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We hydrogenated cottonseed oil with a palladium catalyst  ([1], p. 161) previously saturated with hydro- 
gen and without such saturation, using it e i ther  in the completely saturated form (Table 1, expt. 1), or  in the 
completely unsaturated fo rm (expt. 4) o r  in the form of a mixture of both types. The other  experimental  con- 
ditions were identical. 

It can be seen f rom Table 1 that the pre l iminary  saturation of the catalyst  with hydrogen sharply low- 
e rs  the rate of its absorption as compared with a catalyst  not subject to hydrogenation. 

The same observation has been made previously by D. V. Sokol'skii [1]. He explained this phenome- 
non by the assumption that in such cases  the activation of the hydrogen and of the unsaturated compound take 
place on the s a m e  active centers  of the surface of the catalyst .  The hydrogenation of the catalyst  leads to 
the coverage of all the active centers  with hydrogen, which excludes the possibili ty of the activation of the 
molecules  of the unsaturated compounds. 

Thus, in the given case it is desirable to add the catalyst  to the reaction medium without its pre l imi-  
nary saturation with hydrogen. 

By means of fur ther  experiments  we have investigated the influence of the nature of the solvent on the 
p rocess  of t rans isomer iza t ion  (Table 2). The f igures given in Table 2 show that in the presence  of solvents 
the process  is great ly  acce lera ted  as compared with the absence of solvents: a lmost  four t imes  as  fast in 
ethanol and in hexane and almost  twice as fast in acetone. This is probably due to a lowering of the v i scos -  
ity of the medium and the associa ted weakening of obstacles to diffusion. If the diffusion factor  does in fact 

TABLE 1. Influence ofthe P r e -  
limina ry Saturation of the Cata- 
lyst  with Hydrogen* on the Rate 
of Hydrogenation 

Ex pt. 
No. 

Toh.amt [Amt. of i IodineNo. 
of Pd "[added Pd of the hy- 
auu~u,'~'~̂ '~ ;' previously ~ drogen- 
refcned Ih~dnr~ed , izate. I, 
t o t l l e  o i l  1~ I 

% 

0.05 
0,05 
0,05 
0.05 

0,05 
0,02 
0,01 

56,0 
24.0 
15.8 
5,i 

*Time of hydrogenation in each 
experiment 20 min; I. No. of 
the oil 109.2. 

play a fundamental part  in this, with the dilution of the solution af te r  
some maximum in the rate of the p rocess  has been reached, a decrease  
should follow because of the lengthening of the path to be followed by 
the unsaturated molecules  f rom the bulk of the solution to the surface 
of the catalyst  part icles ,  as we observed in the following ser ies  of ex- 
per iments  (Table 3). It can be seen f rom Table 3 that the highest rate 
of absorption of hydrogen is found at a ratio of oil to solvent of 1 : 2. 

In addition, we studied the influence of the amount of palladium 
catalyst  on the rate of the hydrogenation p rocesses  and on c i s - t r a n s  
isomerizat ion (Table 4). The resul ts  given in Table 4 show that the ini- 
tial rate of hydrogenation increases  in proport ion to the amount of cata-  
lyst  but af ter  some limit has been reached (in our  case, 0.06%) there is 
no fur ther  increase  in the rate of the process .  This phenomenon has 
been observed severa l  t imes by other  authors.  
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T A B L E  2. In f luence  of the  Na tu re  of  the  Solvent  on the  H y d r o g e n a -  
t ion  P r o c e s s *  

Expt. 
No. 

~r nitial 
ate of 

Solvent ibsorp, of 
ayd~ogen, 
"nl/mm 

INone 10 
Acetone 19 
Hexane 37 

42 Ethanol 

Fot. dura, 
:ion ofthe 
)rocess, 

55 
26 
15 
13 

Amt of 1I No of Ipto~or Mp of 
• ° ° t "  - 

hydroger~hydro- ttion of hydro- 
absorbeddgeniz- Itrans _ geniz- 
ml ]ates,  a]o I z[acids, °lo ares, *C 

430 I 57,9 I 31,45 423 56,4 33,01 
420 57,3 31.77 
425 55,1 34,75 

39,0 
39.5 
39,0 
40,0 

* In e a c h  e x p e r i m e n t  10 m l  of c o t t o n s e e d  o i l w a s  h y d r o g e n a t e d  i n t h e  
a b s e n c e  of a so lven t  o r  wi th  25 m l  of  the  g iven  so lven t  a t  50°Cus ing  
0.05% of Pd .  The  i n i t i a l  I. No. w a s  109.2%. 

T A B L E  3. In f luence  of the  D e g r e e  of  D i l u -  
t ion  of the Oi l  wi th  S o l v e n t s  on the  E f f ec t  of 
the  A b s o r p t i o n  of Hydrogen*  

A ~ Initial [Tot. amt.! 
mt. oi rate oI 'of h-dro 

hydrogenlhydro- I-^-L~ " 
absorlSed,l~nation,#=,; "~- 
ml ~nl of k s°med, 

Hz/min Iml 

Expt. 
No. 

DuraaonMp of the 
of the [hydrogen- 
process, izates, 
min "C 

9 37 
I0 37 
I 1 37 

12 
13 
14 
15 

Hydrogena~onin hexane at 50"C 
10 22 430 25 
20 40 405 20 
40 25 403 30 

Hydrogenation in acetone at 40°C 
l0 12 410 65 
20 25 410 30 
40 18 415 30 
50 9 4.0 75 

39 
39 
40 
39 

* A m o u n t  of oi l  in each  e x p e r i m e n t  10 ni l ;  
c a t a l y s t -  0.05% of  Pd .  

TABLE 4. In f luence  of the  Amount  of  C a t a l y s t  on the  P r o c e s s e s  of  
H y d r o g e n a t i o n  and c i s -  t r a n s  I s o m e r i z a t i o n *  

Expt. 
No. 

16 
17 
18 
t9 
20 
21 

~nitial ]Duration [Tot. amtJI. No. of 
Amt. of [rate or lof hydro-]of hvdro-]thehydr~ 
Pd, o]~ ~nyar°gea'l~ena'tion,l~en'ab- ]~enizates 

bation, mlI~nin / ° " . .  I~0 
~f Hs/min~ }s°r°ea,mlF/' 12 

Proportion, % Mp of the 
trans con- hydrogen- 
acids jugated izates, C 

dienes 

0,01 
0,02 
0,04 
0,06 
0,08 
0, I0 

I0 
20 
35 
50 
50 
50 

12 
12 

205 
22O 

210 

61,1 
60,6 

6~2 
60,6 

37,02 
43,26 

45,81 
50, 40 

Absent 
0,70 

Absent 

37 
38 

£ 
41 

* In each  e x p e r i m e n t  5 m l  of  c o t t o n s e e d  o i l  w a s  h y d r o g e n a t e d  in  25 
m l  of e thano l  a t  60°C. 

In add i t ion ,  i t  can  be s e e n  f r o m  the  s a m e  s e r i e s  of e x p e r i m e n t s  that  wi th  an  i n c r e a s e  in the  a m o u n t  of  
c a t a l y s t  the  p r o p o r t i o n  of  t r a n s  a c i d s  in the  h y d r o g e n a t e s  i n c r e a s e s  and,  in p a r a l l e l  wi th  th i s ,  the  m e l t i n g  
po in t  of the  fa t  r i s e s .  

On c o n s i d e r i n g  the q u e s t i o n  of  the in f luence  of t he  t e m p e r a t u r e  on the r a t e  of the h y d r o g e n a t i o n  p r o c -  
e s s ,  we e x p e c t e d  an  o v e r a l l  i n c r e a s e  in the  r a t e  wi th  a r i s e  in the  t e m p e r a t u r e .  Howeve r ,  t h e r e  i s  i n f o r m a -  
t ion  in the  l i t e r a t u r e  [2] a c c o r d i n g  to  which  e a c h  so lven t  has  i t s  own t e m p e r a t u r e  o p t i m u m  at  wh ich  h y d r o g e n -  
a t i o n  t a k e s  p l a c e  wi th  the  g r e a t e s t  r a t e .  Thus ,  in  a c e t o n e  the  m a x i m u m  r a t e  of  h y d r o g e n a t i o n  i s  a c h i e v e d  a t  
40°C, in hexane  at  50°C, and in  e thano l  a t  60°C. P o s s i b i l y ,  t h e r e f o r e ,  a t  t e m p e r a t u r e s  a p p r o a c h i n g  the b o i l -  
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TABLE 5. Dependence  of  the Ra t e  of  the  H y d r o g e n a t i o n  of Cot ton-  
s e e d  Oil  on the  T e m p e r a t u r e  of  the  P r o c e s s ;  C o m p o s i t i o n  and P r o p -  
e r t i e s  of the  H y d r o g e n i z a t e s  

0 ~1 '-.~ ~ 0  ~ 0  

Fatty-acid composition 

= .=. ..2. o .'2. 

E ~ ,Z E ,.Y 

22 30 I 20 
23 40 I 34 
24 50 35 

25  122 
26 35 
27 60 65 

~ Proportion,% I 
- ]~~q- -~ - - I .~  ~ 

z g . £  i ~ a o ~':~ ~.~., 

10 ml of oil in 25 ml of hexane; 0.05% 

25 I 340 1,28125,2010,8818 98149 7213 9466 38 15,32Absent 34 
16 ] 333 0,69 26,26 1,0117 58 52 8411 6265 87 22.21 . 32 
14 340 0,98 24,83 0,66 5179 55:39 12:3566,21 22,05 . 34 

10 ml of oil in 25 ml of ethanol; 0.05% 
30 410 1,30 24,95 2,75 13.49i48,89 8,62 59,57 18,23 3,5 --  
23 410 1,29 27,27 1,39 13,0253,15 3 88 59 17[20,73 2,2 
11 410 ,32 23,63 2.58 12,85152,75 6,37 59,0832,95 1,96 

T A B L E  6. Inf luence  of the D u r a t i o n  of H y d r o g e n a t i o n  on the C o m -  
p o s i t i o n  and P r o p e r t i e s  of the H y d r o g e n i z a t e s  

]~ ~ "  [~ ~ I Fatt-acid composition, a]o I '~!l ° ' ~ v ~ v  'i" 
~S>-~=O~ . . . .  ~ 0 ~  0 ~c:1 .~V ~ 0 , . , . 0  

~ ~ t o bo~ j ; i . ~ .~e  

Initial 
oil 
28 
29 
3O 
31 

105 
1 205 
25 412 
45 577 

0,67 22,261 1,37 
1,61 23,341 2,54 
1.45 25,05 / 1,54 
1,14 25,16 / 1,32 
1,09 23,62 t 1,18 

3,09 
5,19 
,%49 
8,54 
!0,43 

18,67 
31,38 
38.67 
59,85 
52,24 

I 53,99 108,41 _ _ [ - -  

3 5 , 9 4 1  90,66[ 3,76 2.56 [ 24 
27,80 81,39 12 15 [Absent[ 28 
3,99 58,10 45,24 I I  37 
1,44 47,0045,80 43 

T A B L E  7. 
D e s t r u c t i v e  Ox ida t ion  of the  H y d r o g e n i z a t e s  

Acid 

C o m p o s i t i o n  of the D i e a r b o x y l i e  A c i d s  P r o d u c e d  by  the 

16 

1]'7,68 
32,14 
13,47 
13,39 
29,32 

~,93 
25,75 
21,25 
20,27 
24,30 

Experiment 

19 120 25 [ 26 

IC01' 17,90 / 18,37 
30,85 a8,~5/ 26,22 
14,00 12,62 / 15,21 
17,65 10,121 13,71 
23,71 19,131 23,91 
2,78 1,3o I 1,19 

Succinic, C 4 
8uberic, C 8 
Azelaie, C 9 
Sebacic, CI0 
Nonanedicarboxylic, Ctl 
Decanedicarboxylic, C12 
Brassylic, CIS 

27 

1 , 7 0  

13,20 
19,53 
16,30 
16.10 
29,81 
3,27 

TABLE 8. 
the  H y d r o g e n i z a t e s  

F r a g m e n t s  f r o m  the D e s t r u c t i v e  Ox ida t ion  of 

Percentage of bonds 
Experiment 

1G I 17 I 19 } 20 [ 25 [ 26 1 27 

26,86 41,52 37,98 31,65 22,74 28,92 32,40 
11,68 7,93 8,00 13,79 19,20 i 19,56 16,47 

61,46 50,65 54,02 54,56 57,28 i 50,13 49,34 

Moving closer 
Moving apart 
Undergoing no 

migration 

ing po in t  of the  so lvent ,  i t s  t h e o l o g i c a l  p r o p e r t i e s  change  s i g n i f i c a n t l y  o r  such  p e c u l i a r  h y d r o d y n a m i c  c o n d i -  
t i ons  a r e  c r e a t e d  in the  r e a c t i o n  m e d i u m  tha t  t hey  a r e  r e f l e c t e d  in  the  k i n e t i c s  of the p r o c e s s .  N e v e r t h e l e s s ,  
e x p e r i m e n t a l l y  (Table  5) no such  b r e a k s  on the  c u r v e s  of  T ° v e r s u s  A v / A t  w e r e  found. 

Whi le  in the  p r e c e d i n g  e x p e r i m e n t s  ( see  T a b l e  4) an  i n c r e a s e  in the  amoun t  of t r a n s  a c i d s  w a s  found 
wi th  an  i n c r e a s e  in  the  amoun t  of c a t a l y s t ,  h e r e  we f ind the s a m e  i n c r e a s e  in the  amount  of t r a n s  a c i d s  wi th  
a r i s e  in the  t e m p e r a t u r e  of  h y d r o g e n a t i o n .  

A p p a r e n t l y ,  the  f a c t o r s  a c c e l e r a t i n g  the h y d r o g e n a t i o n  p r o c e s s  p r o m o t e  the  p ~ o c e s s  of  g e o m e t r i c a l  
( c i s - t r a n s }  i s o m e r i z a t i o n  s i m u l t a n e o u s l y ,  to some  ex ten t .  
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Final ly,  the l as t  s e r i e s  of expe r imen t s  (Table 6) was  p e r f o r m e d  with the a i m  of invest igat ing the influ- 
ence of the durat ion of hydrogenat ion and of the contact  of the oil with the ca ta lys t  on the fa t ty -ac id  compos i -  
t ion and p r o p e r t i e s  of the hydrogenizates .  In  each exper iment  of this s e r i e s  10 ml  of oil was  hydrogenated 
in 25 ml  of hexane at 50°C with 0.05% of Pd. 

It  can be seen f r o m  Table  6 that  sa tura t ion  with hydrogen in the p r e sence  of pal ladium takes  p laeewi th  
a high degree  of se lect ivi ty ,  which is  espec ia l ly  important ,  in par t icu la r ,  in the p repa ra t ion  of hydrogenated 
fa ts  fo r  food purposes .  The index of se lec t iv i ty  de te rmined  by the g raph ic -ana ly t i ca l  method proved  to be 
0.886 in this  case  [3]. 

In the initial  s tages  of the hydrogenation p r o c e s s  an accumulat ion of the t r ans  acids takes  place, but 
a f t e r  a definite l imi t  t he i r  amount  begins  to fall  because  of t he i r  sa turat ion.  

In some s amp le s  of hydrogeniza tes ,d ienes  with conjugated double bonds were  detected.  This  shows 
that  in addition to geome t r i ca l  i somer iza t ion ,pos i t ion  i somer i za t ion  (migrat ion of double bonds) takes  place.  
In o r d e r  to follow this phenomenon, we subjected some  samples  to des t ruc t ive  oxidation by Hildi tch 's  method 
[4]. The composi t ion  of the d icarboxyl ic  acids  included in the f r agmen t s  obtained as  the resul t  of oxidation 
is  given in Table  7. 

Native oleic acid, and a lso  A12-isooleic acid, fo rmed  f r o m  linoleic acid by the sa tura t ion  of the A 9 dou- 
ble bond, give the C 9 and Cll d icarboxyl ic  acids on oxidative degradation; however,  when the two doublebonds 
of l inoleic acid approach  one ano ther  the C10 and Cll acids  a re  formed,  and when they move apar t ,  the C 8 and 
C1s acids .  Table  8 was  cons t ruc ted  taking this into account.  

The f igures  of this table show that 50-60% of the unsa tura ted  ac ids  re ta in  the i r  double bonds in the 
nat ive posi t ions,  while in the r e m a i n d e r  the double bonds mig ra t e  mainly towards  one another .  Most  f r e -  
quently, the migra t ion  of the bonds towards  one ano ther  takes  place to a 3 - 5 - t i m e s  g r e a t e r  extent than t he i r  
movemen t  apa r t  which, of course ,  is  explained by the the rmodynamic  factor', the t rans i t ion  of a s y s t e m  of 
two sepa ra t ed  double bonds into a conjugated s y s t e m  is  accompanied  by the evolution of 1.8-3.5 kea l /mo le .  

We detected the p r e sence  of conjugated dienes in a number  of exper iments ,  but in e x t r e m e l y  smal l  
amounts ,  since they a r e  hydrogenated a lmos t  immedia te ly  [5] with convers ion  into monoenic acid. 

E X P E R I M E N T A L  

The fa t ty -ac id  composi t ions  of the hydrogeniza tes  were  de te rmined  on a UKh-2 gas- l iquid  ch romato -  
g raph  at 200°C with a column 2.5 m long. Poly(ethylene succinate) was used  as  the mobi le  phase  [6]. 

The methyl  e s t e r s  of the fat ty  acids were  oxidized by the method desc r ibed  prev ious ly  [7]. The p ro -  
por t ion  of t r ans  acids  was  found f r o m  the IR spec t r a  obtained on a UR-10 ins t rument .  

S U M M A R Y  

The hydrogenat ion of cot tonseed oil in hexane and ethanol is  accompanied  by geomet r i ca l  and pos i -  
t ional  i somer i za t ions  in the fa t ty -ac id  rad ica l s .  
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