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C i s - t r a n s  i s o m e r i z a t i o n  s tud ie s  were  per formed  on com- 
merc ia l  o le ic  acid and ref ined sunf lower  oil. R e a c t i o n s  
were  carried out  a t  c o n s t a n t  t empera tu re ,  under inert at- 
mosphe re  (without  hydrogen),  us ing  an industr ia l  nickel-  
conta in ing  h y d r o g e n a t i o n  ca ta ly s t .  

W i t h  sunf lower  oil, hydrogen  transfer  and po lymeriza-  
t ion were concurrent  with  the  format ion  of t r a ns  i somers .  

M a n y  papers  abou t  the  c i s - t r a n s  i somer iza t ion  reac t ions  
of u n s a t u r a t e d  f a t t y  acids and  re la ted  c o m p o u n d s  (ethyl 
or m e t h y l  esters) have  been  publ ished.  C a t a l y s t s  such as 
su lphur ,  iodine, se len ium and  i t s  de r iva t ives  (oxide, 
sulfide, hydride), te lur ium,  n i t rogen  der ivat ives ,  mercap-  
t ans ,  etc., have  been  used  (1-6). The l i t e r a tu re  does n o t  
p rov ide  precise i n f o r m a t i o n  abou t  geomet r ic  isomeriza-  
t ion  u s i n g  nickel  as the  ca ta lys t .  

This  repor t  descr ibes  the  geometr ic  i somer iza t ion  of 
commerc ia l  oleic acid and  ref ined sunf lower  oil. A n  in- 
dus t r ia l  n ickel -conta in ing hydrogena t ion  ca ta lys t  (Resan 
22, H a r s h a w  Chemical  Company)  was used. All  reac t ions  
were carried out  at  cons t an t  t empera tu re  in a carbon diox- 
ide a tmosphere .  

EXPERIMENTAL PROCEDURES 

The f a t t y  ma te r i a l  was  hea ted  and  ag i t a t ed  b y  b u b b l i n g  
C02 t h r o u g h  it. W h e n  the  des i red t e m p e r a t u r e  was  
reached, the ca t a lys t  (Resan 22 wi th  a metal l ic  nickel con- 
t e n t  of 20.5%) was  added  {time zero) a t  10% of the  oil 
weight .  Samples  were t a k e n  t h e n  and  at  def ini te  inter-  
vals,  and  saponi f i ca t ion  a nd  iodine n u m b e r s  (7,8) were 
de te rmined .  F a t t y  acid m e t h y l  es ters  were p repared  (8) 
a nd  analyzed.  A S h i m a d z u  Model  GC-6 A M P r F  gas  
c h r o m a t o g r a p h  equ ipped  wi th  15% OV-275 co lumns  on 
100/120 Chromosorb  P A W - D M C S ,  20' × 1/8" s ta in less  
steel, f rom Supelco Inc.,  BeUefonte, P e n n s y l v a n i a ,  was  
used  for all gas c h r oma t og r a ph i c  analyses .  This  co lumn  
has  been developed specif ical ly to separa te  c i s - t r a n s  
i somers  of f a t t y  acid m e t h y l  es ters  (9). 

RESULTS AND DISCUSSION 

The effect iveness  of the  c a t a l y s t  used  for c i s - t r a n s  
i someriza t ion of a m o n o u n s a t u r a t e d  f a t ty  acid unde r  CO2 
is d e m o n s t r a t e d  in  Tab le  1. W o r k i n g  a t  a lower tempera-  
ture,  much  lower ca ta lys t  concen t ra t ion  and  shorter  reac- 
t ion  t ime, Feuge  et  al. (10) did no t  ob ta in  those  products .  

TABLE 1 

Isomerization of U.S.P. Oleic Acid with 10% Resan 22, at 210 C 

trans cis Total trans cis Total trans cis Total eis-cis 
Time Myristic myristoleic myristoleic myristoleic Palmitic palmitoleic palmitoleic palmitoleic Stearic oleic oleic oleic linoleic 
(hr) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 

0 2.3 -- 2.1 2.1 5,1 -- 11.7 11.7 1.5 7.0 68.3 75.3 2.0 
4 2.0 0.8 0.6 1.4 5,3 4.6 5.9 10.5 8.7 28.8 43.4 72.2 -- 
7 2.0 1.1 0.7 1.8 5.8 5.5 5.2 10.7 9.4 30.9 39.4 70.3 -- 

12 2.0 1.1 0.4 1.5 5.9 6.0 4.7 10.7 9.4 39.2 31.2 70.4 -- 
19 1.8 0.8 0.3 1.1 5,0 5.9 4.7 10.6 10.0 45.6 25.9 71.5 -- 

TABLE 2 

Isomerization of Sunflower Oil with 10% Resan 22 

trans cis Total trans-trans trans-cis cis-cis Total 
Temperature Time Palmitic Stearic oleic oleic oleic linoleic linoleic linoleic linoleic Iodine Saponification 

(°C) (hr) (%) (%) (%) (%) (%) (%) (%) (%) (%) number number 

210 0 9.8 12.5 + 28.6 28.6 -- -- 49.1 49.1 
210 6 10.2 12.2 5.9 27.6 33.5 0.9 1.9 41.3 44.1 
210 14 10.8 14.9 12.3 30,8 43.1 2.7 4.5 24.0 31.2 
210 22 11.6 19.0 24.2 28.3 52.5 3.3 3.5 10.0 16.8 
210 30 12.3 22.3 31.9 2 1 . 7  53.6 4.5 4.3 3.1 11.9 

230 0 9.1 5.9 + 32.6 32.6 -- -- 52.3 52.3 
230 4 9.7 8,6 5.8 30.2 36.0 1.7 3.0 41.0 45.7 
230 7 10.0 11.7 8.6 30.3 38.9 2.8 4.2 32.5 39.5 
230 14 11.5 17.1 18.7 26.9 45.6 5.2 5.6 15.1 25.9 
230 21 13.3 18,8 30.7 26.8 57.5 6.5 4.0 -- 10.5 

121.2 190.5 
115.6 190.5 
114.0 188.6 
107.4 179.5 
103.0 159.6 

F 

1Based on work done in partial fulfillment of requirements for completion of the doctoral dissertation of Maria A. Grompone. 
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ISOMERIZATION OF FATTY ACIDS 

Both  cis oleic and cis-cis linoleic acids from sunflower 
oil were isomerized at  210 C and 230 C. At  120 C no reac- 
tion took place (Table 2). 

During reaction at  210 C and 230 C, the amount  of 
linoleic acid was found to decrease. In these conditions, 
the amounts  of stearic and oleic acids changed with time. 
This means tha t  even with no hydrogen present  in the 
atmosphere over the system, hydrogenat ion took place. 
At  210 C a decrease of the iodine number  also indicated 
an increase in saturation.  

Some hydrogen-transfer reaction accompanies the cis- 
trans isomerization of polyunsatura ted  fa t ty  acids with 
selenium {5,6,11-13). Apparent ly,  similar by-products  
were formed when Resan 22 was used as a catalyst .  No 
such by-products were observed when oleic acid was 
isomerized, except  during the first four hr, During this 
interval, the  small amount  of polyunsatura ted  acids ini- 
tially present  would allow hydrogen transfer.  

Because polymers do not  give volatile methyl  esters, 
they are not  detected in our chromatographic  analysis. 
There are several publications on indirect determinations 
of polymers with GLC (14,15). Palmitic acid can be used 
as a sort  of internal s tandard  (stearic acid is not  useful 
because its concentration increases with hydrogen trans- 
fer), and the growth of its relative peak area indicates 
polymer formation. For  sunflower oil (Table 2) at 210 C 
and 230 C there is an increase in palmitic acid, but  with 
oleic acid (Table 1) such an increase is not  observed. 

Polymerization reactions may also be detected by the 
decrease in saponification number. At  210 C the saponifi- 
cation number  of sunflower oil decreased as the reaction 
progressed. That  is, the combined fa t ty  acids increased 
their mean molecular weight. A saponification number  of 
190.5 (initial value) indicates a f a t ty  acid mean molecular 
weight of 282; a saponification number  of 159.6 (final 
value) indicates a f a t t y  acid mean molecular weight of 
338, whose equivalent chain length value is 22. As the 
carbon chain lengths of sunflower fa t ty  acids range from 
C,6 to C,8, those results mean tha t  polymerization must  
have occurred, as it has already been found with selenium 
( 5,6,11-13 ). Diels-Alder addition has been proposed as a 
mechanism for chain elongation. 

Only polyunsaturated acids can form conjugated dienes 
tha t  are responsible for hydrogen t ransfer  and polymeri- 
zation reactions (5,6,11-13). This can explain why those 
reactions occurred more readily with sunflower oil than 
commercial oleic acid. 

Cis-trans isomerization of polyethenoid acids accom- 
panied by  polymerizat ion and hydrogenat ion t ransfer  
(without a hydrogen atmosphere) is of considerable im- 
portance in the practice of industrial hydrogenation, Con- 
tac t  between the ca ta lys t  and fa t ty  materials may lead 
to isomerization or polymerizat ion even though there is 
no hydrogen in the atmosphere.  I t  should be noted tha t  
the  amount  of ca ta lys t  used in this work is significantly 
greater  than tha t  usually used. 
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