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In  order to exploit new uses we have a t tempted  to 
improve their  solubility in water  by int roducing oxy- 
ethylene radicals into the molecule. 

The addit ion reaction of ethylene oxide with the 
sucrose diesters was carried out in an autoclave in 
the presence of alkaline catalysts. Wi th  the reaction 
t empera tu re  inaintained between 100-130 ~ the pres- 
sure decreased as the reaction proceeded, a:nd one to 
two hours  were required to consume the ethylene oxide 
used. 

The addit ion products  are yellow or orange oily 
materials  soluble in water.  Aqueous solutions showed 
good surface-active properties.  
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Hydrogenation of Fatty Oils with Palladium 
V. Products of the Tall Oil Industry 
MYKOLA ZAICEW, Engelhard Industries 'Inc., Newark, New Jersey 

Catalysts. 

C o n ( l i t i o u s  we re  f o u m l  f o r  r e d u c i n g  t a l l  oil d i s t i l l a t e  to  a n  
i od ine  mmfl)e) '  o f  22 w i t h  a s u f l i c i e n t l y  s m a l l  : m l o u n t  o f  p a l l a -  
d i u m  c a t a l y s t  to  m a k e  t h e  pro(,(,ss ( :om)nerc i a l ly  f e a s i b l e .  T h e  
O l ) c r a t i n g  eon( l i t h )ns  w e r e  2()0~ a n d  2 ,600  psi .  

T a l l  oi l  f a t t y  a c i d s  we re  r e d u c e d  wi th  p a l l a d i u m  a n d  th(! 
c o n c e n t r n t i o n  o f  l ino le ic  a c i d ,  cis-oleie  a c i d ,  s a t u r a t e ( [  a c i d ,  a n d  
t r a n s  i s o m e r s  we re  ( l c t c rmim~d  as  a f u n c t i o n  o f  io(lilm reta i l )or .  
T h c  f i v c - p l a t i n u n t  g r o u p  m e t a l s  ( P t ,  P d ,  Jr ,  Rh,  R u t  w e r e  
compar ( , ( l  a s  to  a ( ; t iv i ty ,  s e l ec2 iv i t y  o f  p a r t i a l  h y d r o g e n : t t i o n ,  
a n d  t e n d ( , n c y  to  f o r m  l r a n s - i s o m e r s .  

H 
YI)F~OGENATION O f  tall oil products  results in ma- 
terials with new I)rollerties and  of iuercascd 
vahlc and utility. The hydrogenat ion (if good 

llrercfincd whole tall oil to !)5 to 100 I.V. with nickel 
(/r ni('.kcl-col)per catalysts (1) is fa i r ly  easy even at 
h/w pr(,ssurc, al though a relatively large amount  of 
(mlalyst is needed (2). I iydr( lgenat ion to a h)w iodine 
niulillcr is (.onsiderably niorc (lifiieult. Even refined 
tall oil tlro(hlcts still contain catalyst  plliso))s, mostly 
sulfur  compounds of unsal)onifiablcs, l)istilh,d llrod- 
uets contain less poisons, but distillation isomcrizcs 
the rosin acids to a more difiieult fo rm to hylh'ogenate 
(3). Various methods for  the removal of poisons have 
been published and patented (4-7) .  Treatm(mt with 
speltt catalyst  before hydrogenat ion is f requent ly  sug- 
gested (8). In the ease of rosin acids this pro('edure 
rentoves poisons, but  complicates hydrogcnatio)l by 
promot ing  isonterization to comI)ounds more (liNcult 
to reduce. 

Commercial  hydrogenat ions  of tall oil are clone ex- 
clusively with nickel. P la t inum metals have reeeived 
so fa r  no at tent ion commercial ly aud only scant men- 
lion in the l i terature.  One excellent s tudy  of hydro- 
genation of tall oil rosin acid with catalysts of the 
pla t inum metal group has been made (:It. One patent  
has been issued on hydrogenat ion <>f rosin with rho- 
dium, ruthenimn,  and pal ladium catalysts (9), two 
other patents  mention p la t inum and palladiunl cata- 
lysts (10) and p la t inum oxide (11). 

Two Sllecific aspects of the tall oil hydrogc)mtion 
llrol)]('ln ~ll'(! (!xalnine(l i)! (his pal)(,r. ()ira is lhc hy- 
(Irogcna(i(ln of a (all oil (listilla(c to a low io(li,w 
))unll)cr, yi(,hling a eo)nnmr(.ially interesting pro(hlvt, 
stable (o oxi(lation ; lilt, (lth(,r is till: hydrogenat ion (If 
tall oil f a t ty  a(dtls with the aim of I)l:oducing the 
nlaxilnum a)u(/llnt of (he wtluabh~ cis-oleic acid in a 
suitalllc mixtur(, of other l)ro(lucts. This means that  
r(,(luction shouhl I)(, (lirl,(~t(,(l towar(l r('nloving fin- 
oh,it, acid s(,lectively, an(l miniiniziilg f(lrmati(l)i of 
tra))s-iso)ucrs and saturated acids. 

Experimental 
Four  different hydrogenatio)l  units were used in 

these  c x p e r i m e n t s .  At a t m o s p h e r i c  p r e s s u r e  a n d  
r(/(lnt t empera lure  a one-liler glass flask shaken at 
280 strokes per  minute was used. At  pressure up  to 
at)out 50 ilsig, and roo)n or ch'xat(:(t t empera ture  and 
with a high degree of agitation, a one-gallon stain- 
less stccl autoclave with a s t i r rc r ,  cooling coil, and 
cle('trical heatcr c(tntr(/lh,d by a thermoeouple was 
cmllloyed. II igh-tlrcssurc hydrogcnat ion with a low 
degree of agitation was done in a P a r r  shaking bonlb 
of 100-ml. capacity.  A higher degree of agitat ion at 
high pressllre was achieved by use of a 500-ml. Magne 
Dash autoclave. 

The tall oil distillate used in these experiments  had 
the analysis: f a t t y  acids, 53%;  rosin acids, 45%;  un- 
saponifiable, 2 % ;  acid number,  187; iodine nlnnber, 
138. The f a t t y  acids were 42% linoleic acid, 55% 
oleie acid, 3% satura ted  acids. Tall oil f a t ty  acids 
had the analysis: f a t t y  acids, 97% ; rosin acids, 1..0% ; 
uusalmnifiable, 2%;  acid number,  195; iodine num- 
ber, 130. The composition of the fa t ty  aeids was: lin- 
oleic acid, 38%;  oleic acid, 51% ; conjugated dietheu- 
old acids, 6 % ;  pahnit ie  acid, 3%;  stearic acid, 2%. 

Analyses of the products  obtained in this work were 
made according to official methods of the American 
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T A B L E  I 
t I y d r o g e n a t i o n  of Tal l  Oil Dis t i I la te  wit i l  P d  Cata lys t  

E x p e r i m e n t  % Pd  in  
feed 

Tempera-  
t u r e ~  

P res su re  
psig.  

Time in  
ho~rs  

tKydrogenated p roduc t  
ICemarks 

I . N .  Acid No. 

1 ................................................. 0.50 25 Atm. 2 22.0 185 P r o d u c t  
2 ................................................. 0.05 185 50 18 22.0 171 l igh t  
3 ................................................. 0 .006 200 2,000 6 70.0 185 colored 

4 ................................................. 0.01 190 2,200 18 24.0 163 P r o d u c t  
5 ................................................. 0 ,0075 200 2,650 23 31.0 170 d a r k  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0082 200 2 ,450 36 22.0 165 
7 ................................................. 0 .0085 200 2,520 25 23.5 170 colored 

8 ................................................. 0 .0057 200 2,600 30 22.5 171 L igh t  color 

Ca ta lys t :  5% P d  on carbon powder,  Agi ta t ion ,  800 r.p.m.,  Ex. 2, au toc lave ;  lgx. 3-8 ,  P u r r  x'ocking bomb;  Ex. 1, methanol ,  10 pa r t s ;  oil, 1 par t .  

Oil Chemists'  Society (12). The trans content was 
deternlined f rom the infrared absorption of a carbon 
disulfide solution with a Perk in-Ehner  Model 21 in- 
f ra red  spectrophotometer,  according to the procedure 
of Swern (13), and using the recommendation of the 
Spectroscopy Committee (14). The order of activity 
for  various catalysts was determined by calculation 
of the catalyst  functioning rate (15), defined as de- 
er'ease in iodine number per minute per 1% of cata- 
lyst. The presence of rosin and unsaponifiables in 
the tall  oil introduced certain complications in the 
measurements and calculations. To eliminate these, 
the reasonable assumption was made that  there were 
no conjugated diethenoid acids in products  of iodine 
lulmber less than 100. 

The catalysts used were mostly commercial catalysts 
obtained f rom Engelhard  Industries,  Newark, New 
Jersey.  Prepara t ion  of the palladium and par t ia l ly  
deactivated palladium catalysts was given in an earlier 
paper  (16). 

Discussion and Results 
Hydrogenation of Tall Oil Distillate. Tall oil distil- 

late was hydrogenated with the intent  of finding eco- 
nomical conditions to give a product  of iodine number  
of 20 to 25 and with a minimum of decarboxylation. 
The conditions used and the analysis of the products  
obtained are given in Table I. A satisfactory product  
can be obtained at room tempera ture  and atmospheric 
pressure, Exper iment  1, but  the amonnt  of catalyst is 
excessive for  industr ial  use. The conditions of Ex- 
per iment  8 gave a product  of low iodine number  i and 
a tolerable decarboxylation with a practical amount  
of catalyst. Decarboxylation is increased if poisons 
are removed f rom the feed by  pre t rea tment  with 
spent catalyst :  the feeds of Exper iments  4 and 6 
were t reated with spent palladium catalyst for  one 
hour  at room temperature  in a nitrogen atmosphere 
and then filtered. The acid numbers of the product  
f rom these feeds were the lowest obtained. 

I t  is impor tan t  that  a good qual i ty stainless steel 
(316) be used in the hydrogenat ion equipment (18) 
even when a glass l iner is employed, to obtain a prod- 
uct of good color and to avoid poisoning of the pal- 

l I o d i n e  n u m b e r s  of dist i l led tal l  oil p roducts  con ta in in~  considerable  
amounts  of ros in  acids do not  give a t rue  measure  of u n s a t u r a t i o n ;  
they are approx ima te  bu t  afford a conven ien t  compar ison (17 ) .  

ladium catalyst by iron salts. In  Exper iments  4-7 
the glass liner was closed by common steel springs 
and the product  was dark. In  Exper iment  8 the liner 
was closed by nickel chromium springs and the prod- 
uct was light. 111 addition to producing an off-color 
product,  the use of connnou steel springs required 
about 20% more catalyst. Color was easily removed 
f rom the product  by washing with dilute hydrochloric 
acid. 

Hydrogen, ation of Tail Oil Fatty Acids. t lydro-  
genation of tall oil f a t ty  acids was directed toward 
finding conditions that  would produce the maximum 
amount of cis-oleie acid in a suitable mixture. The 
price differential of tall oil f a t ty  acids mixture and 
oleic acid makes a selective hydrogenat ion a decidedly 
at tract ive operation. 

All the plat inum metals, except osmilun, were 
examined for act ivi ty and for selectivity (if hydro- 
genation, and for  tendency to form trans isomers. 
The act ivi ty increased iu the order of ruthenium, 
iridium, platinunl, rhodium, and palladium. The 
tendency to form trans isomers increases in the same 
order  except for  the interchange of plat inum and 
ru thenium;  tile order  for increasing trans isomers 
is platinum, iridium, ruthenium, rhodium, aud pal- 
ladium. Selectivity of hydrogenat ion followed the 
increasing order, iridium, ruthenium, platinum, rho- 
dium, and palladium. Despite pal ladium 's tendency 
to trans formation, its high activity and selectivity 
and relatively low cost makes i t  the most at t ract ive 
of the pla t inum metals for  f a t ty  acid hydrogenation.  

As palladium becomes more highly dispersed on the 
carrier,  i t  becomes more active and more selective; 
1% Pd  on carbon is more active and selective than 
5%. At  the expense of activity, selectivity may  be 
increased and trans formation decreased by part ial  
deactivation of the catalyst. The changes brought  
about by deactivation and dispersion are probably 
linked with the effect these changes have on the avail- 
ability of hydrogen at the catalyst surface. These 
relationships were discussed at length in an earlier 
paper (15). 

At low pressures the amount  of trans isomers formed 
with palladium is high and material ly  decreases the 
yield of the cis-oleie acids. To circumvent excessive 
trans formation, hydrogenations were done at elevated 

T A B L E  I I  
H y d r o t e n a t i o n  of Tall  Oil F a t t y  Acids  wi th  P t  Group  Metal  Catalysts  

E x p e r i m e n t  

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

C a t a l y s t % m e t a l  Time, I N Th  N Linoleic  S a t u r a t e d l O l e i c a c l d l  T . . . .  [ Cis-oleic ] A I . N .  [ Cata lys t  
in oil minu te s  . . . .  1 acid % acid % tota l  % % acid % m i n u t e  function-in~, ra te  

5% R h / C  0 .05% 19 92,4 78.1 16.5 14.0 69.5 26.0 43.5 1.98 " 39.6 
5% ]~u /0  1 .0% 37 93.0 75.7 20.0 17.2 62.8 13.2 49.6 1.00 1.0 
5% I r / C  0 .5% 35 88.5 69.9 21.6 23.6 54.8 9.7 45.1 1.19 2.4 
5 %  P t / C  0 ,05% 123 94.2 77.0 19.9 15.3 64.8 6.0 58.8 0.29 5.8 
5 %  P d / C  0.025vTb 20 92.7 82.4 11.6 8.8 79.6 30.6 49.0 1.82 72.8 

80.4 1% P d / C  0 .025% 19 91.3 82.2 10,2 8,8 / 81.0 ~ 27.8 53.1 I 2.01 
1% P d / C a  0 .10% I 54 | 91,7 I 82.7 ! 10.0 8.3 I 81.7 J 24.8 56.9 I 0.72 J 7.2 

a P a r t i a l l y  deac t iva ted  wi th  Ag and  B i  (16 ) .  Solvent  1 : 1 0  o i l /methanol .  Pressure ,  a tmospheric ,  Tempera ture ,  28~ 
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T A B L E  IIl 

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. 


