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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 
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than that caused by the hydrogen dispersion. The rate 
of flow of the hydrogen was kept constant at two 
liters a minute. The reqnircd temperature was main- 
tained by immersing the hydrogenatio|~ vessel into 
an oil bath with thermostat. 

All hydrogenations were carried out with the same 
sesame oil. Before each run  the oil was warmed up 
for half  au hour under a steady flow of hydrogen. The 
point when the catalyst niixcd with a small (luantity 
of oil was added marked the bcgillning" of a hydro- 
g(mation. Two c.atalysts w e r e  l l s o d ,  ( ) l I P  Wits a norlIlal 
commercial nickel-gullr catalyst, the otb(,r a nickel 
calalyst of thc same tyl)c which has t)l~en self-pot- 
s(rood by use in tile l~y(h'ogenatio|, of marilw, oils. 
lleforc the exl)crin|e||ts the latter was rinsed ill about 
10 tilm,.~ its weight of sc~sanlc oil. lh)th (,atalysts wcr(' 
ad(ted ] | | qmtntitics (:orrcsl)ot~ding to those used ] | | 
I)ractice. 

A nalgticul. The l)roce(lurc (h,se|'ibed in references 
1, 2 was followed very closely with a single addition. 
In order to i||sm'c the best possible cquilibrimn be- 
twce|| the two phases on the pal)er, the impregnated 
strip was washed for 24 hrs. with the mobile phase, 
using the (tcscc||(li|~g chromatograt)hi,: technique. The 
paper strip was th(m dried for half all hour  at room 
temperature, and the. sanil)h'~ were applied in ~,h~, 
usual way. 

The ehrontatographic a.~ays pr(widc us with the 
relative molar composition of lhe saull)lcs with rc- 
si)e(~t to stearic act(t, o/eic and l)ah|litic act(I, and liB- 
(>leie a,'i(I. A|t ad(litional dctermi|lation of the iodine 
value e|lables us to (listing,lish t)(,tw,',m olcic an(l 
I)almitie atilt. 

Tile fact that the  l)almitic a(,,id (,(,,|tern, of the oil 
is not influenced by tilt; COllrSc o f  t h e  hydrogenation 
nlay be utilized for a determimttion of the Iim)leic 
acid (,,o|,te|lt as soon as the common I)al|nitic acid co|~- 
tent is known. Whe|l this is the case, it is sufficient to 
cahmlate the ratio between stcaric acid aud oleic 
plus pahnitic acid, a||d then to use the known pahnitic 
acid content to find percentagc of saturated acids, 
which, together with the iodine value, gives the lin- 
oleic acid content. Such an indirect determination is 
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of particuhtr value when the percentage to be obtained 
has be(.omc so small that  the eorrespondi,lg spot on the 
paper (:an He longer provide an accurate measuremen t ,  
but sin(~e it is absolutely certain that all the ansays 
should have given the same percentage of pahnitie 
acid, a caluclation based on a common well-dc.ter- 
mined pahnitic acid percentage may also im;rcase the 
accuracy in general. We took advantage of this fact 
in our final calculations. The common pahnitic acid 
content was found as tile average value of the results 
of all the assays in which the ]iualeic spot was still 
accurately detectaMe, and this value, which was fur- 
thermore checked by gas-liquid chromatography, was 
used i~ a final correction of all the results. 

Resul ts  and Discuss ion  

Tables I and I1 show the results of hydrogenations 
with a normal and a self-poisoned commercial nickel 
catalyst, respectively. 

in  connection with the hydrogenations of the lin- 
oleie components the natural  logari thm (In L) of the 
direct results (% L) is the most suitable derivative 
function to calculate since in the case of f rs t -order  
kinetics we have 

dL 
dt ' = - - K L L ; l n L = - K L t  

An at tempt to illustrate the course of hydrogena- 
tions of the oleic components proves to be more com- 
plicated because the oleic acid concentration not only 
decreases because of conversion to stearic acid but also 
increases as a result of linoleic acid hydrogenation. I t  
seems reasonable to measure the hydrogenation of oleic 
acid by the increase in the stearic acid concentration 
(dO = - d S ) ,  which means that  for first-order kinetics 
we have 

dS 
dt = KoO 

A change from infinitesimal to measurable intervals 
t ransforms this equation to 

A ,~ = KoO 
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Oerlvofiw F u n c t i o n s  
of  Acid 

I 

1,0, 

e ~  

2 ,0 ,  

T~mp. Oldie Zinol~ir 
Ig5 ~ �9 [] 
/50~ �9 

200"C o a 

Nydrogenofion Timr 
in flour5 

4 6 8 ~0 I~ /4 /6 /8 gO 22 24 

F~G. 1. Hydrogenations with a normal nickel-guhr catalyst 
(0.25% Nil. 

where O represents  the average oleic acid coneen- 
A s  

t rat ion in the given time-interval.  The te rm -- 

dL which means that  - - ~  /NS thus corresponds to ~ 

can be used as a suitable analogue to In L. Conse- 

quently we have chosen In 55 _ y .  _/XS~_ as the deriva- 
O 

t i re  function for  the hydrogenat ions of the oleie com- 
l)onents. The term In 55 in this expression represents  
5 5 ~  O, which is an approximate  common average for 

Oiaitial 4- Omax. 
all hydrogenat ions of . the la t ter  hay- 

2 
ing arh i t rar i ly  t)e(m chosen to eorrestmnd to th" initial 
linoleic concentration. In  this way we have obtained 
for both acids direct ly comparable derivative fun(,- 
lions and curves. 

The derivat ive functions, which are given in Fig- 
ur(,s I and 2, show that  each hydrogenat ion can he 
divided into an initial period with increasing rate 
(.ocffi(;ient, an intermediate period with a constant  
rate coefficient, and, in most eases, a final period with 
decreasing rate  coefficient. 

The initial periods show the same gem~ral eonrse, 
independent of catalyst  self-poisoning. In  case of the 
linoleie hydrogenat ions the initial periods are most 
pronounced at 125~ still distinct at 150~ hard ly  
visible at 175~ and at 200~ they vanish altogether. 
The hydrogenat ions of the oleie components also show 
decreasing initial periods with increasing tempera-  

Berivolive Funclion$ 
of Acid 

~0 ?;P~C , e i c  ~,deic 

200 ~ o rJ N~drogenolion ~me 
in Hours 

,2 4 $ 8 /0 I~ /4 /5 /~ gO 22 24 

Fro. 2. Hydrogenations with a self-poisoned nickel-guhr 
ca.talyst (1.0% Ni) .  

ture.  However  in this ease the initial periods are 
longer than  the corresponding linoleic periods, at 
least when the normal  catalyst  is used. When hydro-  
genat ing with self-poisoned cata lys t  at  t empera tures  
below 175~ the over-all oleie reaction rates are so 
small tha t  i t  is no longer possible to distinguish be- 
tween initial and intermediate  periods. These differ- 
ences in the durat ion of the initial periods, depending 
on the acid, show tha t  lack of hydrogen  saturat ion,  as 
s ta ted by  Vandenheuvcl  (5), cannot  be the only cause 
of initial zero-order kinetics. When compared with 
the following intermediate  periods, in which a change 
in t empera tu re  seems to have no influence on the ratio 
between the linoleic and the oleie reaction rate coeffi- 
cients, they also give the only explanation why a rise 
in t empera tu re  will increase selectivity. 

The intermediate  periods are characterized by pure  
first-order kinetics. Their  rate  coefficients are deter- 
mined on the basis of F igures  1 and 2. According to 

the Arrhenius  equation, In K = In A - E a graphi-  N-~-' 
eal representat ion of! In K plotted against  the recipro- 
cal Kelvin t empera ture  will be a s t ra ight  line with the 

E s l o p e -  ~-. Such a graphical  correlation is shown in 

F igure  3. I t  may  be seen tha t  with the prevai l ing 
analyt ical  error  it is not possible to distinguish be- 
tween the activation energi('s in the vario~s cases. 

/nk 

2.0O 

/,oo 

o, oo 

-./on 

-.~o0 

-400 

- .75,; 

~ " ~ m  "-.e. C 

Ae 
o �9 

o 
,- o 

06T--S 
2/ 22 2J ~ .)5 

Fro. 3. Graphicatly estimated first-order rate coefficients. (A~) 
Hydrogenation of littoleic components, normal ea,talyst, 0.25% 
Ni; (Ao) hydrogenation of olcic components, nornml catalyst, 
0.25% Ni; (BL) hydrogenatiolr of linolcie components, self- 
poisoned c~ttalyst, 1.0% Ni; (Ba) hydrogenatimt of oleie com- 
ponents, self-poisoned r 1.0% Ni;  (C) hydrogenatimx of 
triolein, Swlcklik et a l .  

This means that  the affinity of hydrogen to a donble 
bond is pract ical ly  independent  of the acid and of 
catalyst  self-poisoning. The diffc,'cnces between the 
hydrogenat ion rate coefficients of the oleic and the 
linoleic acids and the diffcrem,es between the ratios 
of these two rate eocfficients, depending on the state 
of the nickel catalyst,  are thus caused by differences 
between the corresponding frequen(,y factors. F rom 
the slopes of the straight, line in F igure  3 the common 
activation energy per hydrogenated double bond can 
be determined to be approximate ly  10 k.eat. 



2 7 4  T h E  ,]O1JRNAI~ OF Tilt , ;  AMI , iR ICAN ()11, ( J H E M 1 S T S '  S O C I E T V  V O L .  3 7  

Figure  3 also shows two values of oleic hydrogena-  
tion rate  coet~icients which have been taken f rom the 
investigations of Swieklik and co-workers (4) (Ta- 
bile I)  on the assunl[ltion that  the first three results 
in Hydrogena t ion  No. 3 arc also due to an initial 
period. The corresponding experiments  were carried 
out with 0.4% Ni, a hydrogen pressure of 65 lbs., 
vigorous agitation, and high hydrogen dispersion. 
Even though these (',m,litions arc quite different 
front ours, the results nevertheless show the same 
activation energy with a marked change in the fre-  
quency factor.  

The final periods are independent  of the catalyst  
only when oleic hydrog(matious are examined, in 
whieh ease they cannot be correlated with any  com- 
mon acid percentage. ] lydrogenat ions  of the linoleic 
eolnp(me~t:s folh)w different t)att('rns, depending on 
the state of the nickel. While, when hydrogenat ing  
with 0.25% fresh Ni, first-order kinetics can be ob- 
sm'w~d down to ]inolcie percentages below 5%, the 
corresl)on(lil~g hydrogenations with 1% self-poisoned 
Ni seem to stop at  about 10% linoleic acid. The ex- 
perimel~ts i lhls trated iu F igure  4 were made in order 
to examine the stagnation of the linoleie hydrogena  
tions, They were divided lille fiw; stages. (A)  Sesame 
oil was hydrogenated  with 1% self-poisoned Ni at, 
175~ for  5 hrs. (B) W h a t  was lef t  of the, oil f rom 
stage (A) when samples had t)een drawn was d(mbled 
up with a fresh port ion of sesanle oil and hydrogen 
ated for another  5 hrs. (C) A new portion of sesame 
oil was hydrogenated  with 1% self-poisoned Ni at  
175~ for  6 hrs. Af te r  tell]oval Of the catMyst by 
filtration, what  was lef t  of this oil was divided into 
two equally large par ts :  (])) one pa r t  was hydro  
geml,ted in the same way as in stage (C) with a new 
portion of self-poisoned cata lys t ;  (E l  the other pa r t  
was hydrogenated  with 0.25% fresh Ni. On the basis 
of F igure  4 we draw the following conclusion. The 
decreasing hydrogenal ion rate coefficients eannot be 
caused by progressive (.atalyst poisoning since, a f te r  

Derivo/ive rune/ions 
of AcM % 

,4 B 
~0 

g.S 

in o 

l$ " UnMeic " \ 

g 4 6 8 ~0 0 ? 4 6 8 la /g 

]0IG. 4. V a r i m l s  h y d r o g e n a t i o n s  to  i n v e s t i g a t e  t h e  l i n o l e i c  s t a g -  
n a t i o n .  ( A )  H y d r o g e n a t i o n  w i t h  1 .0 '% s e l f - p o i s o n e d  Ni ,  1 7 5 ~  
( B )  A c o n t i n u e d  a f t e r  a d d i t i o n  o f  f r e s h  o i l ;  ( C )  h y d r o g e n a t i o n  
u n d e r  t h e  s a m e  c o n d i t i o n s  a.s A ;  ( D )  C c o n t i n u e d  a f t e r  r e n e w a l  
o f  t h e  1 . 0 %  s e l f - p o i s o n e d  N i ;  ( E l  C c o n t i n u e d  a f t e r  e x c h a n g e  
o f  t he  s e l f - p o i s o n e d  c a t a l y s t  w i t h  0 . 2 5 %  n o r m a l  N i .  

an addit ion of fresh oil, the hydrogenat ion resumes 
what wouht have been its original rate, the reduced 
catalyst  concentrat ion taken into consideration. Om;e 
the final linoleie period has begml, the hydrogemttio,i  
as a whole can best be characterized by  assuming that  
the ~;atalyst can no longer distinguish between lin- 
ohmic and oleie components, and this applies whether  
fresh or self-poisoned nickel is used for  fu r the r  hydro- 
genations. We believe tha t  these results are due to an 
isomm'ization of the Hnoleie aeid. 
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A Critical Study of the Oxidation Methods 
Determination Glyceride Composition of 

for the 
Fats 

GOLLAMUDI LAKSHMINARAYANA :~ and DAMASCENE REBELLO, Department of Chemical Technology, 
University of Bombay, Bombay, India 

T 
H E  O X I D A T I O N  O F  F A T S  with pe rmangana te  i n  

ace tone  was  p r o p o s e d  by  H i l d i t c h  a n d  Lea  
(9,15) for  the estimation of t r i sa tura ted  glyc- 

erides (GSa).  4 K a r t h a  (21-23) carr ied out this oxi- 
dation in the presence of excess ( 3 - 6 % )  acetic acid 
and developed a method for  the determinat ion of the 
glyceride type  of composition of na tu ra l  fa ts  by  sep- 

1 A por t ion of the Ph .D.  (Technology) thesis submitted to the Uni- 
versity of Bombay  by G. L a k s b m i n a r a y a n a .  

2 Presented  a t  the 32rid fall meeting, Amer ican  Oil Chemists '  Society, 
Chicago, Ill., October 20-22 ,  1958. 

a P resen t  address :  Depar tment  of Physiological  Chemistry, Ohio State 
Universi ty,  Columbus, O. 

~Abbreviat ions used are  as follows: G, glyceryl r ad ica l ;  S, sa tu ra ted  
acid or radica l  con ta in ing  16 or more carbon atoms; U, u n s a t u r a t e d  acid 
rad ica l ;  O, oleic acid rad ica l ;  L, linoleic acid rad ica l ;  A, azelaic acid 
rad ica l ;  and  S ~ oxygenated sa tu ra ted  acid radica l  (incomplete oxida 
l ion p roduc t  of oleic ac id) .  

cra t ing  magnesium salts of azelao-glycerides. The 
results obtained for  the glyceride type of composition 
of m a n y  na tura l  fats  by  K a r t h a ' s  method are differ- 
ent .from those obtained by Hi ld i tch ' s  crystall ization 
method (12), and the theories put  fo rward  by  these 
two investigators (13,24) for  the glyeeride distribu- 
lion in fats  on the basis o2 these results also differ 
widely (10,11,14,24,28,36,41,42). Both the oxidation 
methods of Hildi tch and Lea and K a r t h a  are based on 
the assumptions that  the unsa tura ted  acids in the un- 
sa tura ted  glyeerides (GS2U, GSU2, and GUn) are 
cleaved and that  the resul tant  azelao-glyeerides are 
not hydrolyzed dur ing  the oxidation and the subse- 
quent  separat ion procedures.  


