
HYDROGENATION OF OILS BY THE 
CONTINUOUS PROCESS. 

PART I I i .  ISOMERISATION OF ETHYL OLEATE BY 
NICKEL CARBONATE-KIESELGUHR CATALYST. 

By V. T. Atiza~~ale aud S. K. K. J a t k a ~ .  

INTRODUCTION. 

In Par t  I1 (Tlzis Journal, ZlA, 285-293) the hydrogena- 
tion of olive and cottonseed oils by nickel carbonate-kieselgul~r catalyst 
has been studied by us in a continuous process. The results in general 
showed a regular variation in the behaviour of the catalyst depending 
on the composition of the oil, especially in the temperature coefficients 
of the reaction. It was shown that the olein and the linolein in the 
oils were selectively hydrogenated 'at 150" and 125" respectively 
w-hile the velocity of hydrogenation of both was high at 200". The 
hydrogenation of ethyl oleate was studied with a view to verify the 
above findings. 

The hydrogenation of ethyl oleate is of great interest from the 
standpoint of the formation of iso-oleic acid. Moore (J.S.C.I., 1919, 
38. 321 T)  who made an elaborate study of the problem of iso-oleic 
acid and its formation in hydrogenation, concluded that the acid was 
a mixture of isomers of different stability, elaidic acid being one of 
the main constituents. I t  was found that both the catalyst and the 
temperature play an important part in the formation of iso-oleic acid. 
Hilditch and Vidyarthi (Proc. Roy. Soc., 1929, 122A, 552-70) 
studied the ~ a r t i a l  hydrorenation of methyl oleate, palmitoleate and 
erucate. evidence indicated that the isomeric - acids produced 
during the hydrogenation, consisted of mixtures of acids in which the 
ethlenic linking is adjacent to the position occupied by the original 
compound and that these acids together with the original position iso- 
merides are allnost certainly present in both cis- and tizans-forms in 
the hydrogenation product. 

Lush (J.S.C.I., 1923, 42, 219 T) has shown that the formation 
of iso-oleic acid is least in the continuous process of hydrogenation 
~~-11en sotnpared with the results obtained with the batch and the 



overflow methods. I t  was concluded that the lower percetltage of iso- 
oleic acid is due to the greater availability of hydrogen to the catalyst 
in the continuous process. 

In  the present paper we have studied the hydrogenation of ethyl 
oleate using nickel carbonate-kieselguhr catalyst in a continuous pro- 
cess, and the relation between the iodine value and refractive index 
of the hydrogenated ethyl oleate, in order to determine the course 
of reaction from the measurement of refractive indices for  which 
sufficient data were not available. The detection and estimation of 
iso-oleic acid is also a laborious process, particularly when a large 
number of samples were to be analysed. I t  was thought desirable 
to find out a method of analysis based upon physical characteristics 
such as the refractive index and the dispersion of the substance. 

The customary method of determining the degree of hardness 
of the hydrogenated oils is to use the relationship between the iodine 
value and refractive index, the measurements of the refractive 
index being comparatively easy, reliable and very much quicker. 
An extensive amount of work was carried out by Sudborough, 
Watson and Athavale (This Journal, 1922, 5, 471, and Suclborough 
and Watson iibid., 1924, 7, 81) to determine the relation between 
the iodine values and refractive indices of some hardened vegetable 
oils. Most of the vegetable oils being solely mixtures of glycerides 
of stearic, oleic, linoleic and clupanodonic acids, it is highly probable 
that for any particular iodine value, the refractive index will be 
approximately constant and independent of the nature of the oil. 
The above authors found that nlost of the vegetable oils studied, gave 
curves which were linear and parallel to each other when the iodine 
value was below 50. For higher iodine values the curves bent away 
from the abscissa representing the iodine values, the results being 
explained on the assumption that the glycerides of more unsaturated 
acids which are reduced first, have a higher rate of change of refrac- 
tive index with iodine value than the glyceride of oleic acid. 

In the hydrogenation of oils, particularly in a batch process 
which was used by the above workers, changes, other than the mere 
saturation of double bonds, are possible, such as the formation of iso- 
oleic acid. Lush (loc. cit.) estimated the amounts of iso-oleic acids 
formed during the hydrogenation of cottonseed oil by the 'drip', 
'overflow' and 'batch' n~ethods and found that a sample hyclrog-enated 
by the batch process at 130" contained not less than 40% iso-oleic acid, 
the corresponding ratio of oleic to iso-oleic acid being 10: 15. A 
similar observation mas made by Sie Ichi Ueno (J. Soc. Chenz. Ind. 
Japulz, 1925, 28, 1235-9) who found that in the hydrogenation of 
sardine oil. some portions of the highly unsaturated fatty acids are 



changed into tlic iso-oleic xicl in the first stage t,f I~ydrogcaati~in am1 
then lo the sat~~i-atetl acids. 

'L'hr refi-acti1-e indices of the intli~ ikm! is:micrs arc not h o x n  
1)ut it may be 1-easomhly lielielcd illat the .rcIraciix-c indices of the 
ison~rrs Iormcc! by n lnei-e shiit of rlouhle bond inn. n i t  he cliffel-ent 
Croui that of thc 01-tliliary oleic acid unless it is shifted right- to thc 
end , ) f  the c h a i ~ ~ .  IIowcver: the fact !hat claidic acid which forms 
the major part o E  Lo-oleic acic!. has a 111zrc1z 1o:cv-r* i11c1r.r of refraction 
ihan trleic acid cannot be neglected while exlfaining the results. The 
liigher ralc nf change of 1-cfractivc index 111 the initid stage may, 
thrreforc, be due to the forniation of clajdic acid. 

liijkman (Rcr,. Tm~l .  Clziwz. Pays. Rns., 1893, 12, 157-87) has 
measured the refractive indices and dispersions both of oleic and elai- 
dic acid ;ind has given the following values. 

Elaidic acid (79.47, EI, = 1.43683 HI: -- 1.44425 and 
>I6 - -  H, = -00842. 

Aliowing for an approximate cort-ection for temperature, the 
refractive index and dispersion of elaidic acid will be less by ,00142 
and .00012 respectively than that of oleic acid. 

The rcfraciive dispersion of a suhstaiicr can he estimated 
correctly to one unit in the 6Cth place of decimal with a Plllfrich 
rcfracto!!~etcr, and as the clispersion hetween the gveen :ud  violct lilies 
of nlercusy is more than betmeeli a :~nd ii hydrogen lines it should 
he pnssihle to follow the isomeric c11an::eq in hyclrogenai.ion more 
accurately if thc dispersions arc ii~casured in this 'cg-ion. 

EXPERIMENTAL. 

Ethvl oleate was ~xer~ai-ed irom oleic acid and had the followinp 
roridant;. F: P 200" ' t 0 ~ 2 0 4 ~ / 4  mm. Refmctite index at  40' f& . - -. ... -~ - 

FIG (546) 1.44619; f o r  Hg- (4336) = 1.151-98 and dispersion 
H g  (436)-IIg- ((536) as 0.008787; Iodine value (I-Tanus) 76.0. 
The iodine value is less liv aboat 6 units than one calctilated theoreti- 
cally, indicating- the preselice of saturated compouriils. 

The iodine value was determined by Hanus' method while the 
refractive indices were measured on a Pulfrich refsactometer at  
40" C. The dispersion in each case was measured from the readings 
on the drum of the screw. The reslllts are given in Tablc I and 
shown graphically in Fig. 1. 

2 





' < - I  I lLc f i g r e  sllovx an alxupi change in tlic refractive irldrs when 
the iodine value has dropped by L5:,, a corresponding changc being 
also noticed in t ! ~  disiiel-sion n.heii plotted against the iodine value. 

+ ,  l h r  change in the rehactive illtlcs ~ i r h  iodine ~innlber for 
samplcs having- iodine nunibers between zero and fift~r-six can be 
representetl 1,~ the cquationi 

nf&,, == I .,4373:l + 1100093 x I.V. and 

, \ 1 he rqualions do not aiiply f o r  s a n q k s  Iiavilig iocline values above 
fifty-six. 

li the I-eactioii Tias mcrely a satnration of the double bond, the 
re i rac~ivr  i n d m  si~ouid vary li11r:al-iy with ; d i n e  \-alue. The compara- 
tively larger drop i n  the refractive index in thc initial stages of 
hydrogwaticq intlicatcs ihe iusn~ation of amither con~po~mcl, \vl)ile 
the ii11m.1- relationship betn-ecii 0-56 iodine values suggests the 
formation of the stearate only. 

-1 nutnber of esl~eri t~wnts were carried out at  rlitierent tempcrn- 
tures 31111 diffe~-rnt i-ales of the :low of ethyl olrate over ?he catalyst 
am1 the refractive indices and dis]~ersiotls of the s x ~ p l e s  mrre mea- 
s!lt-ed on tile Pulfrich dl-actomc3ter. 'l'hc results are plotted in 
Kg. 2 which shows thc dispersio~is of  each of the samples ag-aim: the 
refractive index. 



From the results shown in Fig. 1 it was expected that the refrac- 
tive dispersion of a sample having a particular refractive inclcx and 
consequently a particular iodine value, should be constant. Fig. 2, 
however, shows that the dispersions of samples having practically the 
same refractive i d e s  are oonsiderably different, the variations in 
the dispersions being not due to any error in the measurements. In 
Fig. 3 the dispersion is plutted against the iodinc valuc. Lt will he 
observed that the snrnples hyclrogcnated bctwecn 160" and 100" lie 
practicailv on a straight line. 
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Below 160°, the dispersion of the sample is lower, lower the 
temperatt~re of hydrog-enation. The three samples hydrogenated at 
temperatures between 88" and 108" have a markedly low dispersion. 
Calculations showed that the deviation in the dispersion from the 
straight line relationship in the case of these samples was of the same 
order as the difference in the dispersions of oleic and elaidic acids. 
The formation of other isomers of oleic acid by a shift in the double 
bond will not produce appreciable changes in the refractive index and 
dispersion. I t  appeared, therefore, that the lower dispersion as ob- 
served in the three cases cited above, might be due to the formation of 
elaidic acid. According to the iodine value -- refractive index relation- 
ship shown in Fig. 2 the above three samples contain approximately 



25:; of stearic acid, and if elaidic acid wns formed, then, on separa- 
tion of the solicl and liquid fatty acids by the lead salt-ether method 
it was espectetl that the major portion of the fatty acids should 
separate as solid acids. Actual analysis of one o i  the samples, hon- 
ever, showed that it contained only 25% of solid acids having a n1.p. 
of 62"-64" C. This shows that there is very little elaiclic acid formed 
in the reaction. 'The 1ov.-el- dispersion therefore might be clue to the 
fcrn~ation of some other substance or isomer vihich inav be wesent 
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in the liquid acids. 
T,iquid fatty acitls were therefore separated by the lead salt-ether 

method from three sam1,les hvdrugenatecl at 9 i 0 ,  121" and 167" res- 
pectively. Refractive &dices an2 dispersions of liquid acids were 
measured on Pullrich refractometer and the ~ a l u e s  were cnmpared 
with the corresponding values for the licjuicl acids separated fi-on1 the 
originai ethyl oleate (see Table 11). 

Temp. of 1 
hydroeen- i 1.T. 

Propertics of liquid fatty acids at 30' C. 

Samples 1 and 2 had practically the same refractive index but the 
dispersions were very much different, while samples 1 and 3 had 
nearly the same dispersion but different refractive index. The con- 
siderable difference observed in the properties of liquid fatty 



acids separ:\trd fr(jnl thebe s a n l p l ~  a ~ i d  111-igimi ethyl oleate, in:licati:s 
that there arc isomers of oleic acid fnr~metl in the course of 
hyclrogenation, the lead salts of crhicll are soluble in ether. 

:\nntlier interrsliiig [act is (ha1 the refl-Xtiue i l l t k ~  of' the liclliid 
acids from sarnple No .  2 is higher while that o i  the liquitl acids from 
sj111ple No. 3 is Iowcr than the refracti\.e i~idex of the liquid acids 
from original ef.hq.1 oleaie. 'The increase in the refi-active intlex in 
one case and its decrease in the other V R ~  ~i~g~!:-ests that the dnuhlc 
bond in thc ordinary olcic acid migrates in eiihcr direction accc>rding 
as the shift 01 the position of the double bond incrcascs or decreases 
the reiraclive index. 

'- I ne 1 pi.1-centages oF solitl ;~ciiis in these satnl~les (cf. 'i'a1,lc TI) 
were h i ~ h e r  than those calculated from the iodine i.alues while the 
melting pain;.; of the solid portions varied from 00-6I0, showing that 
ilrc sciliil pr;rtions were co11tamill;~ietl with 10 to 3OjC, c i i  is<)-cilcic 
acid. 

Mi-nsurenients of the refr:icti~-e index cmcl dispersion of ethyl 
oleate hyc!rng-enated at  diEel.ent temperatures thus indicate ( I j the 
for!liatitrll of the isolners of oleic acid by ilie ~nigrati'on of thc tlo111)le 
bond in either clirecrioi? from the posjtion it occupirs in ordinary 
olcic acid, h a r i n ~  different rcfractive itidcs and dispersion from that 
o l  ordi~lary r~lcic acid a d  3icidiii# !earl salts which arc soluble in 
ether. am1 ( 2 )  the foi-mation n! ;qq)reciablc qnantitit, oF iso-oleic z~cid, 
the lead salt i ~ f  which is insolul~le in ether. 

7'hesc conclusions are in harmony with the results of Xiidyarthi 
a d  HiLditch (lor. cif. 1 x.~l~o have s11o:vn that S 9 and 10-11 oleic 
acids a x  formed in the pariial hydrogellation of nirihyl oleate, in 
addition to othrr st)lid iso-olcic ;xicis. Nom-e ('lnc. cii . ) ,  hnwever, he- 
licrctl that the iso-oleic acid was mostly 11-12 olcic acid 1\11 thcsc 
authors :m3, lio.ioevcr, in agl-eemeilt with the view that no isotnei-ic 
nleic acitls are prorliicecl unless hytlrngenxtio~? is actually progress- 
ing, awl !!q believe that the isomeric acids are iornlcd as a result 01 
rlehydrog-enation of tlic freshly formed saturated compouncls. 

After the completion c~f cui- work, Wa,tcr-tnan :mtl yall Vlotlrr;p 
Tiicciil Dcs 7 ' 1 ~ m z z c . z :  rhiinlqz~i.s Drs Puys-I3n.c. 1'138, Tome 57, 
NU. 6, 629) psblished a paper on the 'Transformation of esters of 
unsaturated intty acids with hyclroz-cnation catalysts in the absellce 
of liydrogen'. These authors heated olive oil and ethyl oleate it1 
presencr of nickel cat;~lyst at  250-300". The prod~icts ohtailled had 
a higli~r re+raction and yielcled solicl fatty acids (m.p  43" C.), which 
had a love value for the 'iodine equilibrium constailt'. F r r~m il~esc 
results they concluded that isornerisatiotl to elaidic acid f.o& place. 



U%en experiments n-ere cart-ied out by us at  higher temperatures. 
we actually obser~ed clecoinposition of the oil. I t  appears to us that 
the increase in the refractive index observed by the above authors can 
be casily accounted for bp the atnount of the Eree acidity it; the oil 
which rose from 5 to 14, as the difference in the refractive index of 
the Tree fatty acid and its esters is of the order of 0.02. On the 
other hand, if we expect that elaidic acid is formed. the refractive i d e x  
of the product ought to have been lower than that of the ethyl oleate. 
as pointcd out in this paper previously. Regarding the melting point, 
the followitit- values are given in the literature for the isomeric 
oleic acids. 

From these I-csuits it is clear that the high nnlelting point cannot decide 
the formation of elaidic acid. 

Regarding the iodine equi!ibriun; constant, the measurements of 
iodine adsorption by some of the structural isomers of oleic 
acids are known to hare abnormally 1 0 ~ ;  values. For example, in 
the case of 2-3 acid it has been found that iocline aclsorption does not 
exceed beyond 46% even aftcr 70 IIOLII-s. The low iodine equilibrium 
constants cannot, therefore, be the criterion in deciding that elaidic 
acid is formed. The possibility that acids formed by the shift in 
the double bond can also occur as geometrical isomers which may 
have a low iodine equilibrium constant cannot be overlooked. 

According to our experiments the conditions which are favourable 
for the formation of elaidic acid appeared to be the low activity of 
the catalyst which obtains at low temperatures (100-20") and an 



insufficient sv,pply of hydrogen at  temperatures at which the catalytic 
a c h i i y  oE hvdrng-enation is fairly high (180"). 

Hy!: -oyr~iu t im~ of Fithid 0lr.alc.-'l'hc hyclrog-cnatinn of ethyl 
oleate W : L ~  carried out at diii'rrnt t c ~ i ~ l x m ~ u r c s  :1nd r;iles 11sing 
nicliel carbonate-l;iesel~[1111- catalyst. T h e  refractive intliccs <if the 
samnles for the violet line wevc mcasured 011 thr Pulfl-icli refractotueter 
ant1 the pel-celltag-e con~ersion was calculatcd From the iodinc value- 
refractive index relationship (Pig. 1 ) .  The yields aild the apparcni. 
ve!ocity coefficients (I<) were cnlculated in the nlanner t1escril)ed in 
Parts 1 and 11 ( This .ici:!r~rul. 1938. 2PA. 95-1G9: 285-293). ?\he 
results are giver, in 'I'able IT1 

Enpt. 
No. 

The first four experiments at 180" were carried out with thc 
idea to determine the relatioti bctveen the apparent velocity coefficients 



and the rates. The results iadicate that the velocity rises with an 
increase in the rates in the initial stages and then drops down on 
increasing the rates further. 

Experiments from Nos. 5 to 17, and 18 to 35 were carried out 
particularly to study the effect of temperature on the velocity of hydro- 
genation a t  a fixed rate of the flow of ethyl oleate over the catalyst. 
The valnes of K calculated for rates of 50 and 100 grams per hour 
are plotted against the temperature in Fig. 4 which shows two maxima 
in the curves at  150" and 180" respectively and a high velocity co- 
efficient at  210". 

The two maxima at 150' and above 210" are in conformity with 
the conclusions reached from the study of hydrogenation of different 
oils as described in Part  11. The high maxima at  180" in the 
hydrogenation of ethyl oleate was not observed even in the case of 
olive oil which contains approximately 85% of oleic acid. The re- 
action appears to be selective in the sense that a simple molecule like 
ethyl oleate is hydrogenated more readily than tri-olein at  this 
temperature. 

The greater deviations in the dispersion of the samples hydro- 
genated between 88" a i d  108" indicate that it is not the process, but 
the low activity of the catalyst, that is responsible for the formation 
of iso-oleic acids. 



SUMMARY. 

The n~easurements of jodine values, refractive illdices and dis- 
persions ,,E the hydrogenated ethyl olcate sliowecl that the iodine values 
1-aried linenrly with rdractive index only alter the formcr had dropped 
down by ahout 257;, the variation of the rrfraciive inclex wit11 iodine 
value in the initial stages being cotnparntively greater. The dispersions 
of the Fvdl-oyenatecl products, werc considerably different for t h c  
samples having either the same rrrraclive index, or the same i,i(!i~rs 
value, am1 tleywd on the tempcratut-e of hydrogenation, marked de- 
viations being obscrved in the case of samples hydrog-enated at  loxv 
tenqxxitures. I t  is collcludrd that isu~ncrs oS oleic acid are lorrned 
in the reaction owing to the lu\\ activity oi the catalyst lor hydrogena- 
tion a t  lower temperatures. 




