PART VI SELECTIVITY OF HYDROGENATION
CONTINUOUS HYDROGENATION OF OILS
By BBV Juglehar and 8 K I Jathkar

INTRODUCTION

The edible fat, soft soap and lugh class lubiicant mdustries
demand the use of an ol contamning a substantial excess of hquid
constituents  The piresence of linoletn o1 glycerides more unsaturated
than Iinolemn 1» undesirable 1n those products, since they are susceptible
to oxidation and ranudity Therefore a process of convertng the
Inolein 1nfo olein with the formation ot relatwvely Iittle stearin is of
gieal advanlage for the production of oils especially suited for the
above mentioned mdustries The batch process of hydrogenation
answets this purpose on occount of its selective chaiactel, and has
replaced the continuous process which had gamed ground durmng the
last decade

The teim selectivity seems to be a comparalive one and 1s
defmed as the preferential conversion of linoleic acid imto oleic acid 1n
mixtus es wheie both of these acids are existing mn free o1 combimned
otate

The comparison of the balch process and contmuous process
shows that the latter, though has many advantages over the former
from the pownti of view of woiking, 1s not suited for wide mdustial
apphicalion on account of its nonseleclive character A considerable
amount of work has been done to study the effect of the operating
conditions on the degree of selectivity mn the batch process Except
some papers by Hilditch no exiensive work has been done to study
the effect of operating conditions on the selectivity in the continuous
process The piesent mvestigation 15 an altempt to study the influ-
ence of various factors m {he contmuous piocess wn order to fnd
out the optunum conditions under which the contmuous process

can give selective 1esults
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The possibility of controlling the hyvdiogenation o as o convert
the lnghly unsatuated linolete acid mwto the less unsaturated olew acid
with the formation of telatvely hitle steane acud wis fust descibed
a patent by Buichenal (U 8 Patent TIS3351 1910) A wencral
swvey of the Ieratwie reveals thal the workmg condilions duning
hydrogenation play an unpottant part m {he selectvty of hvdiogena
ton An exlensive amount of worh has been done to study the
influence of catalyst, s concentration, pressure, lemperalute and
agilation on the selectivily of hydiogenation

Oatalyst.— Richardson and Snoddy m o comparalive study of
the hydrogenation of cottonseed ol with nickel and platinum catalysts
have concluded that hydiogenation with platinum v by no means
so selective as with kel catalyst (Ind. and Iing Chem, 18, 570 1,
1926) Sumlar conclusions have been drawn by Waterman  and
Van Vlodiop (Rec Tiav Chun 50, 279-82, 1941) and Ucna
Vikimoit and Ueda (] Soc Chem Ind Japan, 44, Supp D I81 83
1931) I appears that besides the cost of platmum, its propeity to
give less selective results does nol admnl s use as a0 calalyst
i industry, Moore and co-workeis have tound thal an mcicase
in the concentration of catalyst decreases the selectividy  They have
explamed {his behaviowr m the lollowmg mannet  An meicase m
the amount of calalyst donmishes the average distance between o
particle of the catalyst and the hydivgen bubble sutfaces  This
reduction m the distance, which causes o decicase m the lag
between the demand for hydrogen at the catalytic surface and the
supply which must be kept up by the process of solution and ditfuston,
increases the concentration of hydrogen at the catalytic surtace. The
dwect formation of steaun from lhnolem caused by an mcieased
concentiation of hydrogen explams for the less sclectiie 1esults (Ind
and Eng Chem, 9, 451, 1917) Richardson, Knuth and Muligan (Ind,
and Eng Chem., 16, 519, 1924), Hildilch and co-worhers (JSCT 51,
19581, 1932) have drawn conclusions contradictory to those drawn
by Moore and co-workers They have obsetved thal an inciease
mn the amount of catalyst mcieases the selectivity, bul have not given
any plaustble explanation of such behaviour.
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Pressie —Moore and co-workers have observed from theyr
results that an imcrease in presswe leads to less selective results
(Ind and Eng Chem, 9,451, 1917)  Moore’s observation has been
confirmed by Waterman and co-woikers (Rec Trav Chum, 52, 9-17,
1933) The decreasc m selectivity on increase m pressure s explamed
by the mcrease m the hydrogen concentration caused by the bettet
solution and diftusion of hydrogen Contradictory views have been

held by Richardson, Knuth and Milligan (Ind and Eng Chem, 16,
J19 22, 1924)

Temperaiur e —There 15 no controversy 1egarding the observa-
tion thal an imncrease in the temperature within certan 1ange (100° to
200°) incieases sclectivity Thus has been proved by the work ot
Moore and co-workeis (Ind and Eng Chem, 9, 451, 1917), Williams
(I Soc Chemn Ind, 46, 448T, 1927) and Hilditch and others (JSC1
51, 195, 1932)

Agitalion ~—Moore has observed that an mcrease in the agitation
decieases the selectivily (J Ind and Eng Chem, 9, 451, 1917)
Contrachclory views are bemg held by seveial workers thal decrease
i agitalion decieases selectivity, consideung the fact that low speed
wmcreases the tune of contact between the oil and catalyst causing
complete saturation of lmolemn

Thus the catalyst, its amount, pressure, iemperature and
agiation wete the taclors which wete studied as govermng the
selecttvity of hydiogenation In {he year 1923, the advent of
confmuous process by Lush m the field of hydiogenation mtroduced
one more factor namely the dufterence m the process of hydrogenation
Lush humself m his study of the progiessive hydiogenation of olive
and cotlonseed oils by the contuuous process noted that the mcrease
ol satwiated tatly acids begms from the commencement and not as
has been found with powder catalysis only after the lnolexc acid has
been reduced to 10 per cent  From these tesults Lush emphasized
that the contmnuous process, gives less selechive 1esults than the
batch process, (JSC.1 1924, 43, 57T, 1925, 44, 129T). Lush attr-
butes this difference to the different conditions of access of hydrogen
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m the two processes  Hildileh and coworhers huve 1oached sula
conclusions lrom then study ot the progresswve hvidiogouation of
collonseed o1l (J.SC.I 51, 1987, 1939), sesame and groundnud ods
(S C.I 57, 363, 1988) Iu the case of Tmsecd ot stmlar results
have been observed by Cocelunaras ([ S C1 12, 51, th 17)

Recently Athavale and [atkar who have made b osystemabic
study of the contmuous process, have observed that the voloaty ot
hydrogenation of olem 15 maamum at 150" wide that ol the hydio-
genation of linolem 15 maximum at 1253°, due {o the selective hydro-
genation At temperalurcs above 1607 the tendency ol the hnolem
to change straighl to stearm mcrcases because the olan tormed
hydrogenates with cqual velocily  They are ot the opuuon that the
selectivity depends not on the process bul on the natwie ot the catalyst
(This Jowrnal, Vol 21A, Part XXIV, pp 285 280)

It appears, fiom the study of the literature that very hitle work
has been done to study the mfluence of relative conventrations o olemn
and lmolem 1 the oil, the tale of llow of the oil over the calalyst and
the temperature, on the selectvidy 1 the contimuwous process ol hydio
genation In the presenl work a detarled study ot the wnfluence of
the various factors on the selechvity 15 made, m onder to find oul
conditions under which the natwie of the product obtamed by con-

tinuous process will be simular {o that of the product obtuned by the
batch piocess

Method of Investrgation —A. general study ol the lierature
reveals that theie ate three methods of studymg the seloctivity (1)
By plotting a tume-1ate curve and notng pomts obinflection  Nrmstiong
and Hilditch have used tlus method (Proc. Roy Soe, 964, 137, 1919)
(1) By the separation of solid and hquid auds by lead salt-cther
method (w) By findmg oul the 1odne and {hioeyanopen values

(Kaufmann Ber 1927, 60, 50) The method (11) has been adopled n
the present work

The deteimunation of thiocyanogen value along  with odme
value offers the possibility of calculating the percentages ot molew,
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olem and saluraled glycerides nthe ol The oleic acid 1somers
formed m hardening behave towards thiocyanogen m the same way as
oleie actd  Thus this method obviales the difficulties introduced by
formatton of solwd 1somerides of oleic acid

EXPERIMENTAL

Apparatus —The appatatus used was the same as desciibed
m thes Journal (Vol 20 A, Part XII)

Catalyst —20 per cent. nickel carbonate kieselguln was pre-
pated by adding sodmam carbonate to nickel mitrate solution 1n
presence of kiesclgulu sufficient to give the 1atio of mickel kieselguhr
m the calalyst as I 4 The washed precipitate 1n a semr-dried
condilion was forced thiough a small oinihce under a piessure of 15
tons per sq meh  The an dried catalyst was 1educed at 400° for 17
hows  After the reduction the temperature was lowered to 180° and
the o1l was allowed to {low over the catalyst

The ods used had the following consiants

o | Acid Todine valuc
Oul n,60 Value (Wis) SCN value

Authots| Holde | Authors| Holde
Cottonsced 14573 | 087 101 101-120| 646 61-65

Sesame 1.4589 | 040 111 103-112 754 7577
Saftlowe: 14618 | 030 141 138150 785 | ...

The 10dme and thiocyanogen values are of the same order as
given by Holde (Kohlenwasserstoffole and Fette Ed 1933, pp
786-809)

'The composition of the o1l was calculated from the formula

%L G=1154 IV =TV)
%CG=1162@TV -1V)
% 8.G =100~ (LG +0G)
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where
IV =Iodme v alue of the ol

TV =Thotyanogen value of the wi,
L G =Lmolewe glycudes,

O G =Olew glycendes,

8 G =satwated glycendes

Cottonseed ol The percentage of ol an the vottonseed ol

was 41 8 and that of olem 43 The wmount ol salurabed ghveandes
was 25 2 pes cent
B 1 ,
Lmolemn Olc. mo I Sadd slveetides
]- V 9’0 3 } ! ]
Authors 101 118 PR 25 2
Lanolere actd] Olew acul | satd mds
‘}(I) ,n ; u
Hilditch and co- 103 4 {03 296 KRN
workers §

The resulls are found 1o he very nearly the same as oblaned
by Hilditch who employed the ostes frachonabon mcthad of analvses
(JSCI 195T, 51, 1932)

Sesame orl —The compostlion of sesame ol usedd was, Imolum
406 per cent olen 16.7 poreenl and siuwated olvoendes 127

per cent
v Lmolem Olemn ]Sdtd.tﬂ)LCHdUb
L ) N o ) 1 i i A
Authors [11 40 6 167 127
Linolew Olere Satd
acid acid acids
% f\(/) '
Jamieson and 877 101 \ 129
Boughman |
Hilditch and 109 6 10 4 N Lt 2
co-workers !
L |
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J 'y ] b
Safflower ol —The 1canlts given below are different fiom

those ol the Amucan safflowet odl aualysed by Jamieson, on account
of the tiaces of lnolenic glycendes n the o1l

v Liolem | Olem |Satd glycérdes
Author 141 721 18 6 93 o
Linoleic Oleic Satd
acd acid acids
% % %
Jamieson . 65 24 ¢
|

Ghraphic 1 epresentabion —The lileralure on selectivity 1eveals
that there are thice different methods of graphic repiesentation for the
study of the sclectvity in the hydiogenation of oils

(1) Roosebooms trangular diagiam  This method was first
followed by Moore and co-workers (Ind and Eng Chem, 9, 451,
1917)

(n) Plotling a time-1ale cuive and noting pounts of inflection
Aimstiong and Hilditch had based their study of the selectivity on this
method (Proc Roy Soc 96A, 13746, 1919)

() Plotling the iodmne values of mixed fatty acids against the
percentages of saturated acids  This method was suggested by
Williams (] S C.1.,, 447T, 46, 1927)

The method employed by Armstrong and Hilditch gives only
qualtative 1esults  The method suggesied by Wilhiams necessitates
the sepaiation of lalty auds in ol which requires a long time  In the
present work on account of the great number of samples, the applt-
cation of the method of Williams was not feasible ~ Moore’s method
of triangular repiesentation 1s followed m this work

Oul bemg o three component system, counting the saturated
glycerides as one component, 1t 15 possible to represent the percentages
through the use ot Roozeboom’s iriangular diagram
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Inan equilaleral {rangle ABC, cach side s divuded Hlln‘]()()

A pats It 1 customuuy o represent DO as

v/ \R catmated glycerides, CA s Tmolen glhvcondes

< and AB as oleie glycendes  Moore has s

) %@ made use of & tewarkdble properhy ob the

) 0 triangular diagram, thal lnes ol e wiing

[ N value ate found to be parallcly all wakang an
“angle of 90° 11" (on the Jower wide) with the

B satd Giyeendes  —>C pight hand side of the tinngle The concanty
of the curves towards the right hand side of the Grmgle mdicates
selectivity and that towards the Jeft hand side mdwates nons focinaby

REsuL1s

Oottonseed il —The ol was hydrogenabed by 20 por cent
nickel carbonate kieselgulu catalyst at 180°, 160" and 110 b cilleront
rates  The composttion of the hardened samples was detcimmed by
the thiocyanogen 1odine value method  The tesults wie yecorded m
Table I and are plotted n Fig 1

Sesame Oil —Hydrogenation of sesame ol was carntned oul
at 100°, 120°, 140° 160° and 180° al dulferent sales  The percenlages
of glycerides were calculated fiom the thiocvanogen and odme
values The results ate gven m Table II and wre opresented
graphically in Fig 11

Safflower Ol ~Hydrogenation of salflower o1l was canned
out at 100°, 120°, 140°, 160° and 180°  The 1odme and thio vanogen
values and the composition of the hardencd samplis are gnven m
Table III  The resulis are plotted mn g, 111

Cottonseed Oul —Temperature 140°—The curve ot 110 m
Fig. Dindicates that at higher 1ates of the flow of the ot the olem
percentage remains constant (at about 34%) wiule there 1 an merease
i the saturated glycerides proportional to the dewicase m Imolom.

At slower rates a decrease 1n the olein fakes place mdeating the olem
~>stearin reaction

Athavale and Jatkar (loc. at) have ohserved m the case of
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TapLE 1
Hydrogenation of Cottonseed 0.l

) 1V | soN | % | o [%Sad
0 (XV f]‘») No Olem | Linolem gl%zzr 3
Onigmal Oul 101 64.6 93 418 25.2
Temp. gm{ez;}i)m
140° 45 6 61 38 6 18 8 258 554
, 70 6 787 | 521 | 296 | 307 | 397
, 999 878 | 586 | 342 | 831 | 3821
160° 302 55 397 284 17 6 o4
., 99.4 796 | 49 295 | 272 | 438
y 190 3 798 | 525 | 209 | 309 | 392
180° 35 & 348 287 26 3 7 667
” HE 50 6 357 24 2 17 2 586
, 102 6 66.5 | 473 | 329 | 219 | 452

cottonseed o1l that at 130° the 1eaction 1s exclusively the hydiogena-
tion of linolein to olem

Hilditch and co-wotkers have studied the hydrogenation of
cottonseed o1l by the continuous process at 130° 170° and 200° (J S
C. 1 51, 1987T, 1942) Hilditch has nol given the rates of the flow
of the o1l, w0 for comparision, it can be assumed thai for a particular
temperatn e the 1ate mereases with icreasing odme value  The
results of Hilditch we graphucally iepresenied n Fig 1A

At 130°, the percentage of olein contmuously mcreases with
the decreasmg lodme value fiom 25 to 35 per cent and then it
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Tasr 11
Hydrogenation vf sesume vdl

Iv
(W1ps)
Ongmal ol 11
Temp Rate
gms. /hour

100° 29 92 812
» 57 92 6
” 174 997
120° 132 63 9
» 65 2 735
” 1008 879
140° 216 56 9
" 46 8" 65 7
) 101 78 3
160° 388 709
" 63 794
T 145 6 87 6
180° 99 8 498
n 5T 2 65 1
h 130 8 86 ()
" 184 8 %6 7

SCN
No

75H 1

Olem

LG.7

{18

{51

b 2

Lok

406

HL3

“onakd,
ulyeer-
1des
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TaBLE (1T

Hydrogenation of safflower odl

IV | SCN | o | o |%Sad
(Wys) | No Olem |Linolemn| 8Woer-
SO N A j 1des
Ougial o1l 141 785 18 6 79 1 93
Temp gmlf 7%‘0111
1og” 27 1 1109 705 35 46 6 184
" 176 128 4 783 32 2 58 3 95
120° 48 1 103 8 67 3 3506 421 223
. BXRS] 1128 74 3 {16 44 4 14
140" 26 96 6 654 397 36 24 3
» 716 107 8 706 389 429 182
" 114 118 8 746 35 2 511 137
160° 168 KRN 108 52 104 526
’ 126 118 & 68 5 20 o8 22
180° 228 717 198 204 287 119
y 37 | 85 9 608 | 404 296 | 30

decreases wilh decieasig wdme value  This mdicates that olemn->
steatin tcaction procecds when the time of contact 1s long  Even
with shorter lune of contacl, the saluiated acids inciease appreci-
ably  The 1esulls of the present reseaich aie n confirmation of
those obtamcd by Hildiich

Temperature 160°—Fig 1 mndiates that at 160°, the olem
docs nol change at all duimng hydiogenation  Theie 15 an 1nciease
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m the satutated glycerides proportional to the deciease 1n linolen
At 1607 1t appears that the mam 1eaction 1s lmolemn=>stearin at all the
rates of the How of the o1l Athavale and Jatkar (loc it ) have shown that
at 1584° wih faster rates the linolem changes {0 olemn without much
use m saturated glycerides butl at low 1ates the selectivity disappears

Temperature 180°—The curve of 180° in Fig 1 appears to be
composcd of two paits The pail 1epiesenting higher rates 1s concave
to the right band sude of the {nangle while the part indicating slower
rates 15 convex  In the concave pait the olein peicentage slightly
mcreases from 33 {o 31 and then mn the convex part 1t appreciably
decreases and the olem o steatm reaction becomes peiceptible  The
general natute ot the cutve howevei, shows thal an mciease m the
satutated glyccrdes takes place at the cost of limolein  Halditch has
obscived sinlat tesulfs at 170°  The olein mcieases from 25 to 35
per cent and then practically remains constant  The main change
proceeding 15 an mcrease n the saturated glycerides and a decrease

m the linolewn

Alhavale and Jatkar have obseived that at 182° with faster
tates the linolem changes to olem withoul appreciable change in satu-
rated glyceides  As the rales deciease the main change observed
15 the disappeatance of lmolem and an mciease wm the saluraled
glycertdes the percentage of olem remaming constant  Theu results
poml that with Laster 1ates the hydiogenation at 180° 1s selective and
the sclectivity disappears with slower 1ates

Athavale ond Jatkar (loc cit) showed that the selectivity of hy-
diogenation of collonsced ol by the continuous process using nickel
kieselgulin catalyst was smulat to that observed i batch process i
which the same catalyst was used  They ascuibed selectivity to the
natwe of the calalyst — As the sample of ol used by these workers
was dark and fair fiom pure, as shown by the 1odne and thiocyanogen
value, 1t was nccessaty to check then results using 1ehable sample
The present 1esults mdicate that selectivity of hydiogenation 1s moie
dependent on the method and not on the catalyst The oil used
by Athavale mighi have contamed some impuritics.
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The resulls with the cottonseed ol mdicate that wt 140
160° and 180°, the Imolem>ulearm rewimn prodommates and no
seleclivity 1s observed This obserstton ts e conbinmuaben with all
the previous results by the contumous provess ft 1 also found that
with slower rates the olem-> steari tedcton cu s, s voloaty at 140°
being lughest and at 160° hemg lowest Tt v mteresting o note that
neither 1 the present work nor m [hlditchs tesutts the porcentage of
olemn rises beyond 40 per cent  The Fyg 1A shows hat m the bateh
process the olemn content tises contimuously o G0 per cent

Sesame Ol —Temperature 1007 and 120" —From the g 2
it appeats thal at 100° the percentage of olem practicadly rematns
constant and the mam reachion proceedmy 15 Imolem «steann With
faster 1ales al 120° the olem does not chinge bul an mrease m the
saturated glyceudes seems to ocur al the vost ol lmolem With
slower rates howevel, the olem->stearin teaction 1 perceptible

Tempetature 140° and 160°—AL 1107 the decrease moolem 18
observed even wilh faster rates  The satwated glyoenides appear at

the commencement as at 100° and 120" The huolew - stearm
reaction takes place exclusively at 160,

Temperatuie 180°—At 180" the olem nealy remams constant
with faster rates and the mam tcaclion occunng 1 Imolem->stearin
and with slowe1 1ates the olem stearu 1caction 16 perceptile

Thus the study of the hydiogenation of sesamw wil al vaisous
temperatutes points out that the mam reaction occutimg 15 hinolemn->
stearm and only at slower tates the olem->sleann teaction pre-

domunates, its velocity at 140° bemg highest as observed m the
cottonseed ol The mciease w the saturated glycersdes 1 marked

from the begmning which 15 m confumation with the cottonsecd
ol results i the present work and all other previous wor k

Safflower 0l —The concavity of the cuives al 100°, 1207, 140°
and 180° towards the right hand side of the U angle mdicates that with

faster rates there 1s no considerable mcrease 1n the saturated glyce-
nides but tt

he olein increases appreciably, nol mcreasing beyond 40
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pet cenf at any tempetature  Wuh slower 1ates, however, as m the
previous two oils, the olem steanm 1eaction takes place

The Iig & mdicates that at 160° the sicarm increases continu-
ously and there s also shght macase m olem

The hydiogenation of salflower oil, which 1s selective at taster
rates, appedars lo difler from thal of the cotlonseed and sesame ouls on
account of its hugh content of Imolem

Discussion

The resulls mdicate that duing the hydrogenation of cotton-
seed and sesame oils wm which the limolein and olein ate m the ratio
of nearly I 1 the formation of sleaim occurs at the cost of linolen
quantitatively, mdicating the sunultancous satwation of both the
double bonds 1 lmolem.  In salflower o1l however, with faster rales
the mam 1ecaction appears to be lmolem->»olemn  Thus the comse of
the 1caction of lnolem hydiogenation appeais to be a funclion of the
telative concentrations of lmolem and olemn in the odd and the 1ate of
the How of the o over the catalyst

The presence of (wo o1 mote double bonds mn the unsaturated
glycerides givestise {o vaiely ol 1eactions durmg hydiogenation Lano-
lem may gve tise Lo a duect tonmatton ot steatin, olemn o1 1ls 1somers
as mtermediafe products  Thomas (loc cit) was of the opinion that a
compound contammg two double bonds may follow one or all the
possible couses of reaciton, depending upon the nature of the catalyst
and lemperatute  Ile also states that m noumal practice all the
thice 1cactions lnolet>sicatn, hmolem->olem->steain and linolem
Stso-olem->otearn occws stmultaneously (J S C I 39, 10T, 1920)

I, Ubbelohde and T Svanoe concluded from thewr study of
the cowrse ol hydiogenation of whale oil that clupanodonic acid
absorbed four mols of hydiogen and was convetied mto linoleic acid
without formmg Imolenic acid as an infermediate product (Z angew
Chem , 1919, 39, 257 262) The for malion of no intermediate product
mndicates that the hydingenaton of an unsatutated acid contamning two
or mote double bonds may not be sticdly stepwise

Watermuan and co-workers duting theu mvestigation of the
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couse of hydiogenation of methyl inolate have teahioed the povabaliy
of the duect formation of stedii acrd tronn Tmob e aond under
certarn conditions namely, high pressie W wh plettamn oo aulive
carbon as a cafalyst al 65°C, oleatn acted o tenned b he dormed
practically without formation of oleie acxl Tl bosides, two
possible courses of reaction [moler acacd =0l aend o) somere
acids, and oleic acids and o1 (1omeric actds  steanc aend) thoy have
clamed to have suggested a thud possibiity muin v the dueel
formation of steatic acid from linoleic acid

In the piesent work also b appears thatmthe case of ol
contammg equal percentages of olent aud lmolom the course ol the
reaction which predommates 15 that ol Imohar o steam 1 the
hydrogenation of linoletn 15 assumed (0 be stepwise o the present
results mdicate that the teactions Imolum-~»olear and olum >sleann
proceed with equal velocities

Armstrong and Halditch have supposed that the speciic attrac-
tive mfluence of the nickel for the unsaluralcd orgame compound
diminishes as the unsatuwialion 1s loweied (Proc Rov. Soc 864,
1919) Thus the attraction of the catalyst tor the unsatmraled compound
1s duectly proportional to the degiee of unsatwration  Smee e fust
step m hydiogenation 15 the altiaclion hetween the  npsaturated
compound and the catalyst, it 1s nol probable thel @ nmusdure con-
taming equal quantities of linolem and olem the hydiogenation of both
the glycerides proceed with equal specds.

In the batch process the hydiogenation of olem to stearnn does
not occur till linolem concentration diops below 10 per cent which
shows that the more unsaturated Imolemn 1s hyd ogenatudd i preterence
to less unsaturated olen The spectlic altiactive mflucne e of the
catalyst seemsto be vesponsible for such prefersential aclion.  Re-
garding the attiactive mfluence theie appears to be no  didierence m
the two processes  In the continuous process also the hnolen must be
selectively hydrogenated, but the course of the 1caction miay diler

from that m the batch process on account of the ddterence m the
operating conditions
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Thete v unantmdy  among several woikers that ncreasing
pressute decteases the sclection 1 the batch process  Moore has
pomfed out that the metcase m piessuie facthitating the solution and
didfusion of hydiogen causes duect formation of stearic aud from
hinolenic z\ud on account of the wncrease in the concentration ol
hydioeen at the catadylic smface
yeliog

The continuous process which gives nonselective 1esults can
be compared with the batch process working at lugh pressure  Lush
has shown that i the continuous process diftusion 15 better than in the
batch process  Io umagmes the pictuie of the experimental conditions
in both the processes m the following mannet

Powder catalyst

) ) ot T _ R
- o - N - N1 Saturated ol
b Hydiogen +
e 1
Moving film
Tl I
| f I +F T Nt Salurated oil
l b Ilydiogen 0 A e
) R S I | P+ )
. 2

The centie porlion 1epresents a constanl mass ol catalyst  In
the Fig I, the hydiogen only 1eaches the catalysl in limted amount
while the od 15 present m excess  But m Fig 2, the hydrogen 15 in
excess and the od 18 m lmuted amount  The formation of saturated
ol appears to be more m Fig 2 thanm Fig 1(JSCT, 1925, 44,
129T)  Thus the two processes diter 1cgarding the availability of
hydiogen  In the continuous process wheie the diftusion 15 bettel,
the hydiogen available al the catalyst surface 1s moie and the direct
for mation ot stearic acd from hnoletc acid takes place
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The hydrogenation ol the component ghvecrides ot saltlower
otl has not been previously studied erther 1@ baly Boprovess oy
contimuous process,  The tesults oblamed e the presentmvestigabion
throw bight on ihe miluence ol the relabive proportion of hnolem to
olemn on the sclectivity of hydiogination

*

Inthe hydiogenation of sattlower ol i 1 eyt tved that witl
faster rates the linolem->stearm seaction takes place  Tlus result
different from that obtamed for cotlonseed andd sesanwe ads L appeas
that thus change i the coutse ol reaction of lolem occurs v account
of the excess lmolem as compared with olem

1t 18 well known that unsatmrated acuds fike hnolene or olete
are more easily digested than saturated acuds having the samc number
of carbon atoms (Sprechermann Z{ Nalu U Guiv 27, 85, 1914)
(Rudolt Zt Physiol Chem 101, 99, 1918)  From tus pomt o} view, &
semr-solid fat should contamn « constderable amount of unsafurated
acids, The picsence of olem 1s prefenred to lmolewn, as 1t 15 suseep
tible {0 oxidation and rancidity

The serous difficully of several factories using the conlinous
method i producing hydiogenated fats with good heeping quahty
now well understood 1n hight of the lacl that hydiogenation by this
process 1s nonselective  The present 1esults have mdicated that wath
tasl 1ate of flow of the o1l over {he catalyst the hnolem - olen reaction
proceeds and olem->stearm 1eaction does not veour  considerably
Thus to imp1ove the keeping qualities, and to produce « sample most
swiable for edible pmposes by contmuous process, it 15 advisable
to recirculate the oil over the catalyst with fasler tates worder to
obtam the desired degree of hardness It 1o also essentaal Lo choose
an ol contaming less of lnolem as 2 slarting matesial,

SUMMARY
A briel survey of the Iterature on ihe selectivity of hydio-
genation 15 given
The selectnity m the hydrogenation ol cotlonseed, sesame and

safflowe
: dowul; oils at various temper atures by the conlinuous process 1
stuched by the use of Roozeboom's triangular diagram.
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In the case of collonsced and sesame oils, the hydrogenation 1s
found to be non-selective, wlhich 11 confirmation with previous
1esults

Scleetivily 15 obscived durimg the hydiogenation of safflower
arl with taster tafes ot the How of the ol

The resuls also mdicate that the coutse of the reaction of
lmolem depends upon the 1elative concentrations of Imolein and olein
in the o1l The hinolem->steann 1eaction predomnates when linolen
and olein are m the 1atio of nearlyl 1 On the other hand the
hnolein->olem 1eaction takes place when they are mthe iatio of
1 025
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