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H y d r o g e n a t i o n  of Tall  Oil F a t t y  Acids  w i t h  P d  0M;alysts 

F x p e r i m e n t  

1 .............................. 
2 .............................. 
3 .............................. 
4 .............................. 
5 .............................. 
6 .............................. 
7 .............................. 
8 .............................. 
9 .............................. 

1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11 .............................. 
12 .............................. 
13 .............................. 
14 .............................. 
15 .............................. 
16 .............................. 
17 .............................. 
18 .............................. 
1.9 .............................. 
20 .............................. 
21 .............................. 

Ca ta lys t  
% P d  in 

oil 

C 0.005 
A 0.0125 
B 0.009 
A 0.010 
D 0.012 
A 0,004 
A 0.005 
A 0 .004 
A 0 .004  
]2) 0 .015 
D 0.012 
A 0 .004 
D 0.015 
A 0,005 
A 0 .006 
A 0.006 
l) 0 .018 
A 0.006 
D 0.015 
A 0.006 
D 0.018 

Tenlp.  
~ 

- -  ~ 4 . 4 5 - -  
25.27 
25,30 
25.27 
28.00 
28.30 
28.30 
28.30 
30.40 
30.40 
28.30 
28.30 
28.30 
28.30 
28.30 
28.30 
28.30 
28.30 
28.30 
28.30 
28.30 

"Press 
p s i g . '  

20 .30 
Atm.  

10.15 
10.20 
1900 
1900 

500 
1900 
2000 
1900 
1850 
1900 
1900 
1950 
2000  
1750 
1850 
1750 
1900 
2000 
1900 

Time,  
rain.  

390 
360 
4O0 
280 
440 
330 
300 
270 
180 
460 
990 
450 
445 

1700 
1100 
2200 

440 
2400 
1300 
2400 
1600 

I . N .  

_ _ h _ _  

93.0 
81.3 
79.7 
76.5 
98.5 
98.4 
87.7 
87,5  
86.9 
86,5 
84,0 
77.4 
74.4 
70.6 
68.5 
64.7 
63.6 
58.8 
59.4 
46.8  
40.0  

H y d r o g e n a t e d  p r oduc t  

80.1 I 
76.2 / 
73.0 
85.0 
84.5 
79,0 
77.0 
75.6 
77.6 
76.0 
69.8 
68.4 
65.5 
63.9 
60.9 
60.7 
55.1 
56.7 
43.4 
37.5 

Linole ic  
ac id  % 

ii.0 
0.8 
3.5 
3.4 

15.4 
15.9 

9.8 
11.9 
12.9 
i0.0 

8.9 
8.5 
6.6 
5.5 
4.9 
4.0 
2.9 
4.0 
2.8 
3.7 
2.7 

S a t u r a t e d  
ac id  % 

- - - - 8 . 0  
10.4 
15.1 
18.8 

12.3 
14.8 
16.4 
14.0 
15.8 
22.6  
23.0 
27.2 
28.9 
32.2 
32.4 
38.7 
36.8 
51.8 
58.3 

Oleie 
a c i d %  

81.0 
88.8 
81.4 
77.8 
78.4 
77.3 
77.9 
73,3 
70.7 
76.0 
75.3 
68.9 
70.4 
67.3 
66.2 
63.8 
64.7 
57.3 
60.4 
44.5 
39.0 

T r a n s  
% 

34.0 
42.0 
44.0 
48.0 
13,6 
17.0 
28.0 
22.0  
24 .6  
23.0 
22.5 
25.0 
24.0 
23.9 
22.7 
21.5 
19.5 
19.8 
18.5 
13.6 
11.8 

Ci8 - 
oleie % 
47.0  
46.8 
39.4  
27.8 
64.8 
60.3 
49.9  
51.3 
46.1 
53.0 
52.8 
43.9 
46 .6  
43.4  
43.5 
42.3 
45.2 
37.5 
41.9 
30.9 
27.2 

Ca ta lys t s :  A, 5 %  P d / C ;  B, 2 %  P d / C ;  C, 1 %  P d / C ;  D, i %  P d / C  + Ag  + Bi.  Ex.  1, no so lvent ;  Ex.  3 and  4, 1 : 1 0  o i I : C H a O H ;  Ex.  2, 5 - 2 1  
1 : 6  oil/Cl3:~OH; Ex. 1 -4 ,  autoclave,  800 r .p .m. ;  Ex.  5 -8 ,  1 1 - 2 1  P a r r  ro! .kin~ bomb;  Ex.  ,(t-10, M a g n e  Dash .  240 c y c l e s / m i n u t e .  

pressures. The results of these experiments are shown 
m Table I l I .  The first four experiments,  made at 
atmospheric pressure or s l ightly elevated pressure, 
showed good selectivity, but the amount  of t r a n s  iso- 
mers was high, 34 to 48%. Of these the product of 
Experiment  2 was the best. Fourteen experimeuts 
were made under high pressure in a Parr rocking 
bomb and two in a Magne Dash autoclave. As ex- 
pected tile amount  of t r a n s  isomers decreased at high 
pressures, but selectivity also decreased. 

In  Figure  1 the changes of saturated, linoleie acid, 

%0 

e \ 

o t~- - v Y o  ~ o -  ~-~-6 ..... sb d o - - - - ~  fro -~ 4 0 ~ - -  
Iodine Number 

FIG. 1. ] I i g l > p r e s s u r e  h y d r o g e n a t i o n  o f  t : d l  o i l  f a t t y  a c i d s  
w i t h  :Pd  e a t : d y s t s .  P r o d u c t  d i s t r i b u t i o n s  s h o w n  a r e  b a s e d  on  
d a t a  o f  T n b l e  I f [  f o r  1 ,750  t o  2 , 0 0 0  p s i g .  ( e x c e p t  M a g n e  D a s h  
E x p e r i m e n t s  9 a n d  1 0 ) .  

oleie acids, and t r a n s  isomers during processing at 
high pressure are shown with two of the pal ladium 
catalysts tabulated in Table III .  The ratio of  these 
materials  constant ly  changes as hydrogenat ion pro- 
eeeds, and from the chart the composit ion of the prod- 
uet at any  iodine number may  be determined, i t  can 
be seen that the use of a partial ly  deactivated catalyst,  
D, gives a higher cis-oleie acid content and lower lin- 
oleie acid and trans-isomer content than the more 
active catalyst. 
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Polymers Derived from 9,10-Dihydroxystearic Acid 
F. V. MORRISS, G. F. B E C t l T L E ,  and H.  M. G A D B E R R Y ,  
Midwest Research Institute, Kansas City, Missouri 

A n u m b e r  o f  f i h n  f o r m i n g  p o l y e s t e r  r e s i n s  h a v e  b e e n  p r o d u c e d  

f r o m  9 , 1 0 - d i h y d r o x y s t e a r i e  a c i d .  T h e  r e s i n s  c u r e d  r e a d i l y  a t  

r o o m  t e m p e r a t u r e  w h e n  e r o s s l i n k e d  w i t h  2 0 %  t o l u e n e  d i i s o e y -  

a n a t e  to  f o r i n  f l e x i b l e  f i l m s .  T h e  p r o p e r t i e s  o f  t h e  f i l m s  i n d L  

e a t e d  t h a t  u s e f u l ,  i n t e r n a l l y  p l a s t i c i z e d  p o l y e s t e r  r e s i n s  c a n  

b e  r e a d i l y  o b t a i n e d  f r o m  c o n d e n s a t i o n s  o f  9 , 1 0 - d i h y d r o x y s t e a r i e  

a c i d  a n d  p o l y b a s i e  a c i d s .  M a l e i e  a n h y d r i d e  d e r i v e d  f i l m s  g a v e  

t h e  m o s t  d e s i r a b l e  p r o p e r t i e s .  

A 
'I~EL1MINAI~Y investigation of film-forming poly- 

mers from 9,10-dihydroxystearie acid was un- 
dertaken as a par t  of a general program for 

developing new uses for fats and oils. Products  from 
the condeusation of dibasic acids with the low melting 
form of 9,10-dihydroxystearie acid were mixed with 
di isocyanates  and east into films. This paper describes 
the properties of these and related films. 
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T A B L E  I 

P o l y m e r s  of 9 , 1 0 - D i h y d r o x y s t e a r i e  Ac id -Dibas i c  A c i d  R e s i n s  

Vot,. 37 

Res in  No . . . . . . . . . . . . . . . . . . . . . . . . .  

i ~ e s ~ l s - - -  
D i h y d r o x y s t e a r i c  acid ( m o l l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L i t h a r g e  ( g . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
% P r c p e l y m e r i s e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Male ie  a n h y d r i d e  ( m o l l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h t h a l i c  a n h y d r i d e  ( m o l l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
l ) i m e t h  yl i s o p h t h a l a t e  ( m o l l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C h l o r e n d i c  a n h y d r i d e  ( m o l l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[ ) ro ( .ess  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ICeac t ion  t ime  ( h r . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C u r e  t i m e  ( see .  at 2 0 0 ~ C . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B1 I 

0 .2  
0.1 

5O 
0 .1  

C 
5 
1 

33  

0 .2  
0 .1  

50  
0 . l  

1) 
5 
5 

32  

0 .2  
0 . l  
0 
0 . 1  

A 

~; . . . .  

3 4  

0 .2  
0 .1  
0 
0.1 

7 
5 

8 5  

0 .2  
0,1 
O 

0 .1  

P,, 

> 1 2 0  

3 9  

0 .2  
O.1 

3 5  

0 . 0 6 7  

C 
11 

5 

4O 

0 .2  
0 .1  

3 5  

0 . 0 4 9  

I) 
16 

1 

P r o c e s s e s :  A ~ C o p o l y m ( , r i z a t i e n ,  no  s o l v e n t .  B ~ Copoiymer izat ion  u s i n g  equal  q u a n t i t y  of xy l ene  as so lvent .  C ~ P r e p o l y m e r i z a t i o n  of d ihy-  
d r o x y s t e a r i c  a c i d  hef t ) re  c o n d e n s a t i o n  with  d iearboxy l i c  acid,  no s o l ven t .  D --~ S a m e  as C, u s i n g  equal  q u a n t i t y  of x y l e n e  as solvent .  

Bruson (l)  reported that resins produced from 
polyhydroxy long-chain fat ty  acids differed greatly 
in physical character from those produced from glyc- 
erol, ethylene glycol, etc. The product from the high 
melt ing 9,10-dihydroxystearic acid and phthalic anhy- 
dride, for example, was a tough rubberlike mass that 
s h o w e d  p r o n l i s (  ~, a s  a suilable base for compounded 
coating composil ions.  Mori (2) described the prep- 
aration of resins suitable for use in paint from 9,10- 
dibydroxystearie acid and mah, ic acid or its anhy- 
dride. The preparatiml of polymeric plasticizers from 
esters of the low melting form of 9,10-dihydroxyste- 
arie acid and phlhalie anhydride has been described 
by Knight (3). We fomld that resinous materials 
resulted from ~h(, interestcrifieation of 9,10-dihydroxy- 
stearie acid. At t/t(, gel point the condensation was 
about 75~fi COml)h'~e as ineasur(,d by water eliminated. 
The possibility of erosslilfidng the unreaeted hydroxyl  
groups with diiso~.yanate appeared to offer an oppor- 
tuni ty  for the s(qective design of internal ly  plasti- 
cized products. 

Experimental  Procedures  and Data 
Polymerizatio,~ of 9,10-Dihydrozystearic Acid. 

Sixty-three grams of 9,10-dihydroxystearic acid, m.p. 
92 ~ (0.2 mol l ,  were ntelted in a three-necked flask 
fitted with a stirrer, thermometer,  Dean-Stark conden- 
sation trap, and carbon dioxide addition tube, and 
0.1 g. of l itharge was added. The mixture  was  heated 
and stirred. Water was expelled and the temperature 
s)owly increased to  420~ At this point, when 2.6 
ml. of water had been collected (72%),  the mixture 
gelled very rapidly. The gelled mass did not dissolve 
in xylene. 

The experiment was repeated at 420~ and after 
2.7 ml. of water had been collected, 100 ml. of eyclo- 
hexanone were added to dissolve the resin. The cure 
time (4) at 200~ for this product  was 15 see. 

In  a third experiment,  at 400~ after 2.2 ml. of 
water had been collected, the resin was cooled. It  
dissolved in acetone. The cure t ime at 200~ was 
165 see. 

Polymerization of 9,10-Dihydroxystearic Acid with 
Maleic Anhydride (No Litharge). A mixture  of 63 
g. of  9,10-dihydroxystearic acid (0.2 mol l ,  9.8 g. of 
maleic anhydride (0.1 mol l  and 70 g. of xylenc in a 
three-necked flask, fitted with a stirrer and a Dean- 
Stark condensate trap, was stirred and heated to main- 
tain reflux. After  4 hr., 2.5 ml. of water had been col- 
lected. The reaction mixture was cooled overnight.  
On the fol lowing day the mixture  was reheated aml 
stirred, some xylene condensate was removed and the 
temperature of the mass was raised to 330~ When 
a total of 3.4 ml. of water (0.79 moll  had been col- 
lected, gelation occurred. The gelled mass swelled, 
but did not dissolve in 100 re. of xylene. 

Copolymerization of 9, lO-Dihydroxystcaric Acid and 
MaIeic Anhydrid< Process A: A mixture of 63 g. of 
9 , ]0-dihydroxystearic  acid (0.2 mol l ,  9.8 g. of maleic 
anhydride (0.1 moll  and 0.1 g. of l i tharge was heated 
and stirred under carbon dioxide to expel water. The 
temperature s lowly ilw, reased to 325~ aud 2 ml. of 
water was obtained. At  this point the mixture was 
cooled to room temperature.  The resinous product 
showed a cure time at 200~ of 9 see. Process B: In 
a similar experiment 50 g. of xylene were added to 
the above ingredients.  The reaction was  continued 
unti l  a total of 2 ml. of water had been collected and 
the temperature of the mixture was 325~ The cure 
time (200~ of the cooled product was  5 see. 

Reaction of Polymerized 9,10-Dihydroxystearic 
Acid with Maleic Anhydride. Process C: A mixture of 
63 g. of  9,10-dihydroxystearic acid (0.2 mol l  and 0.1 
g. of l itharge was heated under carbon dioxide in the 
reaction apparatus as before. When  the temperature 
reached 320~ and 1.7 ml. of  water had been col- 
lected, 9.8 g. of ma]eic anhydride (0.1 mol l  were 
added. The mass became very viscous after 5 hr. 
reaction time. 

On the fol lowing day, the cooled mass had gelled. 
It could not be remelted. It  did not  disperse or dis- 
solve in 75 re. of cyclohexanone.  The cure time at 
200~ was 1 sec. Process D: A similar experiment 
was conducted in the same manner  wi th  the same 

T A B L E  I I  

Proper t i e s  of P o l y e s t e r / I s o c y a n a t e  F ihns  

R e s i n  N o  . . . . . . . . . . . . . . . . . . . . . . . . .  31 33  3 4  3 5  3 ) 4 0  

Solvent  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C y c l e h e x a n o n e  X y i e n e  X y l e n e  X y l e n e  Cy-clobexanone X y l e n e  
% S o l i d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0 . 5  7 9 . 7 "  7 7 . 7  6 9 . 2  6 5 . 5  5 7 , 3  
T o l u e n e - 2 , 4 - d i i s o c y a n a t e  u s e d  ( % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0  2 0  2 0  2 0  2 0  2 0  
C'olor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  L i g h t  amber  L i g h t  amber  L i g h t  amber  "Very l ight  N o n e  N o n e  
Clar i ty  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Clear Clear Clear Clear Clear SL t r a n s l u c e n t  
E l a s t i c i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  V e r y  s l ight  S l ight  S l ight  S l ight  V e r y - s l i g h t  S l ight  
T o u g h n e s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N o n e  Fair  F a i r  Lit t le  Litt le  Lit t le  
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T A B L E  I I 1  

C u r i n g  o f  P o l y e s t e r s  w i t h  T o h l e n e - 2 , 4 - D i i s o c y a n a t e  

I~es in  t y p e  
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ingredients as above anlt 50 g. of xylene. Af ter  1.5 
ml. of water had been removed during the plllymeri- 
zation of the 9,10-dihydroxystearie acid, the anhy- 
(lride was added. The reaction was e(tntinued uutil 
a total of 2 ml. of water ((/.11 moll had been (',t)lh~(~te(l. 
The resin was cooled. The cure time at 200~ was 
5 see. 

l'rcparation of l'olycstcr/Isocya,atc Films. Slllu- 
lions of the resins were prepared aud analyzed for 
solids content (N.V.M.). The re(luisite amoullt of 
tohwne-2,4-<liisocyanate was dissoh, e(t ill 5-g. qual,ti- 
lies of the solutiou. Films of the mixture were flowed 
(>u t iu plates immediately and alh>we<l to c, ure at rooln 
tenlperature for 2 clays. The fihns were stril)ped from 
the ])anels t)y a simple amalgamati(ln techni(lue aud 
exalni.led. The amalgamation techni<tue iuvolved lhe 
imnwrsion of one end of the panel ill a small amolmt 
of mer(,ury (to about 1/~-in. depth),  until the till lllate 
was amalgamated and the film cold<t be easily re- 
UlOVe(I frollJ the panel. The <taia are preseute</ in 
Table I I. 

The polyester resins for tests that are sunmmrized 
in Tat)le I11 were prepared by l)r(lcess A. The, poly- 
merizations were conducted until a l)rotle sanlple dem- 
onstrated a desired cure time. The resins were cooled 
and elnployed for the preparation of lhe test sohi- 
tions. Twenty-five grams of the resin were dissolved 
in a mixture of 25 g. of xyhme aud 2 ~z. of butyleelh)- 
solve. A(htitional xylene wa~ addell as re(tuired to 
completely dissolve the re'sin ill SOlne eases. 

The S(llutions were analyze<l for solids content. 
Weighed quantities of toluene-2,4-diisoeyanate were 
mixed with weighed santples of the solutions and they 
were used to cast 3 mil fihns on glass plates. The films 
were (tared at room temperature ill air. 

Preparation of l ' igme,tcd l'olgester/Isocyanate 
Films. A typical maleic resin was pigmented with 
titaniulU (lioxide and mixe<l with 20% by weight of 
toluene-2,4-diisoeyanate. Test panels prepared by 
casting 3 rail fihns showed excellent gloss. These fihns 
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Discussion 

In lhe llresl,nce ()f litharge, water was readily re- 
lnovelt by heating !t,10-dihytlroxysh,ari(' acid and the 
prl)duct gelled ou continued heating. The Itllanlity Ill' 
water obtaine(I indicated that s<)ml,whal h,ss thau one 
lnolar e(luivah, nt was exl)elled. Esseulially the same 
(tuantily of water was evolved wheu Ilmh, ie anhydride 
and dihydr(lxyst(,aric acid were eoluh,use(l simultane- 
ously. Wheu luah, i(' anhydride was alhle(1 to prel>oly- 
merized !t,10-(lihydroxystearie aei<l vl 'ry little water 
was subsequently (,lindnated. 

When the :reactions were stopped just before the gel 
stag('., solllble hy(lroxylaled resinous products were 
ilbtained. 

l 'rocessiug tillWS for the maleie resins were shorter 
than fllr file llhthalic, chlorendic, an/I (limethylisoph- 
thalie resins (Table 1). 

The I)(/lyeslers obtained by the vari(lus preparative 
metho(Is (h,scribe(l sh:)we(t n(/ siguificant tlifferenees 
either ill their i)hysical prollerties or the properties of 
the fihns in'el)are(t froln the resin-(liisoeyamt~e mix- 
lures (Table i [ ) .  

The fihns eared with 20% by weight of diisoeyanate, 
showed the best properties and were cured dry  iu 24 
hr. l~ess erosslinldng agent was geuerally unsatisfae- 
t<lry, 10% giving very long cure times and 5% givillg 
fihns which did not cure tack free. l~arger anl<>unts 
of diisoeyanate led to brittle fihns (Table II[ ) .  

I t  is interesting that the optimuln quant i ty  of the 
isoeyanate for satisfactory fihn curing was essen- 
tially the same for each of the resins investigated. 
Moreover the quantity of isoeyanate (20%) sug= 
gested that the resin contained an unusually large 
quantity of free hydroxyl groups. The stoiehiometry 
of the reactions iuvolved and the small quantity of 

withstood the 1/s-in. nlan(lrel test and at least 30-in.-lb. 
impact. The Swar(t har(hless was 20. After 21fiZ years 
the films show the same i>rollerties. 

S . T .  . . . . .  t::t . . . . . . . . . . . . . .  ~ •  - 
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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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The Extraction and Constitution of Peat Wax. A Review 
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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 


