These findings
have been consistent and In accordance with findings of
others. There has been no disapreement as to the alcohols
lsolated but there has been a falr smount of controveray
over the chaln length of the aclid constituents of montan weaxes.

As early as 1852, an acld which melted at 82° was
lsolated from a brown coal, It was called "peocerinic
acid"” and the analysls of its lead salt indicuted the
{formula to be CoplgaOp.  Hell (1900) isolated the free sacid
by extracting the saponified wax withh ligroln and treating
the soaps with a mineral acid., The free acids were syste-
matically fractionated by precipltution with magnesium
acetate. On analysis, Hell (1900) ventured the formula
as CpoHgpOp. Both of these analyses were on the lead salts
and due to the moleoculsar size, the difference between the
aclds would be cloge to the experimental error. 0Other
reseusrch was done on the difference in molecular welght
between the Cpg and the Cog acids which is iy, which is
greater than the experimental error., Dilscrepancies still
cccurred which were later found to be due to the lmpurities

In the acids, It was believed that the waxy &clds were a
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mixture of acids having an odd number of carbon &toms,
Holde, Blsyberg, and Vohrer (1929) reported the separation
of a Cyg acld and an 130-032 acid and supgpested that a

Cap a0id was probably an ilngredient of montan wax,

A number of acids were prepared synthetically to
observe their properties and pecullarities (Franeis, Piper,
and Malkin, 1930). The melting points of the acids between
€11 and Cpg were found to be on two smooth curves, one for
the &c¢lds having an even number of carbon atoms and the
other for the acids having an odd number of carbon atoms,
The higher molecular weight acids were found to have
melting points theh differed slightly from each other
depending on the way they were prepared. When the acld
was in the form of fiqely powdered crystals, it had &
slightly higher melting point than an acld prepared by
using a8 premelted sample, The melting points were found
to be within one degree of each other,

Studles on the large crystal spacing of ths pure
acids by the same authors and the data obtained from these
studies and incorporated with the correct melting point
were considered sufficlent verificatlon of an acid of
hlgh purity.

Samples of aclds from montan wax were checked in

this mannqr._ It was found that the acids were not pure
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but were mixtures having either 28 and 30 or of 28, 30,
and 32 carbon atoms per molecule, The agreement between
the melting points and x-ray spacings of both naturally
oécuring and synthetic montanie acid, indicate that mon-
tanic acid 1s octacosanoic acid,

The refining of a product is generally a desireable
practice, It not only improves the product but opens
opportunities for different types and grades of materials
to meet speciflc requirements of the consumer., The purpose
of this research is to study the properties of montan wax
with respect to refining, bleaching, and blending; and to
determine the acid, saponification, ester and Iodine

values.
BXTRACTION OF LIGNITE

The extraction of montan wax from lignite is de-
pendent on such variables as the percentage of wax and water
in the lignite; the type of solvent used; the time and
temperature during the extraction; and the separation of
the wax solution from the insoluble material,

The yleld of extract from lignite with a given
organic solvent may vary over a considerable range depending
upon the age of the lignite as well as the origin and method

of deposition, It has been found that a maximum yleld is
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reached in the extraction of young brown coals by the use
of aromatic solvents (Wakesman, 1930).

Considerable work has been done on the pressure
extraction and extraction at elevated temperature (Lowry,
1945). These methods have been used generally in coal
analysis., The atmospheric-pressure extraction of brown
coals with low~bolling solvents such as alcohol, benszene,
and toluene yield waxes and resins chiefly along with small
amounts of asphaltic constituents. Extraction of various
lignites with the above solvents yielded as low as a
fraction of a percent of soluble material to as high as
36.6 percent (Selvig, 1950).

Removal of the waxy constituents from the lignite
can be done on & wet or dry basis. The majority of the
wax plants in Germany use the von Boyen process which was
patented in 1901 In which the brown coal is ecrushed,
clarified and dried before extraction., The only plant in
Germany which treat the bituminous lignite 1n lts natural
damp state is that of Frank and Zuyler (Warth, 1947). This
procedure is designated as the wet extraction process. The
two plants that are in actual commercial production of
montan wax in the United States use the wet extraction
process, One uses a modiflied wet extraction in whiech the

coal 1s partially dried,
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The solvents used in treating the coal commercially
are usually of the aromatic type. Several plants in Germany
use methanol with benzene generally in the ratio of one to
four by volume, The use of methanol is employed in the dry
process to prevent & decrease in the yleld of extract.
Fischer and Scheider (1918) made a study on the yield of
wax from dried and wet lignite contalning approximately
10 per cent water, They obtained & four per cent greater
yield from the wet lignite,

In the wet process, the coal is ground to pass a
s8ixty mesh screen and 1s then conveyed to an extractor
tank where the solvent is added, The time and temperature
of actual extraction depends on the nature of the coal,
If the temperature is held in the extraction temperature
range for too long a period, emulsions which prevent rapid
separation of the wax solution from the coal are formed,
Some type of a filter cloth which 1s used in either a
vacuum or pressure fllter system 1is the general commercial
means of separating the solution from the coal, The sol-
vent 1s distilled off leaving the crude montan wax,

The crude wax obtained from the extraction of lignite
with the lower boiling solvents consists largely of resins,
waxes, and asphaltic materials. The percentage of each of

these varies with the type of lignite and can be controlled
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to a certaln extent by means of a selective solvent. The
segregation of the resins and waxes has reocelved conslderable
investigatlion., There are varlous me&ns of removing the
resineg from the waxes. A sultable method for commercial
extraction would be to dissolve the wax in & hot solvent and
then orystallize by cooling. The resins would remain in the
solution, Various solvents such a3 the higher alcohols
containing three or more carbons, mixed hexénes or petroleum
- ether, and the aromstic solvents have been used. The wax
crystals produced are not entirely free of resins and a
| small percentage of wax will remain in the solution, but
this amount i1s very slight as the wax Is practically in-
soluble in cold solvents. The resin content can be separated
more completely by fractionation with ether,

In the process used in the German plants, the wax pre-
pared for subsequent processing ny oxidation or for selective
reacticns and for compounding, la extracted to remove the
resins, For this procedure the wax is powdsered and
thoroughly mixed with the solvent mixture, i.e. 20% methyl
alcohol and 80% benzene. The wax is removed from the solu-
tion contalning the resins by flltratlon. The resins are
obtained by distilling off the solvent. Approximately 5%
of the total resin remains in the extracted wax (Palmer,

1945).
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The amount of' the resins varies considerably in dif-
ferent waxes, It was found that montan wax from pyropissite
contalned as little as 6.6l percent resin; Riebeck montan
wax, 16,54; wax from the Heimann firm, 46.6; Bohemian
montan, 31,53 and Silesian montan, 65.90 (Lowry, 1947).

Resinous material from the German wax has the
following properties: melting point, 65° to 70° C.; aecid
value, 33; saponification number, 76; and methoxyl number,
3.0

Investipgations have shown the resins to be of a
terpene nature. A hydrogenated polyterpene, CEOHBM’ has
been isclated in small quantities. It was believed to
be iosene, & derivative of retene (Soltys, 1929). A
petroleunm ether extract yielded a saturated tricyclic
sesquiterpene with the formula CjigHpg. Along with these
polyterpenes, two paraff'in hydrocarbons have also been
1solated from the petroleum ether fraction. They are
triacontane, CyoHp), melting at 66° C., and dotriacontane,
C32H5u, melting at 70° C. The actual percentages of these
hydrocarbons in the resin fractiocn have not been determined
quantitatively, but they apparently dominate because their
melting points agree with the melting points of the crude
resins, Most of the work on resins has been done on those

obtained from German sources,
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The erude wax, as extracted, is dark brown to black
in eclop. It has a melting point betweon 82% ¢, und 87° ¢,,
an acld valne of 30«56, & saponification number of G0-110,
an lodine numbes of 17.%6, and unsaponlfiable material,
36.0L percent (Warth, 1947). The asvhaltie, and resinous
materisls In the waxes alter the wax proporties to 4 con-
slderable degsrec,

Purification of the crude wax has been investipated,
Une method used is the itreatmont of the crude wax concen-
trated sulfurle aeld, 1ts monohydrate, fuming suliurie, or
chhilorosulfonic acid, and alkall metal bisulfates. The acid
materlial is added to the molten wax, which is held between
130° C. and 1800 ¢, Tne mixture 1z viporously asitated
untll the désired nurificuilion has besen attained. ‘the
resulbing paste-like material ls washed with water and s
neubralized with & little wlkall metsl blcarbonate and then
dried., ‘The material may be relined further by esxtraction
with an aroamatic solvent (Wdarth, 1947). 'This method is
inexpenaive but the onroperitles of the wax dare net improved;
in fact there 1g a tendency bto Lorm a char from which low
yilalds of licht colored wax are obtainsd, This wax also
has a lower melting point than ths crude wax,

inother method for the puriiicuatlon of crude waxes

conpisty of separaling the acids and alcohols by suoonifli-
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cation procedures. The impurlties in the aleohol and un-
saponifiable portion are removed with a solid adsorbent,
The aclds are purified by treatment with an oxidizing
solution such as dichromate and sulfuriec acid or with an

alkaline solution of permanganate,
REFINING OF MONTAN WAX

Further removal of the asphalt and resinous material
from the crude wax was attempted by the use of methanol,
ethanol, propancl, butanol, isopropanol, carbon tetra-
chloride, and toluene. The crude wax was completely soluble
in carbon tetrachloride, toluene, and butanol; and partially
soluble in methanol and ethanol., Propanol and l1sopropanol
dissolved the wax and resinous material, leaving the
agsphaltic material undissolved,

A method of continuous extraction with isopropanol
using a modified Soxhlet Extractor was found to separate
the asphalt from the other soluble materials in the solution,
This refined wax erystallized from the solvent by cooling,
and was separated by filtration, The alcohol 1in the
filtrate separated from the resins by distillation,

A sample of eorystallized wax was aléo obtained from
a 15 percent solution of crude wax in toluene, The hot
solution was cooled and the wax crystals were collected

by filtration,



BLEACHING OF MONTAN WAX

The bleaching process was carrisd out on crude,
crystallized, and refined wax. The bleaehine sclution
censisted of a sclution of sodium dichromate in sulfurilce
acid and water, The bleaching combinatlon conslated of
1 part of wax, 1.0 parts of sodium dichromate, 10 parts
of water, and 70 parts of 95% sulfuric acid. Ths mixture
was heated to 110° C,, &t which temperature the reaction
became exothermle. However, the reactiocn was broucht to
completion toward the end of the oxidation by additional
heatinge,

The residual sasphalts and resins are responslible
for the color which is removed by thelr oxldation.

The alkenes wers oxidized to glycols and {inally
to aclds, Alcohols prezent wero oxldlized to thelr corre-
smondine acida,.

The completion of thoe bleachiny operation was
detormined by titrating a portion of the bleaching liguor
for the chromate lon wlth standard ferrous ammonium sulfute
solution using dirhenylamine sullonle acid as &n indicatop,.
The chrome comnlexes were removed from the wax with dilute
anlfuric aclid and ihen -treuted wlth water to romove sulfurile

acid,
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The results obtailned were as fcllows:

Type Percentage of total chromate used Color

Crude wax 95 Brown~ye llow

Crystalllized wax 89 Light ten

Refined wax 75 Pale yellow-
white

Asphaltie material 73 No discolora-
tion

ACID VALUE

The acid value 1s the number of milligrums of
KOH needed to neutralize one gram of the wax sample, A
general procedure consists of warming 3 to |} g of the sample
with neutralized alecohol in a 250 ml Erlenmeyer flask,
Several drops of phenolphthalein solution are added and
0.1 N alecoholic KOH solution is added until the first
permanent pink color appears (Crawle, C.M., 1945).

The acld values reported below were obtained by
dissolving 0.5 g of the wax in a small amount of warm
toluene. When the solution was complete, 200 ml of
additional toluene were added, The sclution was cooled to
room temperature, A few drops of 1 percent solution of
phenolphthalein in ethanol were added and titration with

alcecholice KOH was carried out as above,
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The acid wvalue 1s the number of ml, of 0.1 N KOH

times 5.461 which 1s the number of millieQuivalents of KOH
per ml of solutlon, divided by the welght of the sample,
A comparison of the acid values of the different

mabterials 1s shown below:

Type Acid Value
Crude wax L6
Crystallized wax L8
Refined wax W7
Asphaltic material 110,.,2
Resinous material 60.6
Bleached Crude wax 110
Bleached Crystallized wax 112
Bleached Refined wax 10l

SAPONIFICATION AND ESTER VALUE

The saponification value is the number of millipgrams
of KOH required to hydrolyze 1 grem of wax. The procedure
followed was similar to Cawley's (1945). A 0.5 g sample
was refluxed in a 250-ml. boiling flask with 20 ml, of
0.5 N aleoholiec KOH for 2 hours; 200 ml, of alcohol were
added and the soluti n brought to the boiling point, The
hot scolution was titrated with 0.% N hydrochloric acid.

A blank determination was made at the sume time,

Saponification value = (Vol, of N HCl in blank--Vol, in
analysis) X 56,10l

wt. of sample
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The ester values are the differences between the

saponification values and the acid values and shows the
amount of alkali consumed in the aaponlficaﬁion of the

esters,

The following data were obtained:

Sample Saponification Value kster Value
Crude wax 10l 58
Refined wax 8749 40.9
Resinous material 91.8 31.6
Asphaltic material 1.8 108.2
Bleached Crude wax 151,7 Lh1,7
Bleached Crystallized wax 112 87
Bleached Refined wax 155 51

IODINE ABSORPTION VALUE

The iodine number is a measure of the percentage
of unsaturated materlal present in the sample analyzed.,

The Hanus method which employs an iodine monobro-
mide solution in acetic acid was used in finding this
value,

For the determination of the ilodlne value, & known
weight of the sample, in this case, 0.3 g was dissolved by
treating with 20 ml, of carbon tetrachloride, The solution
was then cooled to room temperature and a measured volume
of 1odine monobromide solution was added., The solution
was mixed and set aside in a dark room for two hours, A
few ml., of 15 percent KI solution were placed in the cup of

the ground glass stoppered 250 ml, lodine flasks, e
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After the walting perlod, 10 ml, of KI solution
were added and the free 1lodine was titrated with 0,1N
sodium thiosulfate, The results were calculated to give

the grams of lodine absorbed by 100 grams of the sample,

Samp Le I, Value
Crude wax 2%
Crystallized wax 1
Refined wax 10
Resinous material 38
Asphaltic material 36
Bleached Crude wax 0
Bleached Crystallized wax 0
Bleached Refined wax 0

MELTING POINT DETERMINATION

The ball and ring method was employed in the

determination of the melting point (Selvim, 19%0). A
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melted sample was poured into the ring; on solidification,

a steel ball was placed on the sample and both were
suspended in a beaker of water, A thermometer was placed
along side the sample with the mercury bulb even with the
ring. The water was heated at a rate of 1¢ ¢, per minute,
The meltihg point was taken as the temperature at which
the steel ball dropped through the ring,

The melting points obtalned were as follows:

SBITIE].& ’ IqlPt‘ 0 s
Crude wax 81,5

Crystallized wax 86.5
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Sample : I‘;i.P.,O C.
Refined wax 85
Resinous wax 56
Asphultic wax 92
Bleached Crude wax 81
Bleached Crystallized wax 8
Bleached Refined wax 85

PARAPFIN WAX COMPATIBILIYY

Compounding of waxes mskes 1t posslible to produce
Innumerable mixtures or blends of waxes having many com=-
merclal uses, A general method of testing a wax is by
determining 1ts compatibility with varaffin having a
- melting voint of 56° ¢, |

Tests of the compatiblility with paraffin were made
with the e¢rude montan wax, orystallized montan wax, refined
montan wéx, and the agphalilc material, The tests were
made by adding 1 gram of the sample to 3 grams of melted
paraffin in a amall beaker. The waxes were mixed thorouphly
whils the temperature was held at 100° for a period of
approximately two hours,

The erude and crystallized wﬁxea were not completely
compatible; the separuted asphnalt was not compatible and

the rofined wax showed 100 percent compatlibillity.



DISCUSSION OF RESULTS

The products obtained from the ilsopropanol exbtraction
of the crude montun wax were isclated in the followling
percenta%es: relined wux- 70.7%, resin~ 16,085, and asphalt
12,5%. This procedure is quite simple. It takes about
30 minutes at a temperabture between 75-800 . for the waxes
and resins to completely dissolve, leaving the asnhaltic

1

hpesidue. The separatlon of the wuax from the solutlon la
slmply a matter of slowly cooling the solution with no
agitation so as to obtain large crystals that filter
readily., The solvent loss ls small because an enclosed
system ig used, Thils system of separutlon was I[ound to
be unlque in that the asphuli, resin, and refined wax are
isolated in the sume proocess.
The bleaching of the different t:pes of materials
showed that the asphult was the maln detriment in obtaining
& lleht colored wax, The wax crystalllized from toluene
wag bleuched to & color a little lishter than that of the
bleached crude wax, Thils was probably dus to the removal
T of the unsaturated compounds in the resinous material,
The removal of the chrome ¢omplexes f{rom the bleached
cerystallized wax proved to be difficult, In the attempted
bleach of the asphualt, a dark grey, snonay substance

regsulted from which it was difficult to remcve the chromium
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complexes, Several acid treatments wore necessary to
remove the last traces of the chromium complexes. The
asphalit as obtained from the ciwie wax has a dark brown
color when air dried, The fused agphalt was & very durk
black mass., HNHo color change was notleeable In the oxldized
asphalt,

The removal of the asphalt and resinous material
not only eliminated the majority of unsaturated groups, uas
indicated by the iodine values, but also appeared to remove
a majority of the ecoloring materials. The sasphalt was also
the cause of paralfin incompatibility. The lsopropanol
Inasoluble material proved to be incomnatible with paraffin
Wax,

The reflned wax was lighter Iin color than the crude
montan wax., This refined material not only took less of
the oxidizing agent bubt ulso sihowed greater change in color,
By treatment of the crude wax with lsopropanol, the un-
saturuated compounds in the refinsd materlal were reduced to
over one-hnalf as those contuained in the d¢rude wax.

Comparison of the uacid values, saponificabion values
and ester values of the c¢rude, refined, and crystallized
waxes with those of their corresponding bleached products

show that part of the esters were hydrolyzed and the
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resulting alconols were oxidized to acids., There is also
an indication that the alkenes were split {orming two
carboxylie groups.

The comparison of the melting points of the varlous
separated substances with the melting points of the crude
material shows that the presence of resins lower tho

melting polnt of wuxea.

SUMMARY

An eoonomlecally feasible procedure for reflning
crude montan wax has been developed. This procedurse con-
slsts of the use of lsopropanol to dissolve the waxes and
resins, leaving the asphaltie material in the residue, and
the subseguent crystullization of the wax from the solutlon,
leaving the resinsg in the filtrate,

The aspyhaltic constltuents were shown to be income-
natible wlth vdraffin wax and &re not oxidizable by the
method used., ‘“The relined wax was blesached best and with
the least samount of chrosle aecid, Compatibility of the
refined material with paraffin was compleote. A large
percentare of the coloring muterial was eliminated by the
lsopropancl treatment of the crude wax,

No attempt was made fo lsolate and ldentify the

chemlcal constituenta of the waxy products,
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