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Abstract 
Two samples of soybean oil hydrogenated with 

copper-containing catalysts at 170 and 200 C were 
analyzed for their natural  and isomeric fa t ty  
acids. Methyl esters of the hydrogenated oils were 
separated into saturates, monoenes, dienes and 
trienes by countereurrent  distribution between 
acetonitrile and pentane-hexane. Monoenes were 
fur ther  separated into cis- and trans-isomers on 
a silver-saturated resin column. Double bond 
location in these fractions was determined by a 
microozonolysis-pyrolysis technique. The diene 
fraction was separated with an argentation 
countercurrent  distribution method, and linoleate 
was identified by infrared,  ozonolysis and alkali- 
isomerization data. The double bonds in the cis- 
monoenes were loeated in the 9-position almost 
exclusively. However, the double bonds in the 
transm~onoene were quite scattered with 10- and 
11-isomers predominating. About 86% to 92% 
of the dienes consisted of linoleate as measured 
by alkali isomerization. Other isomers identified 
as minor components include cis,trans and trans, 
trans conjugated dienes and dienes whose double 
bonds are separated by more than one methylene 
group. 

Introduction 
Hydrogenat ion of unsaturated esters in oils and 

fats with heterogeneous catalysts is invariably accom- 
panied by geometric and positional isomerization of 
residual double bonds. 

When polyunsaturated oils like soybean oiI (SBO) 
are hydrogenated with commercial catalysts, a vast 
a r ray  of both positional and geometrical isomers is 
formed (6,10). Analysis and identification of these 
isomers are difficult because they have similar physical 
and chemical properties. With the advent of counter- 
eurrent  distribution (CCD), column chromatography 
in the presence of silver ions and microozonization- 
pyrolysis techniques, it is now possible to separate 
and identify the various isomers that  are formed dur- 
ing hydrogenation (6,9,10). 

Sines copper catalysts are much more selective than 
nickel (7) for the reduction of linolenate in SBO, 
there is considerable interest in copper catalysts for  
possible commercial use. No information, however, is 
available on their effect upon "natura l"  oleie and 
linoleie acids. The analysis of two soybean oils 
part ia l ly  hydrogenated with copper catalysts is de- 
scribed in this report.  
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Experimental Procedures 

M a t e r i a l s  

Two soybean oils, part ial ly hydrogenated (IV 119- 
120) in a 2 liter P a r r  hydrogenator  with laboratory- 
prepared catalysts containing copper (8) at 30 psi 
and 170 (sample A) and 200 C (sample B),  respec- 
tively, were used in this investigation. Samples of 
each were transesterified in methanol with sodium 
methoxide catalyst, and the methyl esters were dis- 
tilled under  vacuum. Analyses of these esters are 
shown in Table I. 

A n a l y t i c a l  M e t h o d s  

F a t t y  acid compositions were determined from gas 
chromatographic curves obtained with an 11% EGSS-X 
on Gas-Chrom P (Applied Science Laboratories, 
State College, Pa.)  column and argon radium D ioniza- 
tion deteetor. Diene conjugation and per cent linole- 
hate and linoleate were measured by the AOCS official 
speetrophotometric method (2). The percentage of 
isolated trans was estimated by infrared ( I g )  absorp- 
tion of methyl esters in carbon disulfide with methyl 
elaidate as the standard. 

F r a c t i o n a t i o n  

Methyl esters (19-20 g) were separated into 
saturates, monoenes, dienes and trienes by CCD with 
an aeetonitrile, pentane-hexane solvent system as de- 
scribed previously (12). Sample B fractions were 
combined as shown in Figure  1. The analytical  data 
for  the various fractions in both samples A and B 
are given in Table II. The diene fraet ion front sample 
A was fur ther  separated by CCD between 0.2 M 
A g N Q  in 90% methanol and pentane-hexane sol- 
vent systems (11). Fract ions were combined as 
i l lustrated in F igure  2. Table I I I  contains the 
analytical data for  the various fractions. 

The monoene fractions from both samples were 
fur ther  separated into pa]mitate, trans monoenes and 
cis monoenes on a silver-saturated resin column (4). 

D o u b l e  B o n d  L o c a t i o n  

Double bond position in the cis and trans monoenes 
was determined by the microozonotysis-pyrobzsis pro- 
cedure described by Davison and Dut ton  (3). The 
mole percent  values of the different isomers based 
on the aldehyde ester fragments are plotted in 
Figure  3. 

Results and Discussion 
Analyses of esters from the two hydrogenated oils 

differed little. The oil hydrogenated at 200 C (sam- 
ple B) had more conjugated dienes than tha t  at 170 C 

T A B L E  I 

Ana lyses  of IvZeth'yl E s t e r s  of H y d r o g e n a t e d  Soybean  Oils 

Fatty acid composi t ion,  Ul t r av io le t  Alka l i  
t t yd ro -  % gas- l iquid  c h r o m a t o g r a p h y  tre~ns, con juga t ed  i somer-  

gena t ion  % diene,  i za t ion  
sample  Czs:o a Cis:o Clsa  C1s:~ C~s:~ CD % Le, % 

A 10.0 4.2 35.9 47.1 1.8 1.0 7.5 0.8 0 .7  
1=3 ] 0.3 4.1 34.8 47.0 2.0 1.9 8.1 3 .5  0.7 

a C16:o ~ pa lm i t a t e ;  Cls:o --~ s t e a r a t e ;  CJs:l ~ monoene ;  Cls:~ ~ d i ene ;  Cls:~ ~ t r i e n e  -{- eis,tran8 conjugated diene ;  CD : trt~ns,trans c o n j u g a t e d  
d iene ;  Le  ~-- l inolenate.  Sample  A = soybean  oil pa r t i a l l y  h y d r o g e n a t e d  at 170 C a n d  30 psi  w i th  a copper -chromi te  ca ta lys t  p r e p a r e d  
by  u r e a  p rec ip i t a t ion  ( 8 ) .  Sample  B = soybean  oil pa r t i a l ly  h y d r o g e n a t e d  a t  200 C and  30 psi  w i th  a copper -chromi te  ca ta lys t  p r e p a r e d  by  
sod ium bor0hydr ide  r educ t ion  ( 8 ) .  
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TABLE II 
Analyses of Fractions from Countercurrcnt Distribution of 

~eth:~l Es te r s  of Hydrogena ted  Soybean Oils  

Ul t rav io le t  
Weight .  trans, conjugated F rac t i on  % Gas- l iquid chromatography  composition, % % diene, 

% 
Sample  A 

Sa tu ra t ed  9.8 Cis:o ~ 18.4;  Cl~,~(.~) : 0.8 ; Cls:0 ---- 48.9 ; 01s:l ---~ 21.0 ; . . . . . . . . .  
0i~:o(?) : 1.0;  C~:o(~.) : 3 .9;  O~o:l(?) : 2 .6;  
O~:o (? )  = 3.5 

Monoene 40.8 C~.~:o ---- 19,9;  Cis:l  ---- 80.1 12.3 .... 
Monoene-}-diene 4.7 Cl~,:o ----- 0 .5 ;  Cls:o ~- 1 .0;  C i s : l ( ? )  ~- 0 ,4 ;  u n k n o w n  ---- 0 .3;  . . . . . . . . . .  

C~s:i ----- 34 .8 ;  Cls:s ---~ 60 .7 ;  cis, trans conjuga ted  
diene -~ 1.0;  trans,trans ~onjugated diene ~ 1.3 

Diene 43.4 Diene ~--- 97 .5 ;  cts,trans conjuga ted  d i e n e  ~ 1.3;  4.8 1.8 
trans,trans conjugated  diene ~- 1.2 (a lkal i  
isomerizat ion,  l inoleate ~- 91.8 % ) 

Tr iene  1.3 C~:e -~ 0 .8 ;  Ci~:o : 1 .4;  u n k n o w n  ----- 1 .0;  Cls:i  ~- 2 .6 ;  . . . . . . . . .  
Cls:~ -~ 13 .2 ;  Cis:s ~- 74 .2 ;  con juga ted  diene-tr iene 
6.8 (a lkal i  i somerizat ion l inolenate  ~- 6 9 . 4 % )  

Sample B 
Sa tu ra t ed  8.5 C~:o ----- 14.7;  C17:o(?) ~ 1.4;  Cls:o ~- 55.7;  Cls:l  : 16.8;  . . . . . . . . . .  

Chg:o(?) -~-- 1.1;  C~:o(?)  ~- 4 .2 ;  C~o:i ~- 2 .3 ;  C~z:o ---- 3.8 
l~[onoene 38,0 Cls:o -~ 23 ,0 ;  Cls:l ~ 77.0 18.0 .... 
I ~ I o n o e n c ~ d i e n e  5.9 Cia:o -~-- 0 .6 ;  Cl~:o ---- 3 .4 ;  C16:i(~.) ~ 0 ,2 ;  u n k n o w n  ---~ 0 .7 ;  . . . . . . . . . .  

C ~ : i  = 62,3 ;  Cls:s ---- 29 .4 ;  cis,tra.ns con juga ted  dicne 
1.1;  trans,trans conjuga ted  diene --~-- 2.3 

I ) iene  46.4 Diene  ----- 91 .0 ;  cis,trans conjugated  diene ~--- 4 .4 ;  5.3 6,7 
trans,trans conjugated  diene ---~ 4.6 (a lkal i  
isomerizat ion,  l inoleate ~- 8 6 , 6 %  ) 

Tr iene  1.3 C1~:s ~ 0.5;  G~s:Q ---- 0 .3 ;  unl~nown ~ 0 .5 ;  Cls:i  ~- 1 ,8;  . . . . . . . . . .  
Cls:2 --~ 19.0;  Ois:a ---- 65 .6 ;  trans,trans con juga ted  
dlene ----- 0 .9 ;  conjugated  dicne-tr ienc ~ 11.4 (a lka l i  
isomerizat ion,  l inolenate  ~ 6 1 . 5 % )  

(sample A) (Table I). Even though both samples 
contained about 0.7% linolenate as measured by alkali 
isomerization, gas-liquid chromatography (GLC) in- 
dicated higher values. This difference was due to 
cis,trans conjugated dienes that elute along with 
trienes on GLC. In the isolated triene fractions 
(Table II) ,  which art  relatively free of interfering 
conjugated dienes, the GLC and alkali isomerization 
values were in reasonably good agreement. 

Since CCD of the methyl esters (Table II) yielded 
only small amounts of triene, no further analyses were 
made except GLC and alkali isomerization. About 
8% and 15% of the triene in samples A and B, 

respectively, had two double bonds in conjugation. 
Presumably the rest of the triene was linolenate. The 
diene fractions from both samples contained minor 
amounts (5%) of trans isomers. Ultraviolet analysis 
following alkali isomerization showed that 92% of 
the diene in sample A (87% in sample B) was lino- 
leate. The diene from sample B contained more 
conjugation (6.7%) than the diene from sample A 
(1.8%). In both, the monoene fractions contained 
some palmitate, which was removed as a separate 
peak during silver-resin chromatography. Minor com- 
ponents of saturated fat ty acids present in SBO were 
concentrated into saturate fractions. The identifica- 
tion of these acids was based only on the retention 

T A B L E  I I I  
Analyses of Diene F rac t ions  (Sample  A)  

F r a c t i o n  I I I  I I I  I V  Y V I  V I I  

Weight ,  % 3.3 3.1 26,4 33.5 19.9 11.8 1.9 

trazcs, % 21.3 13.5 3'.,9 3.4 40.8 
U l t r av io l e t  

time on GLC and, hence, should be regarded as 
tentative. C17 and C19 saturated acids corresponded 
to less than  0.1% of the original SBO While the C26 
and C22 acids comprised about 0.3%. C12 and C14 
saturated acids, concentrated in triene and monoene- 
dicne fractions, respectively, represented only trace conjuga ted  

diene, % 
Alkal i  isomer- 

ization, 
linoleate, % 92.3 99.8 97.4 96,7 92.3 7,2 palmitate, trans monoenes and cis m o n o e n e s .  

46.1 amounts of the SBO. 
The monoene fractions were further separated into 
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FIG. 1. Countercurrent dishdbution of hydrogenated soybean oil methyl esters (sample B) with aeetonitrile and pentane-hexane. 



KORITALA AND DUTTON: HYDROGENATION OF SOYBEAN OIL 247 MAY, 1969 

30, 

25 

J g (  z I ~ ~ '  ~ I 
) '  I I ' ~ 1  I "i 

o ~  

,,15 

.,-10 

I I I I I I I I I 
200 250 300 350 400 450 500 550 600 650 

Transfer No. 
FIG. 2. Countercurrent distribution of dienes from sample A between 0.2 ~ AgNO8 in 90% metha.nol and pentane-hexane. 

double bonds in the cis monoene fraction were located 
almost exclusively in the 9-position. Apparent ly  the 
original oleate in SBO remained unchanged during 
hydrogenation. Also, only minor amounts of cis 
monoenes were formed from the polyunsaturated fa t ty  
acids during partial  hydrogenation. The double bonds 
in the trans monoene fractions (Fig. 3) were quite 

scattered with ±1o and A n isomers predominating. 
As expected, the trans monoene from sample B, which 
had been hydrogenated at the higher temperature, 
showed considerably more scattering of the double 
bonds. Therefore, since more of the objectionable con- 
jugated dienes also were formed at the higher tern- 
perature, low-temperature hydrogenation is preferable 

L Sample A Sample B 
24 I I I I 

2O 

16 

.~12 

0 
7 8 9 10 11121314 4 5 6 7 8 9 10 1112131415 

Double bond Position 
Fro. 3. Double bond distribution in trans monoenes. 
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TABLE IV 

Calculated Composition of Two Hydrogenated 
Soybean Oils 

Weight, % 

Ester Original Sample Original Sample 
SBO A SBO B 

Palmitate 10.0 10.0 10.3 10.3 
Stearato 4.2 4.2 4.1 4.1 
Oleate 26.0 30.4 22.7 26.7 
trans-i~ilonoenoate 5.5 8.1 
Linoleate 5215 43.2 g414 40.7 
Conj. dienoate ...... 0.89 ...... 3.5 
Isolinoleate 5.2 6.0 
Linolenate "713 0.7 '810 0.7 

for the selective hydrogenation of SB0 with copper 
catalysts, all other conditions being equal. 

The diene fraction from sample A was fractionated 
by CCD with a silver nitrate system (Fig. 2), and 
the different fractions were analyzed (Table I I I ) .  
Fractions III,  IV and V were combined because they 
were nearly pure linoleate as measured by alkali 
isomerization. IR analysis of the combined fraction 
showed only traces of t rans  isomers (3.9%). 0xida- 
tive ozonolysis (1) followed by GLC analysis of the 
mono- and dicarboxylic acids as their methyl esters 
showed that the double bonds were located at the 
9- and ]2-positions. Apparently this combined frac- 
tion consisted essentially of ]inoleate. Fraction I, 
which comprised 3.3% of the diene, was composed 
chiefly of conjugated dienes. Fraction VII, which 
amounted to 1.9% of the diene, contained 40.8% 
t rans  and little alkali isomerizable diene (7.2%). 
Nuclear magnetic resonance analysis (5) indicated 
that 56.5% of the molecules had unsaturation at the 
15-16 bond. Therefore, this fraction largely consisted 
of diene in which the double bonds are separated by 
more than one methylene group. From the analysis 
of all fractions, the approximate composition of the 
hydrogenated SBO methyl esters was calculated. The 
composition of the original SBO and the calculated 
composition for the hydrogenated oil are shown in 
Table IV. 

The composition of hydrogenated oil was calculated 
as follows: Because there is no increase in saturates, 
they are present in the same amounts as in the original 
SBO esters. The monoene fraction from CCD analyzed 
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15.4% t rans  when corrected for palmitate (sample 
A, Table II) .  Sample A contained 35.9% monoene; 
therefore, the amount of trains monoene in sample A 
is 35.9 × 0.154 = 5.5%. The remaining monoene is 
oleate since double bonds are located in the 9-position 
for the cis monoene fraction. Conjugated dienes were 
established by ultraviolet analysis (Table I).  Also, 
91.8% of the diene is tinoleate as measured by alkali 
isomerization (sample A, Table II) .  Sample A con- 
tMns 47.1% diene; therefore, 47.1 × 0.918 = 43.2% 
is linoleate. Alkali isomerization showed 0.7% lino- 
lenate. The remaining polyunsaturated acid ester is 
assumed to be isolinoleate. 

A comparison of the copper hydrogenated SBO 
from this work with nickel hydrogenated liquid oils 
(6,10) indicates that the esters formed during hy- 
drogenation are similar. However, because of the 
superior selectivity of copper catalysts, the linolenate 
content of SBO can be reduced to less than 1% 
with formation of only about 8% t rans  isomers. 
On the other hand, nickel hydrogenated SBO con- 
tained 2-4% linolenate and considerably more trans 
isomers (12-15%). Copper catalysts have the added 
advantage of minimizing reduction of the desired 
linoleate. 
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