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water  evolved dur ing  the condensation suggested that  
the product  must  also contain an appreciable quant i ty  
of free carboxyl groups. Electrometr ie  t i t ra t ion of 
one of the polyesters  p repared  f rom 9,10-dihydroxy- 
stearic acid and maleie anhydr ide  in 80% ethanol 
showed this to be trne. I t  t i t ra ted  as a monobasie acid 
(pK ~_ 7.2, N.E. = 386). 
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E 
XTRACTION o f  l:eat with organic solvents produces 
a crude dark-colored wax in about  5 to 15% yield. 
In teres t  in such extracted waxes has arisen for 

two reasons: (1) the faet  that  peat  can be regarded 
as a precursor  of coal suggests tha t  a comparison of 
extracts  obtained f rom peat with those obtained f rom 
coal might  yield interesting informat ion on the mode 
of format ion  of coal, and (2) the close s imilar i ty  be 
tween peat  and lignite suggests tha t  extracts  of peat 
might  have proper t ies  and industr ia l  uses similar  to 
montan wax and its derivatives. I t  was par t icu lar ly  
with this sccond aspect ill view tha t  a detailed exami- 
nation of the extract ion of peat  wax has been carried 
out in the laboratories  of the Depar tmen t  of Indus-  
tr ial  and Forensic  Science, and coupled with this, all 
examinat ion of the chemical na ture  of the wax. This 
paper  presents a review of earlier studies on the ex- 
t ract ion and chemis t ry  of peat  wax and the related 
montan wax. 

P e a t ~ I t s  Formation and Occurrence 
Peat  is a t e rm used to describe the material  pro 

dueed by the incomplete decomposition of vegetable 
mat te r  either under  water,  or in the presence of water,  
under  anaerobic conditions. The texture  and uni form- 
i ty  of peat  depends upon the conditions under  which 
it was formed, and upon the na ture  of the vegetation 
which contr ibuted towards its formation.  Although 
the accumnlat ion of living, dead, and par t ia l ly  decom- 
posed vegetable ma t t e r  usual ly known as "bog" con- 
tains a very  large number  of species of plants, only a 
compara t ive ly  small propor t ion of this number  has 
supplied the bulk of the contents of bogs. Prominent  
among pea t - forming  plants  are: mosses such as Sphag- 
num and Hypnum; marsh plants  such as Nymphaea 
and Calla; heath plants  including several species of 
Erica and Vaccinium; grasses, rushes, sedges, ferns,  
algae;  mar ine  plants  such as Phragmites, Scirpus, 
and Equisetum; the leaves of trees and sometimes 
their  t runks  and roots. 

Pea t  in its na tu ra l  state ranges in color f rom yel- 
lowish brown to jet  black. A f reshly  cut surface of 
raw peat  usual ly  tends to darken  on exposure to the 
air. The most characteris t ic  fea ture  of peat  in its 
na tura l  state is its high moisture content which may  

rise to 97%, a range of 92 to 95% being commonly 
encountered. 

As would be expected f rom the na ture  of the proc- 
esses involved in the format ion  of peat  there is con- 
siderable var ia t ion in its chemical composition. Some 
typical  figures quoted by  Miller (1) for  I r ish peat  are 
shown in Table I. 

TABI,E I 

Ult imate  Ana lys i s  of I r i s h  Pea !  

Ash ...................................................................... 
Carbon  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H y d r o g e n  ............................................................. 
Su lphu r  ................................................................ 
N i t rogen  .............................................................. 
Oxygen  ................................................................. 

I'ercentaffe of 
dry weight 

1.5 - 5.0 
50.0 -- 62.0 

3.0 - 7.0 
0.15 - 0.6 
0.5 -- 1.7 

30.0 - 38.0 

The organic constituents of peat  are essentially the 
substances present  ill the plants  fo rming  the peat  to- 
, 'e ther with their  decomposition products,  and the 
mater ial  obtained when peat  is extracted with organi(' 
solvents has been called var iously peat  bitumen, peat 
wax, or crude peat  wax. 

Crude Peat Wax 
Crude peat  wax is regarded as consisting of three 

main components, namely,  asphalt,  resins, and wax, 
al though there are ve ry  m a n y  different methods of 
f raet ionat ion into these groups. Fo r  example a recent 
definition of the te rms  used in this connection is tha t  
of Boyd-Bar re t t  and co-workers (2).  They regard the 
resins as highly polar  compounds readi ly  absorbed by 
act ivated earths because of polar  groupings  and ex- 
t ractable  f rom the crude wax by  v i r tue  of their  solu- 
bili ty in cold methyl  or ethyl alcohol. The term wax 
is reserved for  the f rac t ion  soluble in l ight petroleum, 
and miscible in all proport ions  with paraffin. The 
asphal t  f ract ion derives its name f rom its insolubility 
in l ight pe t ro leum;  the definition of asphal t  in the 
pe t ro leum industry,  fo r  example, is any  substance 
present  in petroleum, other than  inorganic constitu- 
ents, not soluble in such solvents. 

In  addit ion to Boyd-Bar re t t  several  workers  have 
published schemes for  the separat ion of the crude wax 
into resin, wax, and asphal t  f ract ions which have been 
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based on the work of Graefe (3) with montan  wax in 
which asphal t  is classified as mater ia l  insoluble in hot 
alcohol, wax as that  which is soluble in hot but  insolu- 
ble in cold alcohol, and the resins as tha t  pa r t  soluble 
in cold alcohol. 

In  the format ion  of peat  wax it is thought  tha t  
s imultaneously with the humification process, the resin 
and wax par t s  of the peat - forming plants  are accu- 
mula ted  and concentrated in the peat  wi thout  being 
decomposed to the same extent  as the other p lant  
material .  Consequently the more highly humified 
peats yield more crude wax. Sundgren,  Ekman,  and 
Rauhala  (4) on the other hand repor t  tha t  they have 
found samples of peat  obtained f rom two bogs with 
identical botanical  composition and ash content, but  
with different wax content and wax composition. 

Dur ing  1934-1940 an extensive p rog ram of work 
on the analysis and pract ical  applicat ions of peat  wax 
was under taken  by  a group of research workers in 
I re land  under  the direction of Reilly at Univers i ty  
College, Cork. Following up  the earlier work of Ryan  
and Dillon (5),  Reilly and Kel ly  (6) invest igated the 
possibility of ext rac t ing wax f rom Ir ish  peat  and the 
subsequent refining of the crude material .  In  Eng- 
land dur ing  1940-1945 extensive researches were car- 
ried out at the Fuel  Research Station of the Depar t -  
mea t  of Scientific and Indus t r ia l  Research by Cawley 
and King  (7) in an a t tempt  to find indigenous sub- 
stitutes for montan  wax. In  F in land  workers in the 
State Fuel  and  Oil Research Stat ion under  the direc- 
tion of Snndgren  (8) have carried out many  investi- 
gations on peat  wax. Other  workers who haw*, been 
prominent  in this field in recent years  are Risi et at. 
(fl) in Canada, Macphersou (10) in New Zealand, 
Kwiatkowski (1.1) in Poland, and a number  of Rus- 
sian workers, par t ie l f lar ly  Rak(m'ski and Edelstein 
(12). Only two earlier reviews are available, those 
(ff Reilly and Kel ly  (6) and of Kiebler (13). 

E x t r a c t i o n  Y id ,  cls. The solvent influences lloth the 
yield and ttle type  of extract. The yields and proper-  
*ies of waxes obtained f rom I r i sh  peat  were deter- 
mined by Ryan  and Dillon (5) and by  Reilly and 
Kelly (6). They studied single solvents, azeotropie 
mixtures,  and two- and three-phase systems, and in 
general found tha t  higher yiehls were obtained with 
solvent mixtures  than with single solvents. 

Although extract ion with alcohols or mixtures  of 
alcohols with benzene produces the highest yields, 
recent work by  Ackroyd (14) suggests tha t  the con- 
st i tuents of peat  may  react  with alcohol dnr ing  the 
extraction. Alcohol extracts  contain large amounts  of 
oxygen and may  not be suitable for commercial  pur-  
poses without  extensive processing. Al though petro- 
lemn ether and various petroleum fract ions give lower 
yields of crude wax, these extracts  contain a grea ter  
proport ion of wax and smaller amounts  of resins and 
asphalts.  

Both Ackroyd (14) and Boyd-Bar re t t  and his co- 
workers (2) therefore  favor  the use of petroleum sol- 
vents as yielding a product  with high wax content 
and a high degree of miscibili ty with paraffin, an 
impor tan t  characterist ic when the wax is intended for  
the manufac tu re  of polishes. Typical  results obtained 
by Howard  and H a m e r  (15) with peat  f rom a bog 
si tuated in Co. Londonderry ,  Nor thern  Ireland,  are 
shown in Table I I .  

Very  high yields can be obtained with high boiling 
solvents such as cellosolve and pyridine,  but  the ex- 

T A B L E  I I  

Yie ld  of C r u d e  W a x  f rom P e a t  

Yie ld  
So lven t  ( %  d r y  p e a t )  

B e n z e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E t h y l  alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i c h l o r o e t h a n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Esso solvent  20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Esso  solvent  50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t t e x a n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Methy l  e thyl  ke tone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e n z e n e / e t h y l  alcohol  (9  : 1)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e n z e n e / e t h y l  alcohol  ( 7 : 3 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 .6  
10 ,4  
11 .0  

7.0 
7,8 
6.7 

12.2  
14.1  
14 .6  

t racts  are not waxlike in character  and contain much 
asphalt ic  material .  These high-boiling solvents are 
ext remely difficult to remove f rom the extract.  

Another  factor  influencing the yield of wax is the 
p re t rea tment  of the peat  before extraction. Schneider 
and Schellenberg (16), for  example, have shown tha t  
in the extract ion of air-dried peat  with benzene more 
mater ia l  is dissolved than  f rom peat  which has previ-  
ously been dried at 100~ Strache and Lan t  (17) 
expressed the view that  this t empera tu re  was too low 
to favor  the format ion  of insoluble mater ia l  by  a 
polymerizat ion mechanism, and they suggested tha t  a 
fusible substance in the peat, insoluble in benzene, 
might  melt  and cover- the benzene soluble component  
and thus inhibit  its solution in the solvent. This ex- 
planat ion does slot appea r  to be sat isfactory,  how- 
ever, as the experimental  results of other workers 
have shown that  the solubility of peat  wax does in 
fact  decrease when it is heated or stored (;vest at 
re lat ively low temperatures .  An inw,stigation of this 
phenomenon has been repor ted by Smldgren  and 
Rauhala  (18) who com'luded tha t  heat ing crude peat  
wax fornled a product  whh;h was insoluble in ethanol 
and certain other solvents, also, that  in the crude 
resin f ract ion of the extract,  products  insoluble in 
alcohol were slot fornled at tenll)eratures below 80~ 
Ewm at 100~ the amount  was insignificant com- 
pared with that  formed front the el'lute wax fract ion 
raider the same conditions. This la t ter  finding is in 
dircvt vonlrast  to the eonelusioll of Stadnikow and 
co-workers (19), who e.xpressed the opinion tha t  the 
polymerizal ion proe('ss was especially noticeable in 
the resin fraction, l ,ater work by Sundgren and 
Rauha la  (20) has shown that  even at 60~ the wax 
tends to bcconle less soluble. Addi t ional  confirmation 
that  tlle effect is due to polymerizat ion processes has 
been obtained by Ackroyd (14), who found a steady 
increase in the molecular  weight of peat  wax with 
t ime of heating ranging  f rom 860 at the commence- 
mea t  to 1,130 af ter  72 hours at 100~ 

I t  may  also be noted here tha t  the yield of wax ob- 
tained with a given solvent often varies considerably 
with the source of peat, mounta in  bogs tending to 
give higher yields than  midland or lowland bogs, 
but  B o y d - B a r r e t t  et al. (2) showed tha t  there is 
little difference in the composition of the extracts  
obtained. 

Peat Wax Components 

Among the early a t tempts  to determine the consti- 
tut ion of peat  wax by solvent f ract ionat ion procedures 
was tha t  of Thiessen and Johnson (21). These work- 
ers first separated peat  into water  soluble, alcohol 
soluble, alkali soluble, humic acids, lignin, cellulose, 
insoluble constituents, and mineral  matter .  A la ter  
paper  by Johnson and Thiessen (22) dealt  with the 
composition of the alcohol soluble f ract ion and also 
of an ether soluble fraction. A wax resembling mort- 
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tan wax was separated from the ether soluble fraction 
and purified. A green substance which was invariably 
found in the ether soluble fraction was identified as 
chlorophyll but the other fractions were not charac- 
terized further.  

A paper published by Stadnikow and Titow (23) 
was one of the first to describe the separation of the 
crude wax into wax and resin fractions. Successive 
treatment with petroleum ether and with benzene 
separated the crulte wax into two fractious, about 
45% being regarded as wax and the remaining 55% 
as resin. Smldgren, Ekman, and Rauhala (4) also con- 
sider that the crnde wax can conveniently t)e divided 
into two main fractions which they refer to as crude 
waxes and crude resins. They state that the former 
group consists of free higher fa t ty  acids, esters, higher 
ah.ohols, part ly esterified oxy-acids, aml dicarboxylic 
acids, oxy-acids, estolidcs, lactones, normal paraffins, 
isol)araftins, anti possibly sterols. The crude *'('sills con- 
taincd fractions whi(,h were termed free rosin acids, 
resin esters, resill alcohols, and resenes. 

Some results of l loward and Hamer (15) are sum- 
marized ill Table 111, which shows the I)erecntages of 
resin, wax, and asphalt in crude waxes extracted with 
the series of solvents used for the extractions reported 
in Table 1 I. 

T A B L E  l I I  

R e s i n ,  W a x ,  a n d  A s p h a l t  ConteI),t of  C r u d e  P e a t  W a x  
( P e r c e n t a g e  hy w e i g h t  of  c r u d e  w a x )  

S o l v c n t  I R e s i n  I W a x  ] A s p h a l t  

B e n z e n e  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 21 ] 64 I 15 
E t h y l  a l coho l  ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 56 12 
l ) i c h l o r o c t h a n c  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 20 [ 70 ] 10 
Esso  s o l v e n t  20  ....................................... 10 88 2 
Esso  s o l v e n t  5(/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 2  I ~ 7  ~ 
] lex~tne ........... 9 q 0 1 

Benzent~ ' / e thy l  a l coho l  (9  : 1 ) . . . . . . . . . . . . . . . . .  I 3,(t ] 4S ] 13 
z ( B e n ' , e n c / c t h y l  ah 'oho l  (7  : 3 ) . . . . . . . . . . . . . . . . .  I 3 ' 3  L 43 [ 18 

Ind i v idua l  Const i tuents .  Prel iminary fractionation 
with methyl alcohol containing 0.5% acetone enabled 
Rakowski and Edelstein (12) to separate crude wax, 
extracted from peat with an alcohol-benzene mixture, 
into a resin fraction which formed 33% of the crude 
wax. By extraction with ether and dilute alkali 54% 
of crude resin acids were separated from the resin frac- 
tion. Fu r the r  treatment of the resin-free crude wax 
with ethyl alcohol and aromatic free petroleum ether 
resulted in the separation of a pale waxy material 
with a melting point of 73 to 77~ which amounted 
to 13% of the original crude wax. F rom this frac- 
tion 57% of mixed fa t ty  acids were obtained by sa- 
ponification and the following acids were separated: 
Cf~H~,20.,, C2v1=15_~O.,, and  CfsHso(),,. The r e s idua l  
43% contained hydrocarbons, alcohols, and other un- 
saponifiable matter. 

Short ly after  the above report  Titow (24) separated 
the saponifiable fraction into pale yellow wax acids, 
37.8% of the original crude wax, and a black earbona- 
ceous mass of resin acids, 15.8% of the crude wax. 
Fur the r  separation of the unsaponifiable fraction 
yielded the hydrocarbons pentatr iacontane and tri- 
t r iacontane together with what  appeared to be an 
alcohol with the formula C27H560. From the nn- 
saponifiable fraction of the original extract four 
acids were obtained by fractional distillation of the 
mixed ethyl esters. These were identified as C12H2202, 
C14H2602, C25H5o02 and C27H~402. The presence of 
higher members of the same homologous series of acids 

was also indicated, but no fur ther  members were iso- 
lated, in  addition evidence was obtained of the pres- 
ence of an hydroxy  acid with the formula C3oH6oO3. 
Cyclic acids and esters with cyclic alcohols appeared 
to be present in the resinous portion of the crude wax. 

Using a somewhat similar procedure Zalosiecki and 
Hausmann (25) were able to isolate acids with the for- 
mnlae CloH2~()5, C~III~5()T, and an alcohol C:tl)ti4oO4, 
The i'solatiou of an acid C~9Ha402 from Finnish peat 
has been reported by Aschan (26) while the three 
acids C27H~402, (JfsII5(;()2, and C29Has02 were reported 
by Roginskaya (27). Both these workers used tech- 
niques somewhat sin/ilar to those employed by Titow 
(24). 

The identificati(m of the above acids and other 
constituents has been based largely on melting point 
and molecular weight. The results are open to doubt 
because the experimental error is comparable to the 
difference between successive members of an homolo- 
gous series. 

Following recovery and analysis of the products of 
saponification of the resins, wax, and asphalt, Ackroyd 
(14) concluded that lactones or estolides are a nlajor 
constituent of the wax fraction since on recov(,ry of 
the saponification material a substantial ester value is 
found. A great deal of valuable information is con- 
tained in Ackroyd ' s  paper, although he nladc no at- 
tempt to isolate or characterize any constitlwnts. 

As in the case of other waxes the saponification 
products of peat wax have been subjected to fractional 
distillation, usually in the form of nlcthyl csters. 
Reilly and Wilson (28) investigate(t the two fractions 
of highest boiling point obtained by this method and 
found them to (,onsist mainly of the acids C.,olI~-,()2 
and Ce,71:t~402. 

There are very few references in the literature to 
the use of chromatographic techniques for the separa- 
tion of the constituents of peat wax and these all indi- 
cate that other methods such as saponification have 
been used to reduce the complexity of wax before 
at tempting chromatography. For  example in work 
described by Nillsson, Hansson, and Erdheim (29), 
crude wax was first saponified and the acids separated, 
giving 47% of acids and 53% of unsaponifiables. The 
unsaponifiables were fur ther  separated arid found to 
contain 79% of alcohols and 21% hydrocarbons, ke- 
tches, etc. Chromatography of both acids and unsa- 
ponifiables was carried out on columns of alumina 
developed with benzene-ethyl alcohol, benzene-acetic 
acid, or benzene-pyridine. In  the case of the unsaponi- 
fiables a characteristic yellow band was observed which 
was considered to be a single substance. Aluminum 
oxide was found to be too active an absorbent for the 
mixed acids even when treated with water to reduce 
activity, and recoveries from this fraction were poor. 
The method was however reported as promising and 
capable of fur ther  development. Sundgren et al. (4) 
separated the methyl esters of hydroxy  acids of peat 
wax chromatographically but the isolation of definite 
substances was not reported. 

The most extensive investigation of this type so far  
reported is that  of Boy&Barre t t  (30). In  this series 
of experiments the crude peat wax was extracted from 
peat either with benzene/alcohol (9:1 by volume) or 
petroleum ether. The behavior of the unsaponifiable 
components of this crude wax on alumina columns 
was studied. When eluted with benzene, bright yellow 
bands were observed and these were collected. About  
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12% of the unsaponifiable mat te r  was thus isolated 
as a yellow waxy solid. This fraction, when reerys- 
tallized f rom petroleum ether, yielded a small amount  
of pale yellow crystals melt ing at 251~ and having 
a blue fluorescence in ul traviolet  light. Analysis  gave 
C, 91.94%, H, 7.95% corresponding to an empirical  
fo rmula  C.)3H24. F u r t h e r  elution of the column with 
solvents in order of increasing polari ty,  toluene, pe- 
t roleum ether, and absolute alcohol yielded small 
amounts  of material .  Only alcohol eluted enough 
mater ia l  for fu r the r  purification and an apparen t ly  
pure  conlpound, melt ing point 95 to 96~ was sep- 
ara ted (C, 75.88%, H, 12.92%, and O, 11.20%). 
Other adsorbents used were silica gel and active car- 
bon but  in no case were promising results obtained. 
The crude waxes were also percolated without pr ior  
t reatment ,  but  apa r t  f rom the isolation of a very  
small amount  of the hydrocarbon mentioned above 
little progress was made. This was a t t r ibuted  to the 
low solubility of the crude waxes in cold solvents. 

A s tudy  of steroids and t r iperpenoids  isolated f rom 
a sample of peat  has recently been reported by 
McLean, Rettie, and Spr ing  (31). These workers ex- 
t racted peat  with l ight petroleum and saponified the 
extracted material .  The resul tant  mixture  was sep- 
ara ted by chromatography  on alumina.  The early 
f raet ions were hydrocarbons.  Crystallization of inter- 
mediate fractions gave an alel)hol Ca6Itn._,O identified 
as friedelan-3fl-ol (epifr iedelanol) .  Crystal l ization of 
later  fraet ions gave an undisch)sed number  of t r i ter-  
penoids and final elution of the column with ether 
containing a small amount  of methanol gave a sterol 
mixture  with constants in (dose agreenlent with those 
repor ted  by Ives and O'Neil l  (32) for  the fl-sitostanol 
which they isolated f rom peat moss. 

Montan Wax 

Montan wax is the natural  wax most closely related 
to peat  wax and therefore a substance whieh might  
l)rovide a working gnide to the analysis aud possible 
(;omposition of peat wax. A very great  deal of pub- 
lished work is availat)le due to the industrial imp(lr- 
tahoe of this wax lnlt mention will 1)c malh~ of only a 
few important  relevant  studies. 

The similari ty between the physieal propert ies  of 
l)eat wax and montan wax is shl)wn ill Table IV. 

TABLE IV 

Comparison of Properties of Crude Peat  Wax and 
Crude /VIontan "Wax 

Melhng" point" ~ C ....................................................... I ] '~atwax5 ] Montanwax78 

�9 �9 r .  �9 Acid wdu~ ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  )6 I 29 
Saponification value .................................................. I 116 [ 92 
Ester value ................................................................ ~ 60 , 63 

As with peat  wax three main coInI)onellt fract ions 
are readi ly  distinguished by solvent fraet ionation,  
asphalt ,  resins, and wax, al though the classification 
here is usually based on solubility characterist ics in 
alcohol. Other methods inehlde the nse of acetone 
at --20 ~ to extract  the resin followed by extraction 

of wax with boiling isopropanol (33) ; l iquid su lphur  
dioxide (34) and acetone-sulphur dioxide 1:1 (35). 

The main  components of the resins are dark  " r e s i n  
ae ids"  and " h y d r o x y  resin ae ids"  and probably  in- 
elude estolides, laetones, etc., derived f rom hydroxy  
aeids, also terpenes and sterols. Lit t le is known about 
the s t rue ture  of the asphal t  f ract ion but  it includes 
sulphur-containing hydroxy  and resin aeids. 

Af te r  removal  of resin and asphal t  f rom crude men- 
tan wax the refined wax is pale brown in color (peat  
wax is very  dark  brown).  Many  components have 
been identified ineluding laetones and estolides, poly- 
terpenes, t r iaeontane and dotriaeontane,  and higher 
f a t ty  aeids, pr inc ipal ly  montanie  acid. Montanie acid 
has been the subjeet  of several detailed investigations, 
ineluding chromatographic  analysis and its s t ructure  
now seems established as n-oetacosanoie acid (36). 

The presence of t r i terpenes in benzene extracts  of 
montan wax has been demonstrated by  Ja ro l im et al. 
(37), who used chromatography  on neut ra l  a lumina 
followed by fractioIlal crystall ization to separate  fif- 
teen individual  crystall ine compounds including hy- 
drocarbons, alcohols, ketones, and laetones. 
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