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T 
HE F O R M A T I O N  Of positional isomers dur ing  the 
hydrogenat ion of oleie acid and its esters has 
been regarded as a fact  almost since the process 

of hydrogena t ing  oils was discovered. In  1913 Lewko- 
witseh (13) suggested that  the iso-oleie acid formed 
dur ing  the hydrogenat ion of oleic acid was a positional 
isomer. At  a later  date Moore (14) examined ethyl 
oleate which had been par t i a l ly  hydrogenated  with the 
aid of pa l lad ium and nickel catalysts and concluded 
that  some of the residual double bonds occurred in the 
11- and possibly 10-position of the f a t t y  acid groups. 
Hildi teh and Vidyar th i  (11) repor ted that  the par t ia l  
hydrogenat ion of methyl  oleate yielded some iso-oleie 
acid groups having double bonds in the 8- and 10-po- 
sitions. Subsequcnt ly  others have offered additional 
evidence tha t  migrat ion of the double bond does occur. 
However  evidence as to the proport ions of double 
bonds involved and the distances of their  migrat ions 
along the carbon chain was obtained only recently. 
Boelhouwcr et al. (4) published data on the migrat ion 
of double t)omls dur ing the hydrogenat ion of methyl  
oleate, elaidinatc, and petroselinate. As an extension 
of this investigation, Knegtel  et al. (12) developed ad- 
ditional data  on the migrat ion of double bonds dur ing 
the hydrogenat ion of methyl  oleate. In  both investiga- 
tions hydrogenat ion was carried out at about  180~ 
and 3% by weight of a 20% niekel-on-kieselguhr cat- 
alyst  was used. Allen and Kiess (2) investigatcd tile 
migrat ion of double bonds dur ing  the hydrogenat ion 
of oleic acid, elaidic acid, and methyl  oleate. Only one 
type of catalyst,  reduced nickel formate,  was enl- 
ployed. A single hydrogenat ion was. carried ont with 
each compound and samples were wi thdrawn at vari-  
ous iodine values. Appa ren t l y  no one has investigated 
the effect of the operat ing conditions on the migrat ion 
of double bonds dur ing the hydrogenat ion of oleie 
acid or oleates. The only investigation which nlight 
be considered to be even remotely in this category was 
carried out in our  laboratory  with cottonseed oil, a 
product  which contains about  25% oleic acid among 
its component  f a t t y  acids (5).  

The purpose of the present  investigation was to ob- 
tain data on the shift  of double bonds dur ing  the 
catalytic hydrogenat ion of methyl  oleate under  various 
operat ing conditions. A single prepara t ion  of methyl  
oleate was employed. The varied operating" conditions 
were tempera ture ,  ra te  of hydrogen dispersion, type  
of catalyst, and catalyst  concentration. 

Experimental 
Materials. The methyl  oleate was p repared  f rom a 

commercial pecan oil of good quality. 
P r e s e n t e d  a t  the  50th  A n n u a l  Meeting',  A m e r i c a n  Oil Chemis t s '  So- 

ciety, N e w  Or leans ,  La. ,  Apr i l  20 22, 1959.  
2 One  of the  l abora to r ies  of the  Sou the rn  Ut i l iza t ion  R e s e a r c h  and 

Deve lopmen t  Div i s ion ,  A g r i c u l t u r a l  R e s e a r c h  Service,  U. S. D e p a r t m e n t  
of Agr icu l tu re .  
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To convert the pecan oil into mixed methyl  esters, 
4,000 g. of it were added to 900 g. of absolute metha- 
nol, which previously had been t rea ted  with 14.0 g. 
of sodium. The methauolysis  was allowed to proceed 
for  2 hrs. at 50~ Theu the product  was washed 
successively with dilute acetic acid and water.  Mixed 
esters were dried and passed through a pot still. Tile 
distilled esters were crystallized f rom acetone, once 
at  -60~  once at  -37~  aud twice again at  - 6 0 ~  
The crystall ization at - 3 7 ~  was carr ied out by using 
10 ml. of acetone pet" 1 g. of esters while those at 
- 6 0 ~  were carried out by using 15 ml. per  1 g. 
All proport ions were based on the original weight of 
the me thy l  esters. In  the - 3 7 ~  crystall ization the 
precipi ta te  was discarded;  in the - 6 0 ~  crystalliza- 
tions the filtrates were discarded. The methyl  oleate 
f rom the crystall izations was rcdistilled to obtain a 
final yield of 1,650 g. wilh an iodine value of 83.0 
(theoretical,  85.6), a liuoh,atc conlcnt of 0.13%, and 
a trans isomer content of 0.0%. Propyl  gallate iu the 
amount  of 0.01% was adde/l as an antioxidant.  

The electrolytic nickel catalyst,  which was llsed ill 
most of the hydrogenations,  was a c(/mmcrcial prod- 
uct of the suppor ted  type prepared by d ry  reduet io , .  
I t  was obtained from the (l irdler Conlpany. The hard  
fa t  in which the catalyst  had [}(~Cll suspended by the 
manufac tu re r  was removed t)eforc each hydrogenation.  

The W-5 nickel catalyst  was prepared  essentially 
according to the mctho(] of Allkins and Billiea (1). 
This catalyst,  which is a suspensio,  of Raney  nickiq 
ill ethanol, is claimed to have a very high activity.  

[Pile pa l lad ium catalyst,  which was obtained from 
Baker  and Company Inc., was of the carbon-supported 
type and contained 10% by weight of the metal. 

The sulfur-poisoned nickel catalyst  was p repared  by 
the procedure of Ziels and Sehmidt  (17). Nine grams 
of su l fura ted  oil, p repared  by reacting 5 g. of sulfur  
and 500 g. of refined cottonseed oil for  2 hrs. at 95~ 
followed by another  2 tlrs. under  nitrogen at 180'~ 
was mixed with 500 g. of fresh cottonseed oil and 
electrolytic nickel catalyst  containing 25 g. of nickel. 
This mix ture  was hydrogenatcd to an iodine value of 
86. The sulfur-poisoned nickel catalyst  was removed 
by filtration. 

Hydrogenation Apparatus  and l'rocc(h~r< The hy- 
drogenations were carried out in a glass vessel 28 ram. 
in diameter  and 200 ram. long. The top of the vessel 
was fitted with a 29//42 s tandard  taper  joint, tile up- 
per  pa r t  of which was equipped with hydrogen inlet 
and outlet  tubes and a thermocouple well. The hydro- 
gen inlet tube and thermocouple well extended to 
,lear the bottom of the vessel. The rate of gas dis- 
persion was varied by using two different inlet tubes. 
One was equipped w i t h  a small, flat, fr i t ted-glass 
disk (good dispersion) while the other was drawn 
down to a relat ively small diameter  (poor dispersion).  
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T A B L E  I 

O p o r a t i o n t d  a n d  A n a l y t i c l d  Dl~.ta on  t i l e  U y d r o g e n a t i o n  of  M e t h y l  O l e a t e  

I-[yd r o f f e n a t i o n  ( ' o n d i t i o n s  
. . . . . . . . .  I H y d r o g  [ 

l~un  ~ I /dl~tldyst I H y(ti-og I t i m e ,  } 
. . . . . .  ~>~{P" I . . . .  I d isp er" I rain. I 

1 9 0 "  / 0 ,2  NI L o w  / 8 5 7  / / 
2 1 1 0  (I,2 Ni H i g h  1 4 8  / 
3 170 0.2 Ni H i g h  28 
4 2 0 0  I 0 .2  Ni H i g h  21 
5 170 I 0.8 Ni H i g h  25 
6 170  0 .2  Ni L o w  4 4  
7 1 7 0  0 .2  Pd t t i g h  23  

1 7 0  9 . 2  N int- S a l l i g h  63  
9 '~ :~0 3 .4  W - 5  Ni I I l i g h  6 5  

10 e :~0 ( :1.4 I W - 5  Ni / [ l ' i ~h  / 4 5  

~ _  I ' rr  ...... Ir,.,n.~ 
o a m e  I isomc;rs ,  I boml s ,  a 
v~aue wt. % %, 

5 4 . 5  1 3 . 5  2 1 . 2  
49.7 22.S 39.3 
4 9 . 8  ] 4 0 . 3  / 6 9 . 3  
4,1t.2 :19. l 6 8 . 0  
5t).(/ 4 1 , 0  / 7 0 . 2  
4 8 . 6  3 9 . 6  6!).7 
4 8 . 4  3 8 . 5  I 68 .1  
5 0 , 6  4 0 . 9  6!) .2 
3z.7 13.3 34 . s  

S;I,0 i 0 . 0  / 0 .0  

C o m p o s i t i o n  of  d i c a r b o x y l i e  a c i d s  o b t a i n e d  on 
o x i d a t i o n  of  iLcyl g r o u p s ,  ree l  cA> 

C .  I* (~7 Cs (2, the  CIJ I ' ,z  Cia ( h i  

0 . 0  2 .0  1 1 . 9  7 4 . 5  11 .5  0 , 0  0 . 0  0 .0  0 .0  
0 . 0  5 .9  1 5 . 7  6 2 . 0  1 3 . 6  2 ,8  0 . 0  0 .0  0 .0  
0 . 0  1 1 . 0  17 .5  23. '1  19.1 9 . 6  7 .2  6 .6  5.111 
2 .1  1 3 . 6  1 6 . 7  1 6 , 7  1 6 . 7  1 1 . 5  8 , 4  6 ,7  7,5 
O.0 1 0 . 3  15 .3  16 .1  1 6 . 5  1 1 , 6  9 .1  8 .7  12 .4  
3 .5  1 0 . 7  1 8 . 3  1 7 . 9  .17.9 14 .2  9 . 4  5 .7  2 .4  
4 . 9  9 .9  10.`() 1 2 . 7  1 8 . 0  1:1.7 1 1 . 7  9 .7  8 .5  
0 . 0  1 2 . 5  2 1 . 8  2 3 . 7  1 8 . 7  13 .3  5 .9  4 .2  0.O 
0 . 0  16 .6  16 .1  5 4 . 4  9 , 6  3 .8  0 . 0  0,()  11.0 
0 . 0  1 0 . 7  17. '1 6 2 . 8  9 .3  . . . . . . . . . . . . . . . .  

t l r i ~ i n l d  I i le thyl  oleatt~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .0  

a l l a s e d  on  fliP. t o t a l  n a l i I b e r  Of t!l~,~ l i l ld  t r (~ns  b o n d s .  
b A I )o r t ion  of  t h e  C ,  d i b a s i ( '  a c i d  w a s  lo s t  d u r i n ~  tit(! a n a l y s i s .  
" T ( ! l l l p l ! r a t / l ro  v a r i e d  w i t h i n  --+10~ as  r ( ~ u i r e d  to m a i n t a i n  r easomtbh~  rat(~ ~lf r e l u ( ' t i ~ m .  
,I N i c k e l  p o i s o n e d  w i l h  s u l f u r .  
~" m 25-i111. so l l l l i o l l  of  n l l ! thyl  ol(qttl! a n d  e t h a n o l ,  1 : 1  by  wt . ,  w a s  h y d r o l g l m a t o d .  ( : a t a l y < t  ( 'on( .on[ l ' a t io l l  \vilN c a l c u l a t e d  on a n l e thy l  oh , a r t  bas i s .  

The saniph! to be hydrogenated was heated ele(.- 
trieally. Mallilmlati(in of the voltage control and the 
(tellth of the glass vessel in the heating niantle per- 
mitted t empera lu re  control to within +_+I~ 

I Iydrogen was passed through the sample at a rate 
of approximate ly  425 ml. /min,  by means of a Sigma 
IIump and suitable exlnlmetions and bypass lines. Ex- 
ee~ hydrogen w~as re, cycled. The rate of flow and the 
amount  of hydrogen absorbed were measured, respec- 
tively, by a t e l emete r  and by the loss of vohune in a 
small gas-holder. Good mixing of the, ester and cata- 
lyst was ensured linder all conditions by tit(, rate of 
gas flow. 

To make a run, 25 g. of methyl  oleate and the de- 
sired amount  of catalyst  werc placed in the glass 
vessel; and the entire system, inchnling the samph,, 
was thoroughly flushed with hydrogen.  The salnl)le 
was then heated to the, proper  temperature ,  and the 
reaction was started. Whcn tile predetermined amount 
of hydrogen had been remow~(1 fronl the gas hohler, 
the flow was stopped, the samlfie was cooled to about 
room temperature ,  and the catalyst  was removed by 
filtration. Each sample was stored under  hydrogen 
in a re f r igera tor  unt i l  analyzed. 

Methods  of Analys i s .  Tile analyt ical  techniques em- 
ployed to determine the positions of the double bonds 
have been described previously (5) and can be sitm- 
marized as follows: 

A 2-g. port ion of each hydrogenated sample was 
dissolved in 100 ml. of ethyl acetate, cooled to - 5~  
and ozonized, using 6 -7% ozone in oxygen, until the 
reaction was complete, as judged by the effect of the 
spent gas on a potassium iodide solution. Then 10 ml. 
of 30% hydrogen peroxide were added to the ozonides, 
the mixture  was refluxed for 1 hr., and the solvent 
was removed by evaporat ion under  nitrogen. 

The resul t ing produc t  was refluxed for 1 hr. with 
a 10% excess of alcoholic potassium hydroxide.  Then 
the ethanol was evaporated under  ni t rogen while the 
volume was kept  constant  by the addit ion of water.  
The ethanol-free soap solution was acidulated, the 
f a t ty  and dibasic acids were extracted with ethyl 
ether, and the ether was evaporated. The residual 
mixture  of mono- and dibasic acids was dissolved in 
200 ml. of a 5% ter t -amyl  alcohol-in-chloroform solu- 
tion, and 5-ml. port ions were analyzed on each of two 
types  of chromatographic  columns, using modifica- 
tions of the techniques described by  Higuchi  et r 
(10) and Corcoran (6).  

The percentages of C6 through C1o dibasic acids 
were determined with a column of silicie acid mixed 

1.7 7.S 00.6 0.0 . . . . . . . . . . . . . . . .  

with a citrate buffer (25 g. of acid plus 18.75 inl. of 
1 M citrate of p H  5.4{)). Percentages of Cll through 
C14 dibasic acids were determined by using a cohunn 
of special silieic acid mixed with a glyeine buffer 
(25 g. of acid plus 16.5 ml. of 2 M glycine of p l l  
8.50). Both columns were cluted first with chloro- 
form, then with solutious of butanol in chloroform hi 
which the concentration of butanol was in~'reased 
progressively. 

Trans  isomers were determined by a nlodification 
(8) of the inf rared  spectrophotometr ie  method of 
Sweru et al. 116). 

Results and Discussion 
U c n e r a l  C o n s i d e r a t i o n s .  The u n h y d r o g e n a t e d  

nrethyl oleate was found on analysis to have 7.8% of 
its double bonds in the 8-position of the fa t ty  acid 
chain (Table [ ) .  Somewhat  similar analyses have 
bce, u encountered by other investigators and attrib- 
uted either to a limited migrat ion of the double bonds 
dur ing  the prepara t ion  of the oleic acid (2) oi" to the 
presence of 8-octadeeenoie acid in the g]ycerides of 
some na tura l  fa ts  (3). The percentage of double 
bonds in the 8-position of the methyl  oleate repre- 
sented in Table [ does not appear  to be the result 
of a f au l ty  method of analysis. Cottonseed oil ana- 
lyzed by the same procedures  yielded only the C~ 
dibasic acids. 

The mole percentages of the dibasic acids (TaMe I)  
are estimated to be reproducible to within about 3 
percentage units. In  calculating the mole percentages, 
the t i t ra t ions for each peak of the t i t rat ion curves 
were corrected by subtract ing the blank titrations. 
Ti t ra t ions  between peaks were disregarded.  By  this 
procedure the combined acidity of the individual 
components eluted f rom the columns equaled 90 to 
110% of the amount  of the acidity to be expected on 
the basis of a t i t ra t ion of the original mixture  of 
f a t ty  and dibasic acids. 

The percentages of the C~ dibasic acid represented 
in Table [ are lower than the actual  percentages of 
double bonds in the 6-position. Tests indicated that  
the ether extraction of the acidulated soap solutions, 
as described above, did not remove all of the C6 dibasic 
acid. Because the percentages of C6 dibasic acid found 
were small, this fai lure to extract  it completely did not 
have a significant effect on the relative proport ions 
of the C7-C,4 dibasic acids found. No difficulty was 
encountered in extract ing the C7 dibasic acid. 

Each hydrogenat ion was essentially a zero-order 
reaction, that  is, the decrease in iodine value was 
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directly propor t ional  to the reaction time. However  
this reaction order was not a t t r ibutable  to the same 
opera t ing variable in each hydrogenat ion.  From the 
data in Table I it appears  tha t  t empera tu re  was the 
ra te-determining factor  in two hydrogenations.  The 
type of catalyst  or rate of hydrogen dispersion ap- 
peared to be responsible in others. 

Effect of Operating Conditions on Extent of Migra- 
tion. Hydrogena t ion  Runs 1 through 4 (Table I)  
show the effect of t empera tu re  on the migrat ion of the 
double bonds. Run I can be included in the compari-  
son because the reaction time, 857 min., was so h)ng 
that  the rate of hydrogen dispersion had no signifi- 
cant effect on the course of the reaction, a conclusion 
which is suppor ted  by a comparison of Runs 3 and 6. 
The pa t te rn  of distr ibution of double bonds in the 
samples of hydrogenated methyl  oleate f rom Runs 1 
through 4 is also shown in F igure  1. 

8 0  r i i i [ r 

7 0  

6 0  

5 0  f 

z 4 0  
0 

3 0  

20  

I 0  

s 
7 8 9 I 0  II 12 13 14 
P O S I T I O N  OF DOUBLE B O N D S  

Flit. 1. Distr ibut ion of double bonds at  diffcre, nt hydrogelm- 
lion temperatures:  90~ l ;  110~ 2; 170~ 3; 200~ 4. 
Curve numbers refer to run mmd)ers in Table J. 

As the t empera ture  was increased progressively 
f rom about 90~ to 200~ the proport ion of resid- 
ual double bonds in the 9-position at an iodine value 
of approx imate ly  50 decreased f rom 74.5 to 16.7%. 
As the t empera tu re  increased, double bonds were 
found at  increasing distances away f rom the 9-posi- 
t ion; arid at  200~ they were found spread f rom the 
6- through 14-positions. Some double bonds probably 
migra ted  beyond these I)ositions, but this could not t)e 
established by the method of analysis employed. 

The tempera ture  of 9()~ was the practical lower 
limit at  which the electrolytic nickel catalyst  couht 
be employed. The W-5 nickel catalyst  was active at  
the much lower t empera tu re  of 30~ As will be dis- 
cussed below, its mode of action was apparen t ly  dif- 
ferent, and runs  made with it cannot p roper ly  be con- 
sidered as pa r t  of the series made to determine the 
effect of temperature .  Nevertheless it is interest ing to 
note tha t  an hydrogenat ion carried out at 30~ with 
nickel catalyst  still produces a sizable migrat ion of 
double bonds, 

The data  f rom Runs 1 through 4 should provide 
some informat ion as to the degree to which the mi- 
gration of double bonds in oleic acid-containing tri- 
glyeerides can be controlled under  plant  conditions 
by va ry ing  the temperature .  Most of the t empera ture  

ranges used for  Runs 1-4, the catalyst,  and  the con- 
centrat ion of catalyst  are encountered in commercial  
practice. However  it must  be remembered tha t  under  
a given set of conditions the doable bond in methyl  
oleate isomerizes faster  and more extensively than 
does the double bond in the oleoyl group of an ordi- 
na ry  tr iglyceride.  

B y  compar ing the data f rom Runs  3 and 5, in- 
format ion  can be obtained on the effect of catalyst  
concentrations. [Iicreasing the catalyst  concentrat ion 
front 0.2 to 0.8% lowered the propor t ion  of residual  
double bonds in the 9-position f rom 23.3 to 16.1% 
and increased slightly the proport ions of double bonds 
in the 10 and higher positions. Increas ing the cata- 
lyst concentrat ion decreased, f rom 28 rain. to 25 rain., 
the reaction time required to reach an iodine value of 
approx imate ly  50, indicat ing tha t  in both runs  the 
hydrogenat ion system was well supplied with cata- 
lyst and that  the rate of dispersion of hydrogen in 
the oil largely  controlled the reaction rate. However  
it is doubtful  that  other catalyst  concentrations would 
have produced great ly  different pa t t e rns  of distribu- 
tion of the double bonds. Cata lys t  concentrat ion is 
general ly  recognized to be less effective than temper-  
a ture  as a tool for changing the propert ies  of a hy- 
drogenated oil. 

The effect of rate of hydrogen dispersion on the 
pa t te rn  of distr ibution of the double bonds can be 
determined f rom Runs 3 attd 6. The low rate  of hy- 
drogen dispersion, Run 6, resulted in a lower percent- 
age of residual double bomls in the 9-position and in 
the migrat ion of some (h)ubh~' bonds to the 6-position. 
The, high rate of hydrogen dispersion apparen t ly  did 
not produce doubh,, t)onds in the 6-position. 

Comparison of Runs 3, 7, and 8 reveals the effect 
of three types of catalysts on the pat terns  of distri- 
bution of the residual double, bonds. From Runs 3 
and 8 it is evident that  l)oisoning the electrolytic 
nickel cata lys t  with sulfur  had pra(.ti( 'ally no effect 
on the pa t te rn  of distritmtion even though the h y d r o -  
genation t ime was increased from 28 miu. to 63 rain, 
Use of the pal ladium catalyst  in place of electrolytic 
nickel did produce a (liff(wcnce in the pa t t e rn  of dis- 
tribution. The percentage of residual double bonds in 
the. 9-position decreased froln 23.3 to 12.7, and the 
(hmble bonds ar ranged themselves more or less evenly 
among the 7- thcough 14-positions. A relatively large 
per(~entage was found in the (i-position. 

The behavior of the thr(,(, (.alalysts is not quite in 
agreement  with that  observe<t when the same catalysts 
were used under  similar conditions in the hydrogen- 
ation of methyl  linoh,ate (7).  With  the la t ter  com- 
pound the three catalysts produced essentially the 
same pa t t e rn  of distribution <)f d(>uble bands. 

Hydrogena t ion  Runs 9 and 10, which were carried 
out with the W-5 nickel catalyst,  yielded products  
which differed in at least one respect froin those 
obtained in the other eight runs carried out with the 
electrolytic nickel, sulfur-poisoned nickel, and pal- 
ladimn catalysts. In Runs  9 and 10 those double bonds 
which migra ted  moved most ly  to the 7- and 8-positions. 
Because the presence or absence of ethanol was found 
in another  hydrogenat ion (7) to have no effect on the 
movement  of double bonds, it might  be concluded at 
this t ime tha t  the unique behavior was caused by the 
catalyst.  

Direction of Migration of Double Bonds. Earl ier  
investigators have come to the conclusion that  dur ing 
the hydrogenat ion of methyl  oleatc the migrat ion of 
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double bonds takes place equally in both directions 
f rom the 9-position. Allen and Kiess (2) found that  
percentages of the 7- and 8-isomers always equalled, 
respectively, the percentages of the l l-  and 10-iso- 
mers. As hydrogenat ion proceeded, the propor t ion of 
each of the 7- through 11-isomers approached 20%. 
Knegte l  el al. (12) also agreed tha t  migrat ion pro 
ceeded equally in both directions. Their  conclusion 
was based on a determinat ion of the pereentagcs of 
double bonds in the 6- through 12-positions of sam- 
ples hydrogenated  progressively to an iodine value 
of 48.1. This  conclusion regard ing  the direction of 
movement  undoubtedly  was correct  under  the experi- 
mental  conditions which were described, provided it 
was limited to the residual double bonds found 
a f te r  hydrogenat ion.  [ f  a very precise metho(1 of 
d(~tcrmining tile positions of all double bonds were 
available, it might  be possible to show that  the resid- 
ual doullle I)on(ls found af ter  hydrogemgion  are sel- 
dom distr ibuted equally on both sides of tile original 
position. 

The fact  is generally accepted tha t  as a double bond 
is moved fa r the r  away f rom the ester or earboxyl 
group its rate of hydrogenat ion increases. Pigulcvskil 
and Antamonov  (15) apparen t ly  were the first to offer 
exper imenta l  tlroof when they I)repared 2-, 3-, (i-, and 
9-octadecenoic acids and with their  aid demonstrated 
tha t  the rate  of hydrogenat ion increased with the dis- 
tance of the double bond f rom tile carl)oxyl grout). 
Evidence is also available that,  under  at  h'ast some 
of the opera t ing  conditions represented in Table [, 
the preferent ia l  reduction of the outer  bonds sh(mtd 
occur to a measurable and significant degree. Simila," 
exper iments  with hydrogenat ing  methyl  li,mlcate (7) 
showed that  the percentage of double bonds remain- 
ing in the original 9-position exceeded significantly 
in a number  of instances the percentage remaining 
in the original 12-position. Consequently the finding' 
that ,  in the hydrogenated  samples obtained in R,un~ 
1 through 8 (Table I )  the percentage of double bonds 
in the 7- and 8-positions general ly  equalled the tler- 
eentage in the 10- and 11-positions, must  mean that  the 
amount  of migrat ion dur ing hydrogenat ion was not 
equal in both directions and that  the greater  number  
of double bonds actual ly  migra ted  away f rom the 
ester group. 

I t  might  be noted that  the preferent ia l  hydrogena-  
tion of the double bonds far thest  f rom the ester group 
would ensure most of the donble bonds eventual ly 
migra t ing  away f rom the ester group even if the di- 
rection of migrat ion of the individual  bonds in the 
different positions were pure ly  a ma t t e r  of chance. 

There  is other evidence tha t  in Runs  1 through 8 
the grea ter  number  of double bonds migra ted  away 
f rom the ester group. The original methyl  oleate con- 
ta ined 7.8% of the 8-isomer. Hence, if the percentage 
of the 7- and 8-isomers general ly equalled the percent-  
age of 10- and l l - i somers  af ter  hydrogenat ion,  the 
double bonds could not have migra ted  equally in each 
direction. 

In  hydrogenat ion  Runs 9 and 10, which were ear 
ried out with the W-5 modificatio.n of the Raney  
nickel catalyst,  the 7- and 8-isomers definitely ex- 
ceeded the amounts  o.f 10- and l l - i somers  in the end 
products .  However  this does no.t necessarily mean 
tha t  in these two runs  the greater  proport ion of dou- 
ble bonds migra ted  toward the ester group. I t  is not 
known to what  degree each of the different isomers 
was hydrogenated.  
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FIG. 2. Effect of tcml)crature oi1 the formation of trans iso- 
mers during the hydrog(mation of methyl oleMc with 0.25% 
electrolytic nickel etttalyst and good dispersion of hydrogen (9). 

Trans  Isomers. The hydrogenat ion conditi(ms which 
have been found to cause an increase in the formation 
of positional isomers also have been found to cause an 
increase in the format ion of geometrical isonmrs (9). 
Geometrical  isomerization, like positiomd isomeriza- 
tion, usual ly occurs at  a rap id  rate.  The ratvs at 
which trans isomers are formed dur ing  tim hydrog(~w 
ation of methyl  olcate have been ineasur('(t t amer  
opera t ing conditions similar to those emllh)yed in the 
present investigation; the same electrolytic ni(;k(,l (~at- 
a]yst and a similar hydrogenat ion appara tus  were 
eml)h)yed (9). Da ta  f rom this earlier investigation 
are shown graphical ly in J0'igure 2. 

The s t ra ight  line portions of the trans isomers vs. 
methyl  s tearate  curves represent  the region in which 
the rat io  of trans to cis isomers has reached equilib- 
r ium;  and the proport ion of trans isomers present is 
67%, based on the total  amount  of unsa tura ted  esters 
present.  Also Allen and Kiess (2) have shown that  
each positional isomer formed dur ing  the hydrogena-  
tion of methyl  oleate contains 67% trans bonds. With 
this background the proport ions of trans isomers 
found in Runs 1 through 10 are readi ly  explained. 

In  most of the hydrogenated samples the cis-trans 
isomerization had reached equil ibrium when the hy- 
drogenation was stopped at  an iodine value of about 
50, which iodine value corresponds to the formation 
of about  40% methyl  stearate. Hence the proportion 
of trans bo.nds was approx imate ly  67%. 

In  the low-temperature  hydrogenations,  Runs 1, 2, 
9, and 10, equilibrium never  was reached. In  these 
runs  the proport ions of trans isomers found were not 
proport ional  to. the degree of hydrogenat ion or the 
amount  of positional isomers found. The proport ions 
of trans and positional isomers could not be correlated 
because va ry ing  proport ions of the original cis bonds 
in the 9-position also were converted to trans bonds. 

Summary 
To obtain informat ion on the influence of the oper- 

ating" variables on the migrat ion of double bonds 
dur ing  the hydrogenat ion of the oleoyl group, a series 
of exper iments  was carried out with purified methyl  
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oleate. Using a dry-reduced,  electrolytic nickel type 
of catalyst,  hydrogenat ions  were carried out at  vari- 
ous catalyst  concentrations, temperatures ,  and ra tes  of 
hydrogen dispersion. Hydrogenat ions  also were con- 
ducted with three other catalysts:  the electrolytic 
nickel a f ter  poisoning with sulfur,  palladium, and 
highly active Raney  nickel. The reactions usual ly 
were stopped at  an iodine value of about  50. 

Of the several variables, t empera tu re  was found to 
have the most marked effect; as the t empera tu re  in- 
creased f rom about  90 to 200~ the propor t ion  of 
double bonds remaining  in the 9-position decreased 
f rom about 74 to 17 %. Increas ing  the amount  of cata- 
lyst  and decreasing the rate  of hydrogen dispersion 
increased the amount  of migrat ion of the double bonds. 
In  some hydrogenated  samples, double bonds were 
found in the 6- through 14-positions. 

Under  comparable conditions the pal ladium catalyst  
produced more positional isomers t h a n  did the electro- 
lytic nickel catalyst.  Sul fur  poisoning apparen t ly  had 
no effect on the distr ibution of the double bonds. 

With  all catalysts except the Raney nickel the per-  
centages of double bonds found in the 7- and 8- posi- 
tions general ly were approx imate ly  equal to those 
found in the 11- and 10-positions, respectively. Be- 
cause double bonds hydrogenate  more rap id ly  as their  
distance f rom the ester group increases, it appears  
that  more double bonds actual ly  migrated away f rom 
than toward the ester group. 

With  the Rallcy nickel catalyst,  which was used at  
30~ end-prodlu;ts were produced which contained 
more 7- and 8- than 10- and l l- isomers.  

The amount  of t rans  isomers formed was not pro- 
port ional  to either the degree of hydrogenat ion or the 
amount  of migrat ion of the double bonds. 
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Selectivity In the Hydrogenation of Oleic-Linoleic Acid Oils 
with Commercial Nickel Catalysts 
KA] NIELSEN, HEINZ I. M. HANSEN, t and VAGN R. NIELSEN, The Danish Soyacake Factory Ltd., 
Copenhagen, Denmark 

ATEST DEVEI~OI'MENTS in the assay of f a t t y  acid mix- 
tures by I)aper chromatogTai)hy of K a u f m a n n  

f ~  2 " and o Seher ( l ,  ) have given us all oppor tun i ty  
to review some of Bai ley ' s  (3) theories on the selec- 
t iv i ty  of the hydrogenat ion of oleic-linolcic acid oils. 

The works of Swicklik ct el. (4) and Vandenhellvel 
(5) have already proved that  hydrogenat ions of oleic 
and linoleic acid derivatives will not always follow 
pure  first-order kinetics. I t  has been shown that  a 
hydrogenat ion may  s ta r t  with an initial period dur ing  
which the reaction rate  is near  zero order, and unless 
these initial periods are of the same length for simul- 
taneous hydrogenat ions  of oleic and linoleic acid de- 
rivatives, the constancy of the relative reaction rate  
coefficients, as stated by Bailey, cannot be upheld. 

In  our investigations we have hydrogenated sesame 
oil and studied the influence of t empera tu re  and cata- 
lyst  self-poisoning. We have shown tha t  the initial  
periods are not of the same length for the oleie and 
]inoleic oil components. Moreover we have found that  
dur ing  the period of first-order kinetics a change in 

1 Present  address: Danish Atomic Energy Commission, Research Es- 
tablishment RisS, ~Iedical Department. 

temperat l l re  has the sanlc influence on the hydro-  
genation rat(, coefficients of the oleic and ]ino]eie acid 
esters, which nleans tha t  the act ivat ion energy per  
hydrogenated double bond is imlependent  of the acid. 

When working with self-poisoned catalysts, the hy- 
drogenation of the last 10% of linoleie acid proved to 
be no easier than tile hydrogenat ion of oleic acid. We 
believe that  this was due to isomerizatiou in connec- 
tion with such catalysts. 

In the following, the terms oleic acid and linoleic 
acid stand for  all types  oi' (~s-monoenoie and C~-di- 
enoic acids, respectively. 

Experimental 
Procedure .  In  order to be able to extract  samples 

at well-defined intervals  dur ing  the hydrogenat ions 
we chose to make the exper iments  at  atmospheric 
pressure by using a simple glass appara tus .  The 
la t ter  consisted of a vertical,  cylindrical  vessel with 
the dimensions h ---- 15 era. and d -- 5 cm., into which 
hydrogen was injected through a fr i t ted-glass plate 
placed at the bottom. There was no other agitat ion 


