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Abstract 
Studies have been made on the conjugated hy- 

drogenation of peanut  and safflower oils using 
nickel catalyst and with alcohols as hydrogen 
donors. Peanut  oil was reduced with ethyl alcohol 
to a final iodine value of 64-71 and the reaction 
is selective because little saturated acid is formed 
but  some linoleic acid is retained. When the same 
oil is reduced with isopropyl or secondary butyl  
alcohols an iodine value of -~ 25 is reached while 
all linoleic acid has disappeared. With safflower 
oil and isopropyl alcohol an iodine value of ~ 46 
is reached and the reaction is selective since all 
linoleic acid has disappeared. Thus the amount 
of monoene retained depends on initial unsatura- 
tion of the oil when a secondary alcohol is used 
as hydrogen donor. 

Introduction 

C ONJUGATED HYDROGENATION refers to the hydro- 
genation process in which hydrogen is not sup- 

plied in the gaseous form but  is contributed by a 
hydrogen donor, generally an alcohol which is dehy- 
drogenated to a carbonyl compound. The liberated 
hydrogen is t ransferred to the double bond without 
appearing in the vapor phase. The process has so far  
been investigated only by Russian workers (1-5) ,  who 
claim selectivity and preferent ia l  production of oleins 
f rom triglyceride oils. F u r t h e r  it  is apparent  from 
the reports  that oils cannot be hydrogenated by this 
method below an iodine value of 64 to 70 with ethyl 
and propyl  alcohols as hydrogen donors. Secondary 
alcohols are considered superior to p r imary  alcohols 
as hydrogen donors. 

The present investigation, par t  of which has been 
reported in a short communication (6), deals with 
the effect of a) concentration of catalyst, b) tem- 
perature,  e) different amounts of hyd rogen  donor, 
d) using secondary alcohols in place of pr imary  
alcohols. In a series of experiments, refined and 
bleached peanut  and safflower oils were used as hy- 
drogen acceptors with nickel catalyst and in the 
presence and absence of ethyl alcohol (absolute), 
isopropyl and secondary butyl  alcohols (E. Merck, 
Germany) as hydrogen donors. 

Experimental 
Hydrogenations were carried out in a high pressure 

shaking autoclave (Chas. W. Cook & Sons Ltd., Eng- 
land) provided with electrical heating and automatic 
temperature  control. The shaking speed of the auto- 
clave was 147 movements per minute. 

Rufer t  nickel catalyst containing 25% Ni (Harshaw 
Chemical Company) was used as catalyst in amounts  
of 1% Ni and 0.5% Ni in reference to the oil used. 
The reactions were carried out at 200C, 225C and 

1Present  address': The Hormel Institute, University of Minnesota, 
Austin, Minnesota. 

250C with nitrogen gas in the head space during the 
hydrogenation and samples were withdrawn at regu- 
lar intervals. The products were freed from catalyst 
by filtration aided by Hyflosupercel. Alcohol, car- 
bonyl compounds and water  were removed by a stream 
of N2 under  water vacuum at water bath temperature.  

Methods of Analysis 
Ultraviolet and infrared spectrophotometry were 

used for analysis and supplemented by gas-liquid 
chromatography. 

cis-Linoleic acid was estimated by the method of 
Hilditch et al. (7) with a Beckman quartz spectro- 
photometer, model DU. The m e t h o d  does not dis- 
tinguish str ict ly Cis and trans dienes. Therefore the 
values are probably somewhat high for cis, cis linoleic 
acid, but  low for total diene content. 

The trans isomers were determined in an infrared 
spectrophotometer, Model 21 (Perkin-Elmer Corpora- 
t ion).  The samples were dissolved in CS2 and the 
percentages of trans double bonds expressed as methyl 
elaidate. In some experiments trans isomers were 
determined by the lead salt method of Cocks et al (8). 

The results from some spectral tests were checked 
by GLC and the results were not markedly different. 
A Beckman GC-2 apparatus  with thermal conductiv- 
i ty detector was used with a 1/~ in. • 10 f t  aluminum 
column containing 20% fl-cyclodextrin acetate on Gas- 
Chrom P, 30-60 mesh. The temperature  was 236C 
and the flow rate of He was 57 ml /min  (9). 

The slip points of the hydrogenated samples were 
determined by the capillary slip method (10) which 
is the same as that  described by Mehlenbacher (10). 

Results 
The reaction conditions and the analytical data of 

the hydrogenated products are given in Tables I, 
II,  I I I  and IV. 

Total oleic acid designates all the isomeric mono- 
enoic acid. 

T A B L E  I 

Analytical Data of Hydrogenated Products from Peanut Oil and 
Ethyl Alcohol; 50 g Oil;  8,5 g E thy l  Alcohol;  

1 %  Ni ;  1 3 5 - 1 4 5  p s i g ;  2 2 5 0  

Oleic 
I o d i n e  Lin-  (Tota l )  % Satu-  trans- 

Period v a l u e  rated % is,omer 
of hydro- (Wijs' oleic % Calcd. 
genation 0.5 hr) UV from& IvUV ferencebY dif- by%IR 

0 93.6 27.5 52.7 19.8 
1 76.7 12.9 65.1 22.0 11,0 
2 74.6 20.9 66.7 22.4 12.0 
3 74.5 20.7 66.7 22.6  12.8 
4 72.6 8.8 67.7 23.5 16,3 
5 71.3 7.6 68.8 23.6 16,5 

50 g oil; 8.5 g ethyl alcohol 0 . 5 %  N i ;  1 3 5 - 1 4 5  p s i g ;  225C 

0 93.6  27.5  52.7 19.8 ...... 
"1 81.6 17.2 61.2 21.6 7,3 
2 79.4 13.2 64.2 22.6 10,3 
3 76.7 10.9 66.5 22.6 12,7 
4 76.2 10.6 66.2 23.2 13.0 
5 74.7 8.9 67.7 23.4  16 ,0  
6 73.9 7.8 68.3 23.9 16,0 
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T A B L E  ] i 

Analyt ica l  Data  of I Iydrogenated  P roduc t s  from P e a n u t  Oil and 
Ethyl  Alcohol;  50 g Oil ;  8.5 g E thy l  Alcohol;  1 %  Ni ;  

165-175  ps ig ;  250C 

Oleic 
(Total)  % Satu- tran,~ 

Period 1 odine Lin- Calcd. rated % isomers 
of hydro- value o~cic % by 
genation,  (\Vii s' UV from by dif- Pb-salt  

hr  0.5 h r )  UV ferenec 
& I V  % 

0 98.6 27.5 52.7 19.8 
1 71.8 9.9 67.6 22.5 "717 
2 67.4 5.7 71.2 23.1 12.0 
3 67.1 5,7 71.2 23.1 8.6 
4 67.1 5.7 71.2 23.1 6.9 
5 64.2 2.7 74.0 23.3 9.9 

50 g oil :  8.5 g ethyl alcohol; 0 . 5 %  Ni;  165-175  psig;  2 5 0 0  

0 93.6 27.5 53.7 19.8 
1 77.7 18,0 59.9 22.1 1.2 
2 73.3 11.3 66.4 22.3 4.6 
3 72.0 10.9 66.4 22.7 8.4 
4 70.2 9.4 65.6 25.0 8.4 
5 68.4 8.4 66.5 25.1 5.9 
6 67.5 7.2 65.5 27.3 8.7 

Discussions 

The earlier observations (1,2,5) of a final iodine 
value between 64 to 7l were confirmed with peanut  
oil and ethyl alcohol as hydrogen donor. The higher 
value was reached at temperatures  <250C and the 
pressures <165  psig while at higher tempera ture  and 
higher pressure the hydrogenat ion apparen t ly  goes 
somewhat fur ther .  

However, it has been observed that  when peanut  
oil is hydrogenated at 200C with 1% nickel, the final 
iodine value by prohmged hydrogenat ion is 80 in- 
stead of 70. This finding contradicts that  of Lyubar -  
skit (1) who stated that  the final iodine value is 
reached irrespective of t empera ture  by increasing the 
time of reaction. 

The effect of tempera ture  in augment ing the rate 
of reaction is confirmed. F rom Tables I and ] I  it is 
apparen t  tha t  the catalyst  concentration has con- 
siderablc effect on the rate although almost the 
same fa t ty  acid composition is reached. 

The conjugated hydrogenat ion reaction is ra ther  
selective when a p r imary  alcohol, i.e., ethyl alcohol 
is used as hydrogen donor until the final iodine value 
is reached. Very  little saturated acid is produced 
while reduction of linoleic acid takes place. At  225C, 
1% Ni saturated aeids are increased f rom 19.8% to 
23.6% an(1 tha t  linoleie acid is decreased f rom 27.5% 
to 7.5% (Tablc I) .  At  250C, 1% Ni sa turated acids 
are increased f rom 19.8% to 23.3% and linoleic acid 
is dccreascd f rom 27.5% to 2.7% (Table I I ) .  

It  appears  tha t  conjugated hydrogenation is always 
acconlpanicd by geometrical isomerization and thus 
resembles ordinary  hydrogenat ion by gaseous hy- 
drogen. Table I shows that  heating peanut  oil with 
ethyl aleohol at 225C with 1% Ni af ter  5 hr  reduces 
the iodine value by ~ 23 units while the amount  of 
trans isomer is ]6.5%. In  an experiment  without 
alcohol but with otherwise equal conditions under  
nitrogen the amount  of trans isomer is 2% (Pb-salt  
method) af ter  5 hr. 

When the conjugated hydrogenat ion is carried out 
at 200C with 1% Ni, the reduction of iodine value is 
~ 1 3  units and the amount  of trans isomers ( IR)  is 
1.9% af ter  5 hr. These observations i l lustrate tha t  
the rate of trans isomer formation increases with tem- 
pera ture  as does the rate of hydrogenation. 

Fur ther ,  from Table I it is evident that  when the 
conjugated hydrogenat ion is carried out at 225C 
with 0.5% Ni, the amount of trans isomers is 16% 
af ter  6 hr. Therefore, t empera ture  has a greater  
effect on tile fornmtion of trans isomers than has the 
catalyst  concentration. By analogy with the gaseous 
hydrogenat ion rcacti(in (11,12), one nfight expect 
that  inereased tempera ture  when giving rise to more 
trans isomer also gives rise to more positional isonlers 
in conjugated hydrogenation.  It seems that a hydro- 
genation-dchydrogcnation mechanism is more pre- 
donfinant at higher than at lower tenlperature. I t  
might  be expected that  in conjugated hydrogenation 
positional isomcrization of tile double bond is less 
than with ordinary  hydrogenation. 

I t  is seen f rom the results that  at a par t icular  point 
a constant iodine vahle is reached despite excess of 
hydrogen donor. This value is not changed when 
using alcohol in 100% excess over the theoretical 
amount  required for  reduction of all the double bonds. 
At a par t icular  tempera ture  and concentration of 
nickel eatalyst  a ratio of alcohol-carbonyl compound 
is reached and cannot be fur ther  changed. Rush et al. 
(2) showed that  the catalyst  can be reactivated when 
changing the gas in the closed system and they assume 
that  the catalyst  has been poisoned by CO resulting 
f rom the decomposition of carbonyl compounds. 

F rom the data on Table I I I  it is seen that  with 
isoprol)yl alcohol as hydrogen donor the iodine value 
is reduced f rom 93.3 to 36.2 within 15 min, i.e., much 
faster  and fur ther  than with ethyl alcohol. The final 
iodine value of 24.7 is reached af ter  4 hr. 

This behavior is a substantial  depar tm'e  from that  
of a p r ima ry  alcohol like ethyl and n-propyl  alcohol 
and points to the easy renmval of hydrogen from 
tile secondary alcohol under  the condition of tho 
reaction. The same was observed with secondary-butyl 
alcohol in place of isopropyl aIcollo], i.e., tile dif- 
ferenee in tile molecular wcight (if the secondary 
alcohols did not change the final value. 

When using isopropyl alcohol all linoleic acid is 
redueed within 15 rain and the value of oleie acid is 
redueed by 15.7% while the saturated acids increased 
by 40.7%. A eonsiderablc, portion of linoleic acid has 
been converted to saturated acids. Although the rate 
of hydrogenation is vary  rapid  in the beginning it 
slows down to apI)roach tile final value asymptotieally.  
]n this respect eonjugated hydrogenation with 
secondary alcohol resembles that  with pr imary  ones 
and the reason may  be the same. 

Results obtained from conjugated hydrogenation 
of safflower oil with isopropyl alcohol arc shown in 
Table IV. A reduction in iodine value by 75.6 units 

T A B L E  I I I  

Analyt ical  Da ta  of Hydrogena ted  Products  Obtained from P e a n u t  Oil and Isopropyl  Alcohol; 
40 g Oil ;  8.5 g Isopropyl  Alcohol;  1 %  Ni ;  180 -190  ps ig ;  250C 

Oleic (Total)  % Trans-  Slip Per iod  of Iod ine  Linoleic % Sa tura ted  % 
hydrogenat ion,  va lue  Calcd. from isomer poin t  

hr  (Wi j s '  0.5 h r )  UV U V  & I.V. by difference by I R  % (C) 

0.0 93.3 25.0 57.7 17.3 
0.25 36.2 ...... 42.0 58.0 22.4 50.3 
1.0 35.6 ...... 41.3 58.7 21.8 51.0 
2.0 32.1 ...... 38.7 61.3 20.2 49.5 
3.0 28.0 ...... 32.5 67.5 16.9 54.0 
4.0 a 24.7 ...... 28.1 71.9 14.2 53.5 

" No f u r the r  changes af te r  4 hr. 
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TABLE IV 

Analytical Data  of Hydrogenated Products from Safflower Oil and Isopropyl Alcohol; 
40 g Oil; 13.5 g Isopropyl Alcohol; 1% Ni;  250-270 psig;  250C 

O:eic (Total) % Trans Slip Period of Iodine Linoleic % Saturated % 
hydrogenation value Ca[cd. from isomer by point by difference hr  ('vVijs' 0.5 hr) UV UV & I.V. Pb-salt % (C) 

0 144.4 74.5 12.9 12.6 
0.25 68.8 0.2 77,7 22.1 26.6 38.5 
1 64.6 0.1 73.9 26.0 27.5 38.5 
2 53.5 0.1 61,1 38.8 22.9 40.0 
3 54.1 0.1 63.1 36.8 21.9 39.7 
4 a 45.6 Negligible 51.8 48.2 19.0 41.0 

a No fur ther  change after 4 hr. 

takes place within 15 rain. The rate of the overall 
reduction is higher than with the less unsatura ted  
peanut  oil. The reaction becomes slower af ter  15 min 
and the final iodine value of ---45.6 is reached within 
4 hr. 

Within  the fast  initial period of reduction linoleic 
acid disappears  vi r tual ly  completely while oleic acid 
increases f rom 12.9% to 77.7%. A relatively small 
increase of sa turated acids f rom 12.6% to 22.1% is 
observed. At  this point  reduction of safflower oil 
seems to be more selective than that  of peanut  oil. 
I t  appears  tha t  with increased unsatura t ion of the 
hydrogen acceptor and a secondary alcohol as hy- 
drogen donor the reaction becomes more selective. In  
a more general comparison of conjugated hydrogena- 
tion one can state that for an oil rich in linoleic acid 
and reduced with isopropyl alcohol the selectivity is 
comparable to that of a less unsaturated oil using a 
primary alcohol as hydrogen donor. 

The data on the slip points of the samples are 
given in Tables III  and IV. They are a rough measure 

to the extent of geometrical and positional isomeriza 
tion in the par t ia l ly  hydrogenated products. 
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