
74 
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A s impl i f i ca t ion  o f  the  Horiut i -Polanyi  reac t ion  
s c h e m e  for  the  h y d r o g e n a t i o n  o f  tr iacylg lycerols  tak- 
ing into  a c c o u n t  sa turat ion  and cis-trans i s o m e r i z a t i o n  
o f  double  b o n d s  and n e g l e c t i n g  the ir  p o s i t i o n a l  iso- 
m e r i z a t i o n  is  presen ted .  From the  c o m p a r i s o n  o f  
e x p e r i m e n t a l  and ca lcu la ted  k ine t i c  runs,  the  rate  
c o n s t a n t s  o f  indiv idual  reac t ion  s t eps  are o b ta ined  
and the  e f f e c t s  o f  hydrogen  f low,  hydrogen  d i spers ion ,  
oi l  u n s a t u r a t i o n  and cata lys t  qual i ty  on  t h e  rate  
c o n s t a n t s  are e x a m i n e d .  Criteria  for  c o m p r e h e n s i v e  
charac ter i za t ion  o f  the  p r o c e s s e s  occurr ing  in the  
c o u r s e  o f  hydrogenat ion ,  i.e., sa turat ion  and i somer i -  
za t ion  indices ,  are  proposed .  

KEY WORDS: cis-trans I s o m e r i z a t i o n ,  hydrogenat ion ,  
k ine t i c s ,  m e c h a n i s m ,  rate cons tants ,  sa turat ion ,  
tr iacylglycerols .  

Partial hydrogenation of triacylglycerols is an established 
and mature  industry. Despite this, large gaps exist in the 
knowledge of the basic hydrogenation mechanism, 
obviously owing to its complexity. Horiuti and Polanyi (1) 
first proposed a mechanism for the hydrogenation of 
oleic acid catalyzed with a nickel catalyst (Scheme 1). The 
mechanism includes absorption of a double bond on the 
nickel catalyst, formation of the half-hydrogenated inter- 
mediate, formation of the sa turated compound as well as 
positional and cis- trans isomerization of double bonds in 
fat ty acids. The individual reaction steps are mostly 
reversible. Scheme 1 leaves aside such processes as 
dissolution and diffusion of hydrogen into the bulk of oil, 
adsorption of hydrogen on the catalyst surface, diffusion 
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Scheme 1. Horiuti-Polanyi reaction scheme for the hydrogenation of 
oleic acid on nickel catalyst. 

*To whom correspondence should be addressed. 

of oil to the catalyst, etc., which are not chemical 
reactions, but which can considerably affect the kinetics 
of hydrogenation. 

The original Horiuti-Polanyi reaction scheme involves 
18 rate constants. To quantitatively analyze such a 
complex scheme and obtain reliable values of rate con- 
stants is an almost unsolvable task. Numerous attempts 
presented extensively in reference 2 have been made to 
describe the hydrogenation by simpler kinetic schemes. 
In this paper  an alternative kinetic scheme based on the 
simplification of the Horiuti-Polanyi mechanism is pro- 
posed. The scheme allows for hydrogenation and c/s- 
t rans  isomerization of double bonds; positional isomeri- 
zation is neglected. By the simultaneous t reatment  of the 
kinetic runs for iodine value and t rans- isomer content, 
t h e  rate constants  of individual reaction steps are 
obtained. The effects of flow rate of hydrogen, hydrogen 
dispersion, oil unsaturat ion and catalyst quality on the 
rate constants  of individual kinetic steps are examined. 

EXPERIMENTAL PROCEDURES 

Refined, bleached and deodorized olive, sunflower and 
linseed oils with iodine values of 85.2, 130.8 and 191.0, 
respectively, were used for hydrogenations catalyzed 
with two commercial nickel catalysts: NYSEL DM3 with Ni 
content  25% by wt. (Harshaw Chemie, The Netherlands), 
and STZ with 13.6% Ni bywt. (Usti nad Labem, Czechoslo- 
vakia). The fatty acid compositions of oils determined by 
Christopherson and Glass (3) are given in Table 1. 

Hydrogenations were carried out in two 250-mL glass 
reactors with free outlet of unreacted hydrogen. The 
reactors differed in hydrogen distribution. In the first 
type, hydrogen was introduced through a tube with inner 
diameter of 3 mm situated at the bot tom of the vessel so 
that  the dispersion of hydrogen was poor. In the other 
type, with good dispersion, hydrogen was finely dispersed 
by bubbling it through the sintered glass bottom. A charge 
of 200 g of oil was used for each run, the content of the 
reactor  was agitated by bubbling hydrogen. The flow rate 
of hydrogen was 75 and 135 L h -1. 

The oil sample was thermostat ted at 180~ After the oil 
reached this temperature,  the catalyst was added in a 
concentration of 0.1% Ni/oil by wt. Hydrogenations were 
carried out to nearly zero iodine values and oil samples 
were taken from the reactor  at chosen time intervals. The 
iodine values of f'fltered samples were determined by the 
Hanug method (4). The t rans  isomer content  was deter- 
mined using a SPECORD 71 IR spectrometer  (Carl Zeiss, 
Jena, Germany) according to the s tandard AOCS 
methods (5). 

Theoretical. The simplification of the Horiuti-Polanyi 
reaction mechanism is based on the assumptions that  the 
adsorption on and desorption of double bonds from the 
catalyst surface are not the rate-limiting steps, and that  
hydrogen chemisorption is so rapid that  its equilibrium is 
not affected by the hydrogen consumption in the course 
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SIMPLIFIED HORIUTI-POLANYI SCHEME 

TABLE 1 

Fatty Acid Composit ion of  Oils 

Oil 

Palmitic Stearic Oleic Linoleic Linolenic 
acid acid acid acid acid 

% bywt. % bywt. % bywt. % bywt. % bywt. 

Olive 9.1 2.4 78.7 9.8 - -  
Sunflower 6.6 3.3 24.2 65.9 - -  
Linseed 5.2 2.6 18.2 16.3 57.7 
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Scheme 2. Simplified Horiuti-Polanyi reaction scheme. 

of  h y d r o g e n a t i o n .  S c h e m e  1 shows  t h a t  t h e  i somer i za t i on  
a n d  s a t u r a t i o n  of  doub le  b o n d s  a r e  no t  i n d e p e n d e n t ,  
b o t h  r e a c t i o n s  s t a r t  f r om t h e  h a f t - h y d r o g e n a t e d  i n t e r m e -  
d ia te .  Taking t h e  neg lec t  of  pos i t i ona l  i somer i za t i on  in to  
accoun t ,  t h e  I-Ioriut i-Polanyi  m e c h a n i s m  can  be r e d u c e d  
to  t h e  fo rm as  s h o w n  in Scheme  2. 

The  s impl i f ied  r e a c t i o n  s c h e m e  c o n t a i n s  on ly  five r a t e  
cons t an t s .  I t  c an  be  d e s c r i b e d  by  t h e  fol lowing se t  of  
k ine t ic  equa t ions :  

d C l / d t  = - klCl + ksh [1] 

d c 2 / d t  = k3h - k2c2 [2] 

dc3 /d t  = k4h [3] 

w h e r e  cl  is t he  c o n c e n t r a t i o n  of  c /s  doub le  bonds ,  c 2 is 
t h a t  of  t rans  doub le  bonds ,  ca m e a n s  t h e  c o n c e n t r a t i o n  of  
s a t u r a t e d  b o n d s  f o r m e d  in t h e  c o u r s e  of  h y d r o g e n a t i o n ,  h 
is t h e  c o n c e n t r a t i o n  of  t he  h a f t - h y d r o g e n a t e d  i n t e r m e -  
d i a t e  a n d  t s t a n d s  for  t ime.  The  c o n c e n t r a t i o n  of  t h e  haft-  
h y d r o g e n a t e d  s t a t e  can  be e x p r e s s e d  by  the  m a t e r i a l  
ba lance :  

h : c~ - c 1 - c 2 - c 3 

w h e r e  c~ is the  c o n c e n t r a t i o n  o f  doub le  b o n d s  be fo re  
h y d r o g e n a t i o n  ( i t  is a s s u m e d  t h a t  t h e  oil c o n t a i n s  solely 
c /s  doub le  b o n d s  before  h y d r o g e n a t i o n ) .  

In  c a l cu l a t i ons  it is n e c e s s a r y  to  m a n i p u l a t e  wi th  
c o n c e n t r a t i o n s  e x p r e s s e d  in h o m o g e n e o u s  uni ts .  The i r  
e x p r e s s i o n  in t h e  moles  of  b o n d s  (cis-double, trans-  
doub le  a n d  s a t u r a t e d )  p e r  100 g oil  s e e m s  to us  to  be 
a p p r o p r i a t e .  As t r i e l a id in  c o n t a i n s  t h r e e  t rans  doub le  
bonds ,  t he  c o n c e n t r a t i o n  c2 is given as  

c2 : 3 X (%TI) /M 

w h e r e  %TI is t h e  t rans  i somers  c o n t e n t  e x p r e s s e d  in 
p e r c e n t  of  t r i e l a id in  a n d  M = 885.5 g mo1-1 is t h e  m o l a r  
we igh t  of  t r ie la id in .  The c o n c e n t r a t i o n  of  s a t u r a t e d  
b o n d s  f o r m e d  in t h e  cour se  of  h y d r o g e n a t i o n  can  be 

c a l c u l a t e d  f rom the  iod ine  va lues  w h i c h  i n d i c a t e  t h e  
a d v a n c e  of  oil s a t u r a t i o n :  

c a = (IV o - IV)/M(I2)  [6] 

w h e r e  IVo is t h e  iod ine  va lue  a t  t he  t ime  t=0, IV is t h e  
iod ine  v a l u e  a t  t ime  t a n d  M(I2) = 253.8 g mo1-1 is t he  m o l a r  
weight  of  iodine.  

The  se t  of  d i f fe ren t i a l  k ine t ic  e q u a t i o n s  [1 ] t h r o u g h  [3] 
is so lved  n u m e r i c a l l y  by  t h e  f o u r t h - o r d e r  R u n g e - K u t t a  
m e t h o d  for  t he  in i t ia l  c o n d i t i o n s  c~=IVo/M(I2), c~=0, c~=0 
a t  t h e  t ime  t=0. The  r a t e  c o n s t a n t s  a r e  o b t a i n e d  f rom 
kinet ic  r u n s  by  min imiz ing  t h e  sums  of  s q u a r e s  of  devia-  
t ions  b e t w e e n  the  c a l c u l a t e d  a n d  e x p e r i m e n t a l  concen -  
t r a t i o n s  c2 a n d  c3. The  m i n i m i z a t i o n  is c a r r i e d  o u t  by  t h e  
s imp le x  m e t h o d  (6); t h e  min imiza t ion  p a r a m e t e r s  a r e  t h e  
va lues  of  t he  r a t e  c o n s t a n t s .  P r e l i m i n a r y  c a l cu l a t i ons  
s h o w e d  t h a t  in all  c a se s  b u t  one,  t he  v a l u e  of  t h e  r a t e  
c o n s t a n t  k~ w a s  lower  by  a b o u t  four  o r d e r s  t h a n  t h e  o t h e r  
c ons t a n t s ,  t h u s  i nd i c a t i ng  t h a t  t h e  f o r m a t i o n  of  t h e  haft-  
h y d r o g e n a t e d  i n t e r m e d i a t e  f rom a cis doub le  b o n d  can  be  
t r e a t e d  as  a s imple  f i r s t - o r d e r  reac t ion .  Therefore ,  i t  is 
p u t  ks=0 a n d  t h e  s u m  of  squa re s  is m in imized  wi th  
r e s p e c t  to  t h e  r a t e  c o n s t a n t s  kl, k2, k3 a n d  k4. The 
a c c u r a c y  of  iod ine  va lue  d e t e r m i n a t i o n  is h igher  t h a n  
t h a t  of  t h e  d e t e r m i n a t i o n  of  t rans  i somers  con ten t .  F o r  
th is  r ea son ,  in c a l c u l a t i o n s  the  s t a t i s t i c a l  weight  of  2 is 
a s s igned  to  t h e  k ine t ic  cu rve  c3 a n d  t h e  we igh t  of  1 to  t h e  
c u r v e  c 2 .  

RESULTS AND DISCUSSION 

The e x p e r i m e n t a l  k ine t ic  cu rves  of  i od ine  va lue  a n d  of  
[4] t rans  i s o m e r  c o n t e n t  a r e  p r e s e n t e d  in F igu re s  1 to  4. 

These  e x p e r i m e n t a l  r e su l t s  w e r e  r e c a l c u l a t e d  us ing  equa-  
t ions  [5] a n d  [6], a n d  t h e  r a t e  c o n s t a n t s  w e r e  o b t a i n e d  
f rom t h e s e  t r a n s f o r m e d  e x p e r i m e n t a l  d a t a  by  t h e  non-  
l i nea r  l e a s t - s q u a r e s  m e t h o d .  The  re su l t s  of  t he  ca lcu la -  
t ions  a r e  given in Tables 2-4.  The a g r e e m e n t  r e a c h e d  
b e t w e e n  e x p e r i m e n t a l  a n d  c a l c u l a t e d  curves  is good,  
wh ich  p o i n t s  ou t  t h a t  t h e  s impl i f ied  Hor iu t i -Po lany i  
m e c h a n i s m  given by  S c h e m e  2 a d e q u a t e l y  desc r ibes  b o t h  
oil s a t u r a t i o n  a n d  cis- trans  i somer i za t ion  in t h e  c o u r s e  of  
h y d r o g e n a t i o n .  C o m p a r i s o n  of  e x p e r i m e n t a l  a n d  ca lcu-  
l a t ed  k ine t ic  r u n s  for  a case,  wh ich  is n e i t h e r  t h e  be s t  no r  

[5] t he  w o r s t  one,  is i l l u s t r a t e d  in F igure  5. 
The s impl i f ied  r e a c t i o n  s c h e m e  follows t h e  l e a d ing  i dea  

of  t he  o r ig ina l  Hor iu t i -Po lany i  m e c h a n i s m  t h a t  t h e  iso- 
m e r i z a t i o n  a n d  s a t u r a t i o n  of  oil s t a r t  f r om t h e  haf t -hy-  
d r o g e n a t e d  i n t e r m e d i a t e .  None  of  t he  s c h e m e s  r ev iewed  
in r e f e r e n c e  2 t a k e s  in to  a c c o u n t  t h e  e x i s t e n c e  of  t he  
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FIG. 2. I o d i n e  v a l u e  a s  a f u n c t i o n  o f  r e a c t i o n  t i m e  for  h y d r o g e n  
f l o w  r a t e  75 L / h r .  

FIG. 1. D e p e n d e n c e  o f  i o d i n e  v a l u e  o n  t h e  r e a c t i o n  t i m e  f o r  p r o d u c t  of  bo th  cons t an t s ,  p rov ides  q u a n t i t a t i v e  es t ima-  
hydrogen f l o w  ra te  135 L / h r .  

t ion  of  t he  sens i t iv i ty  of  oil to  h y d r o g e n a t i o n :  

i n t e r m e d i a t e .  I n t e r p r e t a t i o n  of  o u r  r a t e  c o n s t a n t s  is t h u s  
c l e a r e r  s ince  t h e y  do  n o t  involve such  a n u m b e r  of  effects  
as  t h e  global  r a t e  c o n s t a n t s  (2).  

The  r e a c t i o n s  in S c h e m e  2 a r e  p s e u d o - u n i m o l e c u l a r ,  
t h e  r a t e  c o n s t a n t s  impl ic i t ly  involve t h e  c o n c e n t r a t i o n  o f  
h y d r o g e n  c h e m i s o r b e d  on the  c a t a l y s t  surface .  Conse-  
quent ly ,  the i r  va lues  s h o u l d  d e p e n d  on  the  s a t u r a t i o n  of  
oil w i th  hydrogen .  The  va lues  of  kl, k2 a n d  k4 s h o u l d  
i n c r e a s e  a n d  k3 s h o u l d  d e c r e a s e  w i t h  inc reas ing  hyd ro -  
gen c o n c e n t r a t i o n  in t h e  bu lk  of  oil. As  can  be seen  f rom 
Tables 2-4,  t he  va lues  of  r a t e  c o n s t a n t s  ho ld  th is  p r e d i c t -  
ed  t r e n d  for  i nc reas ing  h y d r o g e n  f low as  well  as  for  b e t t e r  
h y d r o g e n  d ispers ion .  The  effect  of  d i spe r s ion  is m o r e  
p r o n o u n c e d ,  w h i c h  is in a g r e e m e n t  b o t h  wi th  o u r  obse r -  
va t i ons  a n d  p u b l i s h e d  re su l t s  (7,8). 

The  va lues  of  r a t e  c o n s t a n t s  offer  t he  poss ib i l i ty  to  
i n t r o d u c e  c r i t e r i a  for  a m o r e  c o m p r e h e n s i v e  c h a r a c t e r i -  
za t ion  of  t he  p r o c e s s  o f  h y d r o g e n a t i o n .  An  i m p o r t a n t  
c h a r a c t e r i s t i c  is t he  r a t e  of  doub le  b o n d s  s a t u r a t i o n .  As  i t  
is obvious  f rom Scheme  2, th is  r a t e  d e p e n d s  ma in ly  on  t h e  
p a r t i a l  r a t e s  of  t h e  h a l f - h y d r o g e n a t e d  i n t e r m e d i a t e  for-  
m a t i o n  a n d  of  t he  i n t e r m e d i a t e  s a t u r a t i o n .  The g r e a t e r  
t he  r a t e  c o n s t a n t s  k I a n d  1(4 are,  t h e  m o r e  r a p i d  h y d r o -  
gena t ion  is. Hence,  t h e  s a t u r a t i o n  index ,  s, given as  t h e  

S = k lk  4 [7] 

The f o r m a t i o n  o f t r a n s  i somer  p r o c e e d s  r a p i d l y i f t h e  r a t e  
c o n s t a n t  k3 is g r e a t  a n d  r a t e  c o n s t a n t s  k2 a n d  k4 a re  small .  
Then,  t he  i somer iza t ion  index ,  i, a l lows us  to see t he  
t e n d e n c y  of  oil to  isomerize:  

i :  k3/(k2k4) [8] 

This  coeff ic ient  is an ana logy  o f  t he  specif ic  i somer iza t ion  
i n d e x  w h i c h  gives t he  n u m b e r  o f i s o m e r i z e d  double  b o n d s  
p e r  a h y d r o g e n a t e d  b o n d  (9,10). However ,  the  specific 
h y d r o g e n a t i o n  i n d e x  is a func t ion  of  t he  convers ion  of  
h y d r o g e n a t i o n  (10); an  a d v a n t a g e  of  t he  i somer iza t ion  
i n d e x  e x p r e s s e d  by  e q u a t i o n  [8] is t h a t  i t  is cons t an t .  
F r o m  Tables 2 -4  it c an  be seen  t h a t  s i nc reases  a n d  i 
d e c r e a s e s  w h e n  the  c o n c e n t r a t i o n  of  h y d r o g e n  in t he  oil 
is higher .  Again,  t he  r e su l t s  s h o w  m u c h  g r e a t e r  inf luence  
of  h y d r o g e n  d i spe r s i on  t h a n  t h a t  of  t h e  flow r a t e  of  
h y d r o g e n  on t h e  r a t e  of  h y d r o g e n a t i o n .  

F o r  t h e  s a m e  reg imes  o f  h y d r o g e n a t i o n ,  t he  r a t e  
c o n s t a n t s  d e p e n d  on oil u n s a t u r a t i o n .  In  t h e  ser ies  olive- 
sun f lower - l i n seed  oils t he  va lue s  of  kl, k2 a n d  k 3 d e c r e a s e  
a n d  1<4 r e m a i n s  c o n s t a n t  o r  i n c r e a s e s  slightly, t he  i n d e x  s 
d e c r e a s e s  a n d  i increases .  Obviously,  t he  r e a s o n  for  t he se  
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FIG. 3. trans Isomer content for the hydrogen flow rate 135 L/hr.  

a l t e ra t ions  lies in t he  fac t  t h a t  t he  or iginal  Horiut i -  
Polanyi  m e c h a n i s m  has  been  found  for monoeno ic ,  i.e, 
oleic acid. F r o m  the  oils s tud ied  here ,  only  olive oil is 
monoeno ic ,  sunf lower  oil inc ludes  mos t ly  dienoic  a n d  
l inseed  oil t r ienoic  fa t ty  ac ids  (Table 1). In the  p r e s e n c e  of  
nickel  catalyst ,  t he  C=C bonds  in polyenoic  acids  a re  
h y d r o g e n a t e d  consecut ively ,  no t  s imul taneous ly .  The  
double  bonds  a p p r o a c h  the  ca ta lys t  su r face  gradual ly,  
one  by one, wh ich  is m a n i f e s t e d  in the  m e n t i o n e d  
d e c r e a s e  o f  r eac t i on  c o n s t a n t s  in c o m p a r i s o n  wi th  t h e  
m o n o e n o i c  oil w h e n  the  e x p e r i m e n t a l  d a t a  are  t r e a t e d  
us ing Scheme  2. As it is obvious  f rom the  va lues  of  

~.TI 
40 

30 

20 

90 80 
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FIG.  4. t r a n s  I s o m e r  c o n t e n t  f o r  t h e  h y d r o g e n  f l o w  r a t e  75 L / h r .  

i somer iza t ion  indices,  t he  polyenoic  oils exhibi t  g r ea t e r  
t e n d e n c y  to isomerize.  It  is obviously  due  to a g rea t e r  
n u m b e r  of  r eac t ion  p a t h s  lead ing  to t he  d e c a y  of  the  haft- 
h y d r o g e n a t e d  s t a t e  to t r a n s  acids. 

The va lues  of  the  r a t e  c o n s t a n t s  enab le  us to look into 
the  ca ta lys t  activity. F r o m  the  e x p e r i m e n t s  it has  been  
found  t h a t  t he  ca ta lys t  NYSEL is m o r e  act ive  t h a n  STZ. 
Tables 2 -4  s h o w  t h a t  t he  c o n s t a n t s  ki a n d  k 2 are  g r ea t e r  
for  NYSEL t h a n  for  STZ, t h e  c o n s t a n t s  k3 and  k4 have  no 
u n a m b i g u o u s  t rend .  This leads  to  t he  conc lus ion  t h a t  the  
ca ta lys t  ac t iv i ty  is d e t e r m i n e d  ma in ly  by the  r a t e  of  
f o r m a t i o n  of  the  ha f t -hyd rogena t ed  s tate .  I t  is a m a t t e r  of  
cou r se  t h a t  this  r a t e  impl ic i t ly  involves t he  diffusion and  
a d s o r p t i o n  o fo i l  on the  ca ta lys t  surface.  Accordingly ,  any  
p rocess  of  t h e  diffusion, off a d s o r p t i o n  and  the  haft- 
h y d r o g e n a t e d  i n t e r m e d i a t e  f o r m a t i o n  can  be decis ive for  
t he  ca ta lys t  activity. The  fac t  t h a t  the  ac t iv i ty  is no t  
d e t e r m i n e d  by the  r a t e  c o n s t a n t  k4 ind ica tes  t h a t  the  

TABLE 2 

R a t e  C o n s t a n t s  o f  H y d r o g e n a t i o n  o f  Ol ive  Oi l  

H 2 f low ra t e  kl k2 k~ k4 Satur .  Isomer .  
Ca ta lys t  ( L / h r )  (man-l)  (man-l)  (man-l)  (man-l)  i ndex  i n d e x  

STZ 75 a 1.15 E-2 1.01 E-1 4.16 E-1 4.42 E-2 5.14 E-4 93.1 
STZ 758 3.64 E-2 1.36 E-1 3.39 E-1 9.52 E-2 3.47 E-3 26.2 
STZ 135 a 1.67 E-2 8.48 E-2 3.13 E-1 5.45 E-2 9.11 E-4 67.6 
STZ 135 b 4.01 E-2 1.16 E-1 3.39 E-1 1.09 E-1 4.44 E-3 26.8 
NYSEL 75 a 1.38 E2  9.72 E-2 4.17 E-1 4.59 E 2 6.36 E 4 93.4 
NYSEL 758 6.44 E-2 1.26 E-1 3.33 E-1 1.08 E 1 6.98 E-3 24.5 
NYSEL 135 a 2.28 E-2 1.28 E-1 3.12 E-1 4.84 E-2 1.10 E-3 62.0 
NYSEL 135 b 1.24 E-1 2.71 E-1 2.38 E-1 6.49 E-2 8.02 E-3 13.5 

apoor dispersion of hydrogen. 
bGood dispersion of hydrogen. 
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TABLE 3 

Rate Constants of  Hydrogenation of  Sunflower Oil 

P. SIMON E T A L .  

H 2 flow rate  k 1 k 2 k3 1(4 Satur. Isomer. 
Catalyst (L/hr )  (min-1) (min -1 ) (min -1) (min -1) index index 

STZ 75 a 6.64 E-3 2.59 E-2 2.87 E-1 6.92 E-2 4.59 E-4 160.6 
STZ 75 b 9.47 E-2 3.44 E-2 4.37 E-2 2.13 E-2 2.02 E 3 59.6 
STZ 135 a 1.06 E-2 2.92 E-2 2.28 E-1 7.08 E-2 7.51 E-4 110.4 
STZ 135 b 3.47 E-2 2.28 E-2 1.18 E-1 9.19 E-2 3.19 E-3 56.3 
NYSEL 75 a 6.55 E-3 8.57 E-2 4.34 E-1 4.89 E-2 3.20 E-4 103.4 
NYSEL 75 b 4.85 E-2 5.69 E-2 1.36 E-1 8.34 E-2 4.04 E-3 28.6 
NYSEL 135 a 1.25 E-2 2.43 E-2 6.49 E-2 3.63 E-2 4.54 E-4 73.5 
NYSEL 1358 6.90 E-2 4.76 E-2 1.23 E-1 1.04 E-1 7.21 E-3 24.7 

aPoor dispersion of hydrogen. 
bGood dispersion of hydrogen. 

TABLE 4 

Rate Constants of  Hydrogenation of  Linseed Oil 

H 2 flow rate kl 1(2 k3 k4 Satur. Isomer. 
Catalyst (L /hr )  (min ]) (min 1) (rain l) (min 1) index index 

STZ 135 a 7.29 E-3 1.56 E-2 3.11 E-1 7.52 E-2 5.48 E-4 265.4 
STZ 1358 3.83 E-2 1.78 E-2 9.82 E-2 1.12 E 1 4.27 E-3 49.4 
NYSEL 135 a 7.63 E-3 1.75 E-2 1.25 E-1 9.13 E-2 6.97 E-4 78.4 
NYSEL 135 b 4.66 E 2 3.88 E 2 2.24 E-1 2.84 E-1 1.32 E-2 20.4 

apoor dispersion of hydrogen. 
bGood dispersion of hydrogen. 

. i .  

'= F~ _ ~ C 3 exp 
30 \,~I 

L / ~ , / / r  h . " '0  . . . .  ~ , , = " . 6  l ~ ~  -'. "-.':_'_-o--.._ ~ ~ _ . _ , C ~ c e , c  
o ~ ~ ~ " ~ : : : : ~ - : = ~ c 2 . ; ,  

100 200 300 400 
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FIG. 5. Experimental  and calculated concentrations of  saturated 
and isomerized double bonds in the hydrogenation of  olive oil 
wi th  STZ catalyst,  hydrogen f low rate 75 L/hr,  poor dispers ion of  
hydrogen. 

a s s u m p t i o n  o f  e q u i l i b r i u m  c h e m i s o r p t i o n  o f  h y d r o g e n  is 
c o r r e c t .  

T h e  r e s u l t s  p r e s e n t e d  h e r e  d e m o n s t r a t e  t h a t  t h e  
r e d u c e d  H o r i u t i - P o l a n y i  s c h e m e  is s u i t a b l e  fo r  t h e  
d e s c r i p t i o n  o f  oi l  h y d r o g e n a t i o n .  T h e  m a i n  c o n t r i b u t i o n  
o f  S c h e m e  1 is t h a t  i t  m a k e s  i t  p o s s i b l e  t o  a n a l y z e  t h e  
i n f l u e n c e  o f  r e a c t i o n  c o n d i t i o n s  o n  t h e  r a t e  c o n s t a n t s  o f  
i n d i v i d u a l  r e a c t i o n  s t e p s  a n d  o f f e r s  t h e  p o s s i b l i t y  o f  
q u a n t i t a t i v e  d e s c r i p t i o n  a n d  c o m p u t e r  s i m u l a t i o n  o f  t h e  
p r o c e s s .  
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