
RESULTS AND DISCUSSION
CHAPTER IV

A c c o rd in g  to  th e  p r e v io u s  w o rk ,  K r i t s a n a k u n  et al., ( 2 0 1 3 )  s tu d ie d  th e  e f fe c t  
o f  m e ta l  lo a d in g  in  b i - f u n c t io n a l  c a ta ly s ts  ( P t /H Y )  fo r  th e  h y d r o t r e a te d  re n e w a b le  j e t  
(H R J )  fu e l p ro d u c t io n  f ro m  h y d r o g e n a te d  b io d ie s e l (H B D )  d e r iv e d  f ro m  ja t r o p h a  o il. 
F ro m  th e  c a ta ly t ic  a c t iv i ty  te s t in g  r e s u lts ,  th e  0.1 w t%  P t/H Y  s h o w e d  a  h ig h  j e t  fu e l 
y ie ld  w i th  3 t im e s  lo w e r  m e ta l  lo a d in g  a s  c o m p a re d  to  0 .3  w t%  P t /H Y . C o n s e q u e n t ly ,  
0 .1  w t%  P t  lo a d in g  w a s  c h o s e n  to  b e  a  c a ta ly s t  in  th i s  r e s e a rc h .

4.1 Feed and Standard Analysis

T h e  c h r o m a to g r a m  o f  v a r io u s  /7 -p a ra ffin  f e e d s to c k s  in  th e  h y d r o g e n a te d  
b io d ie s e l  r a n g e  in c lu d in g  p e n ta d e c a n e  (77- C 15), h e x a d e c a n e  {ท-C\è), h e p ta d e c a n e  
(77- C 17) a n d  o c ta d e c a n e  (/7- C 18) a n a ly z e d  b y  a  G C /F I D  ( A g i le n t  7 8 9 0 A )  w h ic h  
e q u ip p e d  w i th  D B -5  c o lu m n  is s h o w n  in  F ig u r e  4 .1 .  B e s id e s  p e a k s  o f  th e  / / -p a ra f f in s ,  
a  li t t le  a m o u n t  o f  / s o - p a r a f f in s  w a s  a ls o  o b s e rv e d . M o re o v e r ,  th e  p e a k  o f  c a r b o n  
d i s u lf id e  u s e d  a s  a  s o lv e n t  a p p e a re d  o n  th e  c h r o m a to g r a m  a t 1 .2 0  m in .

Figure 4.1 Chromatogram of various «-paraffin feedstocks in the HBD range
analyzed by a GC/FID.
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In o r d e r  to  id e n t i fy  th e  p r o d u c ts ,  it is  n e c e s s a ry  to  d e te rm in e  th e  r e te n t io n  
t im e s  fo r  e a c h  p r o d u c ts  p e a k  b y  u s in g  m ix tu r e  o f  s ta n d a r d  c h e m ic a ls .  T h e  
c h r o m a to g r a m  o f  s ta n d a r d  c h e m ic a ls  f o r  p o te n t ia l  p r o d u c ts  is  s h o w n  in  F ig u r e  4 .2  
w h i le  th e  r e te n t io n  t im e s  fo r  th e  s ta n d a r d  c h e m ic a ls  a re  l i s te d  in  T a b le  4 .1 .

Figure 4.2 C h r o m a to g r a m s  o f  s ta n d a r d  c h e m ic a ls  in c lu d in g  /7- p e n ta n e  (77-C5), 
/7- h e x a n e  (n-Ce), /7- h e p ta n e  (/7-C7), /7- o c ta n e  {ท-c%), /7- n o n a n e  (/7-C9), /7- d e c a n e  
(/7-C10), /7- d o d e c a n e  (/7-C12), /7- p e n ta d e c a n e  (/7-C15), /7- h e x a d e c a n e  (/7-C16), 
/7- h e p ta d e c a n e  ( 77- C 17), /7- o c ta d e c a n e  (/Z -C is) a n a ly z e d  b y  a  G C /F ID .

For the gas reference standard, it was analyzed by a GC/FID (Shimadzu 
GC-17A) equipped with HP-PLOT-AI2O3 column. The chromatogram of standard 
gas mixture is shown in Figure 4.3 and the retention times of the standard gas 
mixture are also listed in Table 4 .1.



40

c

400

300

200

100

0

Figure 4.3 C h ro m a to g ra m  o f  th e  s ta n d a rd  g a s e s ,  (a )  m e th a n e ,  e th a n e ,  p r o p a n e  a n d  
« - b u ta n e ,  (b )  « - p e n ta n e ,  « - h e x a n e ,  « -h e p ta n e , « - o c ta n e  a n d  « - n o n a n e .
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Table 4.1 R e te n t io n  t im e s  o f  s ta n d a r d  c h e m ic a ls  a n d  s ta n d a r d  g a s  m ix tu r e  a n a ly z e d  
b y  a G C /F ID  ( A g i le n t  G C  7 8 9 0 A  a n d  S h im a d z u  G C -1 7 A , r e s p e c t iv e ly )

Standard chemicals Retention
time Standard gas mixture Retention

time
« - P e n ta n e  («-C5) 1 .1 4 M e th a n e  (Cl) 3 .9 2

« -F le x a n e  (n-C-6) 1 .2 6 E th a n e  ( C 2 ) 4 .5 6
« - H e p ta n e  («-C7) 1 .4 4 P r o p a n e  (C3) 6 .9 6
« - O c ta n e  (« -C s ) 1 .8 9 « -B u ta n e _ (« -C 4 ) 1 1 .8 0
« - N o n a n e  («-C9) 2 .9 5 « - P e n ta n e  («-C5) 15 .9 5
« - D e c a n e  (« -C io ) 5 .4 6 « - H e x a n e  (n-Cs) 2 0 .3 2
« - U n d e c a n e  ( « - C 11) 1 1 .1 9 « - H e p ta n e  ( « - C 7) 2 6 .1 3
« - D o d e c a n e  («-Cl2) 1 6 .2 6 « - O c ta n e  (« -C s ) 3 2 .3 0
« - T r id e c a n e  («-Cl3) 1 9 .9 7 « - N o n a n e  («-C9) 4 1 .7 3
« - T e t r a d e c a n e  («-Cl4) 2 2 .9 6
« - P e n ta d e c a n e  («-Cl5) 2 5 .9 5
« - H e x a d e c a n e  («-Cl6) 2 8 .3 9
« - H e p ta d e c a n e  («-Cl7) 3 0 .7 6
« - O c ta d e c a n e  ( « - C l 8 ) 3 3 .5 2

F o r  e x a m p le ,  a  c h r o m a to g r a m s  o f  l iq u id  a n d  g a s  p r o d u c ts  o b ta in e d  o v e r  
P t/F IY  (S i /A l r a t io  o f  1 0 0 ) o p e ra te d  a t  o p e ra t in g  c o n d i t io n s :  3 1 0  ๐c ,  5 0 0  p s ig ,  LF1SV  
o f  1.0 h"1, F h / f e e d  m o la r  ra t io  o f  3 0 , a n d  T O S  o f  6  h  a r e  s h o w n  in  F ig u r e  4 .4 . In  
F ig u re  4 .4  (a ) , th e  c h r o m a to g r a m  o f  l iq u id  p r o d u c ts  w a s  g r o u p e d  in to  th r e e  m a in  
p a r ts  w h ic h  a re  g a s o l in e  fu e l (Cs-Cs), j e t  fu e l (Cç-Cm), a n d  r e m a in in g  f e e d  o r  d ie s e l  
fu e l (C15-C18) a t th e  r e te n t io n  t im e s  o f  1 .1 4 -2 .9 5  m in , 5 .4 6 - 2 2 .9 6  m in , a n d  2 5 .9 5 -  
3 3 .5 2  m in , r e s p e c t iv e ly .  In F ig u r e  4 .4  (b ) , th e  c h r o m a to g r a m  o f  g a s  p r o d u c ts  
c o n s is te d  o f  l ig h t  fu e l (C1-C4) a n d  g a s o l in e  fu e l (Cs-Cs) a t  th e  r e te n t io n  t im e s  o f  
3 .9 2 -1  1 .80  m in  a n d  1 5 .9 5 -3 2 .3 0 , r e s p e c t iv e ly .
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Figure 4 .4  T y p ic a l c h r o m a to g r a m  o f  (a )  l iq u id  p r o d u c ts  a n d  ( b )  g a s  p r o d u c ts  o v e r  
P t /H Y  ( S i /A l  ra t io  o f  1 0 0 )  o p e ra te d  a t  o p e ra t in g  c o n d i t io n s :  3 1 0  °c, 5 0 0  p s ig ,  L H S V  
o f  1 .0  IT 1, H 2/f e e d  m o la r  r a t io  o f  3 0 , a n d  T O S  o f  6  h .
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4 .2  Characterization of Fresh Catalysts

4 .2 .1  A to m ic  A b s o r p t io n  S p e c t r o s c o p y  (A A S )
T h e  a c tu a l m e ta l  lo a d in g s  o f  th e  P t s u p p o r te d  H Y  c a ta ly s t s  p r e p a r e d  

b y  d i f f e re n t  m e th o d s  ( IW I  a n d  IE )  w e r e  d e te rm in e d  b y  a to m ic  a b s o rp t io n  
s p e c t r o s c o p y  ( A A S )  te c h n iq u e .  T h e  A A S  r e s u l t s  a re  s u m m a r iz e d  in  T a b le  4 .2 . T h e  
r e s u l t s  r e v e a le d  th a t  th e  a m o u n ts  o f  P t o n  th e  H Y  s u p p o r t  p r e p a r e d  b y  io n - e x c h a n g e  
m e th o d  c o m p a re d  w i th  in c ip ie n t  w e tn e s s  im p re g n a t io n  m e th o d  w e r e  s l ig h t ly  
d i f f e re n t .  T h e  r e s u l t  c o n f i rm e d  th a t  th e  P t  c o n te n ts  in c o r p o r a te d  in  H Y  z e o l i te  w e r e  
s im i la r  to  th e  e x p e c te d  a m o u n t.

Table 4 .2  T h e  d e s i r e d  P t  c o m p o s i t io n  o f  th e  c a ta ly s ts  a n a ly z e d  b y  A A S

Catalyst Actual Pt content (\vt%)
0.1 w t%  P t/H Y  ( IW I) 0 .0 9 1

0.1  w t%  P t /H Y  ( IE ) 0 .0 9 3

4 .2 .2  H y d r o g e n  C h e m is o r p t io n
T h e  r e d u c e d  c a ta ly s ts  w e r e  c h a r a c te r iz e d  b y  h y d r o g e n  c h e m is o r p t io n  

to  d e te rm in e  th e  d is p e r s io n  o f  P t o n  th e  c a ta ly s ts .  T h e  d i s p e r s io n  w a s  c a lc u la te d  f ro m  
th e  a m o u n t  o f  H 2 a d s o rb e d  o n  th e  P t s u r f a c e ,  a s s u m in g  th e  H :P t  s to ic h io m e tr y  to  b e  
u n i ty .  T h e  r e s u l t s  a r e  s h o w n  in  T a b le  4 .3 . T h e  h y d r o g e n  u p ta k e  ( H /P t )  v a lu e s  
o b ta in e d  o n  th e  P t/H Y  c a ta ly s ts  p r e p a r e d  b y  IW I a n d  IE  w e r e  0 .2 6  a n d  0 .5 2 , 
r e s p e c t iv e ly .  T h a t  is , th e  IE  c a ta ly s t  e x h ib i te d  h ig h e r  H 2 u p ta k e  th a n  th e  IW I  c a ta ly s t ,  
in d ic a t in g  h ig h e r  P t  d is p e r s io n .  T h e  u n i f o r m  d is p e r s io n  o f  m e ta l  z e o l i t e  c a ta ly s t  
p r e p a r e d  b y  IE  a n d  la rg e  P t  a g g r e g a t io n  w i th  p o o r  d is p e r s io n  o f  c a ta ly s t  p r e p a r e d  b y  
IW I  w e re  a ls o  o b s e r v e d  b y  L i a n d  H s in g  ( 2 0 0 6 ) .
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Table 4.3 H y d r o g e n  c h e m is o r p t io n  o f  th e  p r e p a r e d  c a ta ly s ts

Catalyst H/M (mol/mol)
0.1 w t%  P t/H Y  ( IW I) 0 .2 6

0.1 w t%  P t /H Y  ( IE ) 0 .5 2

4 .2 .3  B r u n a u e r - E m m e t t - T e l le r  (B E T )  M e th o d
T h e  te x tu ra l  p r o p e r t i e s  o f  th e  d i f f e r e n t  c a ta ly s ts  ( s u r f a c e  a r e a ,  to ta l 

p o re  v o lu m e , a n d  m e a n  p o re  d i a m e te r )  w e re  o b ta in e d  f ro m  th e  B r u n a u e r - E m m e t t -  
T e l le r  s u r f a c e  a r e a  a n a ly z e r  a s  s h o w n  in T a b le  4 .4 . A f t e r  im p r e g n a t io n  a n d  
io n - e x c h a n g e  o f  c a ta ly s t ,  it s h o w e d  th e  d e c r e a s e  in  s u r fa c e  a r e a s  a n d  p o r e  v o lu m e  a s  
c o m p a re d  to  th e  p a r e n t  H Y  c a ta ly s ts .  T h is  is o w in g  to  th e  m e ta l  f i l l in g  in to  s u p p o r te d  
c a ta ly s t  th a t  c o u ld  p lu g  th e  p o r e  o f  th e  s u p p o r t .  C o n s id e r in g  th e  c a ta ly s t  p r e p a r e d  b y  
d i f f e r e n t  te c h n iq u e s ,  th e  s u r f a c e  a r e a  o f  th e  P t /H Y  c a ta ly s t  p r e p a r e d  b y  1W I a n d  IE  
w e r e  s l ig h t ly  d i f f e r e n t  b e c a u s e  th e  a c tu a l  p r e s e n c e  o f  m e ta l  o n  IW I c a ta ly s t  is a  li t t le  
le s s  th a n  th a t  o n  IE  c a ta ly s t  a s  s h o w n  in  A A S  r e s u l t .

Table 4.4 P h y s ic a l  c h a r a c te r i s t ic s  o f  th e  p r e p a r e d  c a ta ly s ts

BET surface area Pore volume*Catalyst 2(m /g) (cm3/g)
H Y 6 5 4 0 .5 4

0.1 w t%  P t/H Y  ( IW I) 6 4 2 0 .5 3

0.1 w t%  P t /H Y  ( IE ) 6 3 6 0 .5 2
*using NLDFT method

4 .2 .4  T e m p e r a tu r e  P r o g r a m m e d  D e s o r p t io n  (T P D )  o f  I s o p r o p y la m in e
T h e  T P D  o f  i s o p r o p y ly m in e  w a s  u s e d  to  q u a n t i f y  th e  B r o n s te d  a c id  

s i te s 1 th a t  c a ta ly z e  th e  c o n v e r s io n  o f  th e  i s o p r o p y la m in e  in to  p r o p y le n e  a n d  a m m o n ia  
( P e r e ir a  a n d  G o r te ,  1 9 9 2 ). T h e  a c id i ty  o f  p a r e n t  H Y  c a ta ly s t  a n d  0.1 w t%  P t/H Y  
c a ta ly s t  p r e p a r e d  b y  IW I a n d  IE  te c h n iq u e s  a r e  s u m m a r iz e d  in  T a b le  4 .5 .  I t w a s
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fo u n d  th a t  th e  B r o n s te d  a c id  d e n s i ty  d e c r e a s e d  w ith  m e ta l  lo a d in g  ( P t /H Y )  as 
c o m p a r e d  to  th e  p a r e n t  c a ta ly s t .  T h e  d e c r e a s e  in  B ro n s te d  a c id  d e n s i ty  c o u ld  b e  d u e  
to  th e  d e p o s i t  o f  P t  o n  th e  a c id  s i te s  o f  th e  z e o l i te .  H o w e v e r ,  th e  to ta l  B r o n s te d  a c id  
s i te s  o f  b o th  c a ta ly s ts ,  p r e p a r e d  b y  IW 1 a n d  IE  w e re  s l ig h t ly  d i f f e r e n t  w i th  h ig h e r  
v a lu e  o f  IW I c a ta ly s t .  T h is  c o u ld  b e  d u e  to  th e  s te p  o f  io n - e x c h a n g e  m e th o d  r e s u l t in g  
in  th e  r e p la c e m e n t  o f  H + b y  [ P t ( N H 3 )4 ]2+.

Table 4 .5  A c id i ty  o f  th e  H Y  p a r e n t  (S i /A l 1 0 0 ) a n d  P t /H Y  p r e p a r e d  b y  IW I a n d  IE  
m e th o d  f ro m  T P D  o f  i s o p r o p y la m in e

Catalyst Acidity of catalyst (pmol/g)
Bronsted site

H Y 8 5 .4 1

0.1 w t%  P t /H Y  ( IW I)  ' 72 .0 1
0.1 w t%  P t/H Y  ( IE ) 6 8 .2 9

4 .2 .5  T e m p e r a tu r e  P r o g r a m m e d  R e d u c t io n  (T P R )
In  o r d e r  to  d e t e r m in e  th e  r e d u c t io n  b e h a v io r  o f  th e  c a ta ly s ts ,  

t e m p e r a tu r e  p r o g r a m m e d  r e d u c t io n  w a s  u s e d  to  e v a lu a te  th e  r e d u c t io n  te m p e r a tu r e  
o f  th e  in v e s t ig a te d  c a ta ly s ts .  T h e  T P R  p r o f i le s  o f  0.1 w t%  P t /H Y  c a ta ly s ts  p r e p a r e d  
b y  d i f f e r e n t  m e th o d  ( IW I  a n d  IE )  a f te r  c a lc in a t io n  u p  to  350 ๐c  a n d  H Y  s u p p o r t  a re  
s h o w n  in  F ig u r e  4 .5 .  T P R  s p e c t r u m  o f  th e  p a r e n t  H Y  s u p p o r t  w a s  a ls o  m e a s u r e d ,  
w h ic h  w a s  a P t  f r e e  s a m p le , th i s 's p e c t r u m  s u f f ic ie n t ly  i l lu s t r a te s  th e  a b s e n c e  o f  a n y  
s ig n i f ic a n t  f e a tu r e s  in  th e  te m p e r a tu r e  re g io n  b e lo w  300°c. T h e  r e d u c t io n  p r o f i l e  o f  
b o th  c a ta ly s ts  w h ic h  p r e p a r e d  b y  d i f f e r e n t  m e th o d s  d i s p la y  a  m a jo r  r e d u c t io n  p e a k  a t 
1 1 0  °c m e rg e d  w i th  a  m in o r  p e a k  n e a r  2 0 0  ๐c  a n d  a b r o a d  p e a k  n e a r  4 0 0  °c. F ro m  
s o m e  r e p o r t  ( O s tg a r d  et a i ,  1 9 9 2 ; P a rk  et al., 1 9 8 6 ), it c a n  in d ic a te  th a t  th e  r e d u c t io n  
p e a k  a t  110  °c is  a s s ig n e d  to  th e  r e d u c t io n  o f  P t2+ io n s  a n d  P t4+ fo r  th e  r e d u c t io n  

p e a k  a t  4 0 0  ๐c .  H o w e v e r ,  in  th is  w o rk , th e  c a ta ly s t  p r e c u r s o r  is  a  P t2+ s a lt  
[ P t ( N H 3)4C l2 ]; i f  a u to r e d u c t io n  o c c u r s  u n d e r  c a lc in a t io n  c o n d i t io n s  a n d  th e  r e s u l t in g  
P t°  a to m s  a re  o x id iz e d ,  o n e  w o u ld  h a v e  to  a s s u m e  th a t  P tC >2 is  fo rm e d  to  a c c o u n t  fo r
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a  P t v a le n c e  o f  4 + . T h is  o x id e  c o u ld  s u b s e q u e n t ly  r e a c t  w i th  s u r f a c e  p r o to n s  to  
g e n e ra te  w a t e r  a n d  P t io n s . T h e  a re a  u n d e r  th e  p e a k s  a t  110 °c is  la r g e r  in  (c )  th a n  in  
(b )  in d ic a t in g  a  h ig h e r  c o n s u m p t io n  o f  h y d ro g e n  th a n  n e e d e d  f o r  th e  r e d u c t io n  o f  a ll 
P t2+ s p e c ie s  to  P t° . C o n s id e r in g  th e  p e a k  p o s i t io n ,  a ll  p e a k s  in  ( c )  s l i g h t ly  s h i f t e d  to  
h ig h e r  te m p e r a tu r e  a s  c o m p a r e d  to  (b ) .  T h is  c o u ld  b e  d e s c r ib e d  th a t  th e  c a ta ly s ts  
p r e p a r e d  b y  IE  m e th o d  h a v e  a  s t r o n g e r  in te r a c t io n  b e tw e e n  m e ta l  a n d  a c id ic  s u p p o r t  
th a n  IW I  c a ta ly s ts .

H o w e v e r ,  it w a s  fo u n d  th a t  th e  b r o a d  p e a k  n e a r  4 0 0  ๐c  o f  IW I c a ta ly s t  
w a s  s l ig h t ly  la r g e r  th a n  th a t  o f  IE  c a ta ly s t .  T h is  c o u ld  b e  d u e  to  h ig h e r  a m o u n t  o f  
N H 4+ r e s id u e  f ro m  p r e c u r s o r  o v e r  IW I c a ta ly s t  w h ic h  le d  to  a u to r e d u c t io n  o n  th e  
c a ta ly s ts .  F o r  IE  m e th o d ,  th e  c a ta ly s ts  w e r e  w a s h e d  w ith  D I  w a t e r  to  r e m o v e  th e  
e x c e s s  io n s  a f te r  io n - e x c h a n g e  s te p  w h e re a s  th e  m e ta l  p r e c u r s o r  s o lu t io n  in  IW I 
m e th o d  w a s  im p re g n a te d  o n  s u p p o r t  w i th o u t  e l im in a t io n  o f  e x c e s s  io n s .
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Figure 4.5 T e m p e r a tu r e  p r o g r a m m e d  r e d u c t io n  ( T P R )  p ro f i le s  o f  th e  H Y  z e o l i te  a n d  
P t/H Y  c a ta ly s t s  (a )  H Y  z e o l i te ,  (b )  P t /H Y  p r e p a r e d  b y  IW I a n d  ( c )  P t /H Y  p r e p a r e d  
b y  IE .

(c) Pt/HY (IE)

(b) Pt/HY (IWI)

I (a) HY zeolite-
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4.3 Catalytic Activity Testing

F o r  s tu d y in g  o f  th e  c a ta ly t ic  a c t iv i ty ,  th e  c o n v e r s io n ,  p r o d u c t  y ie ld  a n d  
s e le c t iv i ty  o f  h y d r o c r a c k in g  o f  v a r io u s  /7- p a ra f f in  f e e d s to c k s  ( C i 5-C ]g )  o v e r  th e  
b i - f u n c t io n a l  c a ta ly s ts ,  P t/F IY  (S i /A l  o f  1 0 0 )  c a ta ly s ts  w i th  0.1 w t%  P t  p r e p a r e d  b y  
in c ip ie n t  w e tn e s s  im p re g n a t io n  ( IW I)  a n d  io n - e x c h a n g e d  te c h n iq u e s  ( IE )  w e re  
in v e s t ig a te d .  T h e  r e a c t io n  c o n d i t io n s  fo r  h y d r o c r a c k in g  o f  /7- p a r a f f in  h y d r o c a r b o n s  
w e r e  c o n d u c te d  a t  3 1 0  ° c ,  5 0 0  p s ig ,  l iq u id  h o u r ly  s p a c e  v e lo c i ty  ( L H S V )  o f  1 .0  h '1, 
a n d  f Ï 2/ f e e d  m o la r  r a t io  o f  3 0 .

4 .3 .1  E f f e c t  o f  /7- P a r a f f in  F e e d s to c k  C h a in  L e n g th
A , d i s t r ib u t io n  o f  c r a c k e d  p r o d u c ts  b o th  l iq u id  a n d  g a s  p r o d u c ts  

a n a ly z e d  b y  G C /F I D  ( A g i le n t  G C  7 8 9 0 A  a n d  S h im a d z u  G C - 1 7 A , r e s p e c t iv e ly )  is 
p r e s e n te d  in  te r m  o f  s e le c t iv i ty ,  w h ic h  w e r e  c a lc u la te d  w i th  f o rm u la s  a s  s h o w n  in  
C h a p te r  III. P r o d u c t  s e le c t iv i ty  o f  h y d r o c r a c k in g  v a r io u s  /7-p a r a f f in  f e e d s to c k s  
( C 15 - C 1 ร) o b ta in e d  o v e r  P t/F IY  c a ta ly s ts  p r e p a r e d  b y  IW I a re  s h o w n  in  F ig u r e  4 .6  
( in  m o le s  o f  p r o d u c t  p e r  m o le  c o n v e r te d  f e e d s to c k ) .  T h e  c a r b o n  n u m b e r  d is t r ib u t io n  
o f  c r a c k e d  p r o d u c t  s h o w e d  v i r tu a l ly  n o  C l ,  C 2 a n d  th e  h y d r o c a r b o n s  th a t  w o u ld  b e  
o b ta in e d  b y  s p l i t t in g  o f f  C] a n d  C 2 f ro m  th e  fe e d  p a ra f f in .  In 19 75 , W e i tk a m p  s a id  
th a t  “ In  e a c h  c a s e  th e  c u rv e s  a re  s y m m e tr ic a l  in d ic a t in g  p u re  p r im a r y  c ra c k in g . 
M e th a n e  a n d  e th a n e  a s  w e ll  a s  C m.i a n d  C m .2  ( m  r e p r e s e n t  th e  c a r b o n  n u m b e r  o f  
f e e d s to c k )  a re  v i r tu a l ly  a b s e n t .  P ro d u c t  d i s t r ib u t io n s  l ik e  th is  a re  ty p ic a l  fo r  id e a l 
h y d r o c r a c k in g .” T h is  a b s e n t  p h e n o m e n o n  m a y  r e s u lt  f ro m  m e c h a n is t i c  b a c k g r o u n d .  
B r a n c h e d  c a r b é n iu m  io n s  a re  f o rm e d  v ia  /7- a lk e n e s  a n d  l in e a r  c a r b é n iu m  io n s . T h e n ,  
e i th e r  d e s o rp t io n  o r  / / - s c is s io n  m a y  o c c u r  in  p a ra l le l  r e a c t io n s .  T h e  c r a c k in g  s te p  
o c c u r s  a t  th e  b e ta  p o s i t io n  b e c a u s e  th e  C -C  b o n d  b e ta  to  th e  c h a r g e d  c a r b o n  o n  th e  
c a r b é n iu m  io n s  is  th e  w e a k e s t  b o n d  o f  th e  e n t i r e  h y d r o c a r b o n  c h a in  a n d  th e  e a s ie s t  to  
b r e a k .  T h is  m e c h a n is m  s u p p o r t  th a t  h a rd ly  a n y  C ] a n d  C 2 h y d r o c a r b o n s  a r e  fo rm e d .

C o n s id e r in g  th e  s h a p e  o f  p r o d u c t  d i s t r ib u t io n  o n  F ig u r e s  4 .6 ,  th e  
c r a c k e d  p ro d u c t  d is t r ib u t io n  e x h ib i te d  th e  h ig h e s t  p e a k  a t  c a r b o n  n u m b e r  8  fo r  a ll 
f e e d s to c k  c h a in  le n g th s  ( C ) 5 -  C is ) .  F o r  th e  / / - C | 7  a n d  77-C ig  f e e d s to c k s ,  th e  r e s u l t s  
s l i g h t ly  d e v ia te d  f ro m  th e  b e l l - s h a p e d  d is t r ib u t io n  c u r v e  o f  id e a l h y d r o c r a c k in g
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w h ic h  th e  h ig h e s t  p e a k  s h o u ld  b e  th e  c e n te r  o f  c a r b o n  p r o d u c t  d i s t r ib u t io n .  T h is  
m ig h t  b e  d u e  to  th e  s t r u c tu r e  o f  Y  z e o l i te  w h ic h  h a s  la rg e  p o re  d i a m e te r  o f  12 
m e m b e r  o x y g e n  r in g  a t  7 .4  Â  a n d  le a d s  to  a  s u p e rc a g e  o f  13 Â  in  d ia m e te r .  T a b le  4 .6  
s u m m a r iz e s  th e  m o le c u la r  le n g th  o f  v a r io u s  /2- p a r a f f in  c h a in  l e n g th s  p r e s e n te d  b y  
G o r r in g  in  1 9 7 3 . I t c o u ld  i l lu s t r a te  th a t  a f te r  th e  f e e d s to c k  m o le c u le s  e n te r  in to  th e  
p o re  o f  z e o l i te ,  a s  a  c o m p l ic a te d  p o r e  s tru c tu re  w i th  3 - d im e n t io n a l  c h a n n e l  s y s te m . 
T h e  lo n g  c h a in  m o le c u le  l im i te d  t r a n s p o r ta t io n  in  th e  p o re  c h a n n e l .  T h e r e f o r e ,  th e  
lo n g  c h a in  m o le c u le s  w e r e  c r a c k e d  in to  th e  s h o r te r  c h a in  m o le c u le s .  W h i le  th e  Cg 
h y d r o c a r b o n s ,  w h ic h  h a s  th e  j n o l e c u l a r  le n g th  o f  1 2 .8 2  À  a n d  s l ig h t ly  s m a l le r  th a n  
th e  s u p e rc a g e  s iz e  o f  Y  z e o l i te  (~ 1 3  Â ) , w e re  th e  s e le c t iv e  p r o d u c ts  fo r  Y  z e o l i te .  
T h is  is  th e  r e a s o n  w h y  th e  h ig h e s t  p e a k  o f  c ra c k e d  p ro d u c t  d is t r ib u t io n  fo r  th e  ท-C ]7 

a n d  ท-C l 8 f e e d s to c k s  w a s  h y d ro c a rb o n  w ith  8  c a rb o n  a to m s . M e a n w h i le ,  th e  
d i s t r ib u t io n s  fo r  th e  i s o -  a n d  th e  n o rm a l- p a r a f f in  p r o d u c ts  o f  a l l  f e e d s to c k  c h a in  
le n g th s ,  th e  s e le c t iv i ty  o f  /2- p a r a f f in  p r o d u c ts  la r g e r  th a n  C9 r e m a r k a b ly  d e c r e a s e d .  
T h is  r e s u l t  c o u ld  b e  d e s c r ib e d  b y  th e  s u p e rc a g e  s iz e  o f  Y  z e o l i te  a n d  th e  m o le c u la r  
le n g th  o f  /7-C9. B e c a u s e  th e  m o le c u la r  le n g th  o f  /7- p a r a f f in  s in c e  c a r b o n  n u m b e r  9  is  
la rg e r  th a n  th e  s u p e rc a g e  s iz e  o f  Y  z e o l i te .  T h e r e f o r e ,  th e  m o s t  p r o d u c t  o f  c a r b o n  
n u m b e r  m o r e  th a n  9  w a s  i s o -p a ra f f in  p ro d u c t .
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Figure 4.6 P r o d u c t  d i s t r ib u t io n  in  c r a c k in g  p r o d u c ts  ( in  m o le s  o f  p r o d u c t  p e r  m o le  
c o n v e r te d  f e e d s to c k )  o v e r  P t /H Y  o f  v a r io u s  « - p a r a f f in  f e e d s to c k s ;  ( a )  « - p e n ta d e c a n e  
(« "C  15), (b )  r7- h e x a d e c a n e  ( « - C l 6), (c )  « - h e p ta d e c a n e  ( « - C l 7) , a n d  ( d )  « - o c ta d e c a n e  
(« -C ig )  a t  o p e r a t in g  c o n d i t io n :  3 1 0  ๐c 5 5 0 0  p s ig , L H S V  o f  1 .0  h 1, H 2/f e e d  m o la r  
r a t io  o f  3 0 , a n d  T O S  o f  6  h .
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Figure 4.6 (Cont.) P ro d u c t  d i s t r ib u t io n  in  c r a c k in g  p r o d u c t s  ( in  m o le s  o f  p r o d u c t  
p e r  m o le  c o n v e r te d  f e e d s to c k )  o v e r  P t /H Y  o f  v a r io u s  « - p a r a f f in  f e e d s to c k s ;
(a )  « - p e n ta d e c a n e  ( « - C l5) , ( b )  « - h e x a d e c a n e  ( « - C |6), ( c )  « - h e p ta d e c a n e  ( « - C l 7), a n d
(d )  « - o c ta d e c a n e  ( « -C is )  a t  o p e r a t in g  c o n d i t io n :  310 °c , 500 p s ig , L H S V  o f  1.0 h '1, 
H 2/f e e d  m o la r  r a t io  o f  30, a n d  T O S  o f  6  h .



Table 4.6 Molecular length of various «-paraffin chain lengths (Gorring, 1973)

«-Paraffin Molecular length (Â)
c , 4.00
c 2 5.26
c 3 6.52
c 4 7.78
c 5 9.04
c 6 10.30
c 7 11.56
c 8 12.82
c 9 14.08
C 10 15.34

F ig u r e  4 .7  s h o w s  th e  e f fe c t  o f  th e  fe e d  c h a in  le n g th  o n  th e  p r o d u c t  
y ie ld  a n d  to ta l  c o n v e r s io n  o f  h y d r o c r a c k in g  o f  d i f f e re n t  « - p a r a f f in  f e e d s to c k s  o v e r  
th e  IW I c a ta ly s t  a t  th e  s a m e  o p e r a t in g  c o n d i t io n .  A s  s h o w n  in  F ig u re  4 .7 ,  w h e n  fe e d  
c h a in  le n g th  in c re a s e d ,  th e  to ta l  c o n v e r s io n  in c re a s e d . T h is  m ig h t  b e  d u e  to  th e  e f fe c t  
o f  c h a in  le n g th  o n  th e  c r a c k a b i l i ty  a s  r e p o r te d  b y  V o g e  in  1 9 5 8 , th e  v e r y  s tro n g  
e f f e c t  o f  c h a in  le n g th  o n  th e  c r a c k a b i l i ty  o f  n o rm a l  p a ra f f in s  in  th e  r a n g e  f ro m  C 5 to  
C24 h a s  b e e n  o b s e r v e d .  A s s u m in g  th a t  a ll s e c o n d a r y  c a r b o n  a to m s  (-CH2-) o f  th e  
s t r a ig h t  p a ra f f in  h a v e  a n  e q u a l  c h a n c e  o f  b e c o m in g  th e  c h a r g e  c e n te r  o f  a  s e c o n d a r y  
c a r b é n iu m  io n , o n e  s h o u ld  e x p e c t  t h e  r e a c t iv i t i e s  to  b e  p r o p o r t io n a l  to  th e  to ta l  
n u m b e r  o f  c a r b o n  a to m s  m in u s  2 ( e n d  o f  c h a in ,  -CH3). T h u s ,  r e a c t iv i ty  o f  p a ra f f in s  
in c r e a s e d  b e c a u s e  o f  th e  in c r e a s e  in  th e  a v a i la b le  r e a c t io n  p a th w a y s  r e s u l t in g  in  
h ig h e r  c o n v e r s io n .

In  1 9 8 1 , S te i jn s  a n d  F r o m e n t  s tu d ie d  th e  e f f e c t  o f  b in a r y  a lk a n e  
m ix tu r e s  o n  a c t iv i ty  w h ic h  f o u n d  th a t  th e  r e a c t iv i t i e s  o f  in d iv id u a l  c o m p o u n d s  in  
m ix tu r e s  m ig h t  d e v ia t e  f ro m  th e i r  b e h a v io r  a s  s in g le  c o m p o n e n ts .  F o r  e x a m p le ,  in  
th e  c o n v e r s io n  o f  a n  e q u im o la r  m ix tu r e  o f  « - h e p ta n e  a n d  « - d e c a n e  o n  P t /U S -Y . T h e  
c o n v e r s io n  o f  th e  h e a v y  « - a lk a n e  in  th e  m ix tu r e  w a s  n o t a f f e c te d  b y  th e  p r e s e n c e  o f
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th e  l ig h te r  c o m p o u n d . B u t th e  c o n v e r s io n  o f  th e  l ig h t n - a lk a n e  w a s  r e d u c e d  
c o m p a re d  to  a n  in d iv id u a l  f e e d  u n d e r  th e  s a m e  r e a c t io n  c o n d i t io n s .  T h e s e  
p h e n o m e n a  h a v e  b e e n  a s c r ib e d  to  c o m p e t i t iv e  p h y s i s o r p t io n  in  th e  z e o l i te  
m ic r o p o r e s  (S te i jn s ,  M . a n d  F ro m e n t ,  G ., 1 9 8 1 ). F ro m  a s s u m in g  th a t  r e a c t io n  ta k e s  
p la c e  a f te r  a  m o le c u le  is  a d s o rb e d  in  th e  m ic r o p o r e  s y s te m . T h e r e fo re ,  f o r  a 
m u l t ic o m p o n e n t  s y s te m , i f  o n e  c o m p o n e n t  o f  f e e d  is  a d s o rb e d  p r e f e re n t ia l ly ,  its  
c o n c e n t r a t io n  in  th e  z e o l i te  p o re  s y s te m  w ill b e  h ig h e r  th a n  th a t  o f  th e  o th e r  
c o m p o u n d s .  H e n c e  th is  c o m p o n e n t  c o u ld  b e  c o n v e r te d  m o r e  e f f ic ie n t ly  o r  p r e v e n t  
o th e r  c o m p o u n d s  f ro m  b e in g  t r a n s fo rm e d  (D e n a y e r  a n d  B a ro n , 1 9 9 7 ).

C l 5 C16 C17 C18

S lig h t (C1-C4)
□  Gasoline (C5-C8)
□  Jet (C9-C14)
□  Diesel (C15-C18) 
» Conversion

Feedstocks

Figure 4.7 _ P ro d u c t  y ie ld  a n d  c o n v e r s io n  o f  h y d r o c r a c k in g  o f  v a r io u s  n - p a r a f f in  
f e e d s to c k s  o v e r  P t /H Y  p r e p a r e d  b y  in c ip ie n t w e tn e s s  im p re g n a t io n  a t  o p e r a t in g  
c o n d itio n : 3 1 0  ๐c ,  5 0 0  p s ig , L H S V  o f  1.0 h"1, H 2/Teed m o la r  ra tio  o f  3 0 , an d  T O S  o f  6  h.

M o re o v e r ,  in  1 9 9 7 , D e n a y e r  an d  B a r o n  a ls o  s tu d ie d  th e  e f fe c t  o f  c h a in  
le n g th  a n d  b r a n c h in g  o f  p a r a f f in s  ( f r o m  C(, to  C 12) o n  a d s o rp t io n  a n d  d i f f u s io n  in  
z e o l i te s .  T h e  r e s u lt  s h o w e d  th a t  th e  H e n ry  c o n s ta n ts  o f  th e  p a r a f f in s  in c re a s e d  
e x p o n e n t ia l ly  w i th  th e  c h a in  le n g th  a n d  th e  h e a ts  o f  a d s o rp t io n  a ls o  in c re a s e d  w ith  
m o le c u la r  w e ig h t .  T h e  m u l t ic o m p o n e n t  a d s o rp tio n  c a n  b e  r e a s o n a b ly  w e ll  d e s c r ib e d  
b y  a n  e x te n d e d  L a n g m u ir  adsoq :> tion  is o th e rm , in  w h ic h  th e  s t r o n g e r  a d s o r p t io n  o f
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the longer chains is reflected by their higher Henry constants. It could be concluded 
that longer chains are adsorbed preferentially over shorter chains.

4 .3.2 Effect of Different Catalyst Preparation Methods
Selectivity of hydrocracking of individual «-paraffin feedstock 

(hexadecane, H-Ciô) obtained on the Pt/HY catalysts prepared by different methods, 
IWI and IE, are shown in Figure 4 .8. The results showed insignificant difference in 
carbon number product distribution pattern of hydrocracking of the same «-paraffin 
feedstock over different catalyst preparation methods. Thus น might be concluded 
that the catalyst preparation method did not create the notable difference on structure 
of the catalysts.

Figure 4.8 Product distribution in cracking products (in moles of product per mole 
converted feedstock) of hexadecane (Clô) feedstock over Pt/HY prepared by (a) IWI, 
and (b) IE at operating condition: 310 ๐c , 500 psig, LHSV of 1.0 h '1, H2/feed molar 
ratio of 30, and TOS of 6 h.
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Figure 4 .8  (Cont.) P r o d u c t  d i s t r ib u t io n  in  c r a c k in g  p r o d u c ts  ( in  m o le s  o f  p r o d u c t  
p e r  m o le  c o n v e r te d  f e e d s to c k )  o f  h e x a d e c a n e  (C i6 )  f e e d s to c k  o v e r  P t /H Y  p r e p a r e d  
b y  (a )  IW I , a n d  (b )  IE  a t  o p e r a t in g  c o n d i t io n :  3 1 0  ๐c ,  5 0 0  p s ig , L H S V  o f  1 .0  h '1, 
P E /fe e d  m o la r  r a t io  o f  3 0 , a n d  T O S  o f  6  h .

F ig u r e  4 .9  s h o w s  th e  e f f e c t  o f  c a ta ly s t  p re p a r a t io n  te c h n iq u e  o n  th e  
p r o d u c t  y ie ld  a n d  to ta l  c o n v e r s io n  o f  h y d r o c r a c k in g  o f  th e  s a m e  « - p a r a f f in  
f e e d s to c k s  ( h e x a d e c a n e ,  n -C iô )  o n  th e  P t /H Y  p r e p a r e d  b y  d i f f e re n t  t e c h n iq u e s ,  IW I 
a n d  IE . T h e  r e s u l t s  s h o w e d  th a t  to ta l  c o n v e r s io n  a n d  l ig h t  p ro d u c t  y ie ld  ( g a s o l in e  a n d  
j e t  fu e ls )  o v e r  IE  c a ta ly s t  w e r e  h ig h e r  th a n  th o s e  o b s e r v e d  o v e r  IW I  c a ta ly s ts .  T h is  
r e s u l t  m ig h t  b e  d u e  to  th e  d is p e r s io n  o f  P t  r e s u l t in g  in  a n  in c re a s in g  th e  a c t iv i t ie s  o f  
th e  b i - f u n c t io n a l  c a ta ly s ts ,  a s  o b s e rv e d  f ro m  g a s o l in e  a n d  j e t  p r o d u c t  y ie ld  w e r e  
in c re a s e d  w h i le  d ie s e l y ie ld  w a s  d e c r e a s e d . L ik e w is e ,  o n  th e  c la s s ic a l  h y d r o c r a c k in g  
m e c h a n is m  o v e r  b i - f u n c t io n a l  c a ta ly s t  (D e n a y e r  et a l ,  1 9 9 7 ), a d s o r b e d  a lk a n e s  a re  
f i r s t ly  d e h y d ro g e n a te d  o n  th e  p la t in u m  m e ta l  c lu s te r s .  B e f o r e  th e  a lk e n e s  fo rm e d  a re  
p r o to n a te d  o n  th e  B r o n s te d  a c id  s ite s  a n d  t r a n s f o r m e d  in to  a lk y lc a rb e n iu m  io n s , th e  
b r a n c h e d  o r  c r a c k e d  a lk y lc a rb e n iu m  io n s  a re  d e p r o to n a te d  to  r e a r r a n g e d  a lk e n e s ,  
w h ic h  a re  in  tu r n  h y d r o g e n a te d  to  f in a l p r o d u c ts .  C o n s e q u e n t ly ,  th e  m e ta l  c lu s te r s  
d i s p e r s io n  is  o n e  o f  th e  m o s t  e s s e n t ia l  f a c to r s  to  h e lp  th e  b i fu n c t io n a l  m e c h a n is m  
o c c u r  p r o m p tly .
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sligh t (CI-C4)
□  Gasoline (C5-C8)
□  Jet (C9-CI4)
□  Diesel (CI5-C18) 
St Conversion

Catalyst preparation method

Figure 4.9 P r o d u c t  y ie ld  a n d  c o n v e r s io n  o f  h y d r o c r a c k in g  o f  h e x a d e c a n e  (n-C\b) 
f e e d s to c k  o v e r  P t /H Y  p r e p a r e d  b y  d i f f e re n t  m e th o d  a t o p e r a t in g  c o n d i t io n :  3 1 0  ° c ,  
5 0 0  p s ig , L H S V  o f  1 .0  h "1, H 2/f e e d  m o la r  r a t io  o f  3 0 , a n d  T O S  o f  6 h .

Figure 4.10 I s o /n o r m a l  r a t io  o f  c r a c k e d  p r o d u c t  o b ta in e d  f ro m  h y d r o c r a c k in g  o f  
h e x a d e c a n e  ( r t-C i6 )  f e e d s to c k  o v e r  P t /H Y  p r e p a r e d  b y  d i f f e r e n t  m e th o d  a t o p e r a t in g  
c o n d itio n : 3 1 0  ๐c ,  5 0 0  p s ig , L H S V  o f  1.0 h"1, H 2/fe e d  m o la r  ra tio  o f  3 0 , a n d  T O S  o f  6  h .
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F ig u r e  4 .1 0  s h o w s  th e  f ra c t io n  o f  b r a n c h e d  p r o d u c ts  to  s t r a ig h t - c h a in  
p r o d u c ts  f ro m  th e  h y d r o c r a c k in g  r e a c t io n  o f  n-C  16 o n  th e  P t /H Y  p r e p a r e d  b y  
d i f f e r e n t  m e th o d s . O n  b o th  o f  th e  c a ta ly s ts ,  th e  fa c t th a t  th e  r a t io  o f  is o /n o rm a l  
p r o d u c ts  e x c e e d s  0 .9  fo r  m a in  c r a c k e d  p r o d u c ts  m e a n s  th a t  m o s t  o f  th e  c r a c k e d  
p r o d u c ts  o b ta in e d  f ro m  h y d r o c r a c k in g  r e a c t io n  w a s  b r a n c h e d  p ro d u c ts .  T h is  c o u ld  
in d ic a te  th a t  th e  a lk e n e  fo rm e d  b y  th e  m e ta l s i te s  m u s t  u n d e r g o  is o m e r iz a t io n  b e fo re  
h y d r o c r a c k in g  a n d  fo l lo w e d  b y  h y d r o g e n a t io n . C o n s id e r in g  th e  d i f f e r e n t  c a ta ly s t  
p r e p a r a t io n s ,  th e  is o /n o rm a l  r a t io s  o f  IE  c a ta ly s ts  w a s  h ig h e r  th a n  th o s e  o b s e r v e d  o n  
IW I c a ta ly s ts  fo r  b o th  o f  th e  m a in  c ra c k e d  p r o d u c ts  a n d  th e  is o m e r iz e d  p r o d u c t .  T h is  
c o u ld  b e  h y p o th e s iz e d  th a t  th e  IE  c a ta ly s ts  h a v e  i s o m e r iz e d  a c t iv i ty  h ig h e r  th a n  th e  
IW I c a ta ly s ts .  T h is  h y p o th e s i s  le a d s  to  f u r th e r  s tu d y  in  t r a n s f o r m a t io n  o f  /7 -p a ra ffin  
f e e d s to c k  o n  th e  Pt/E1Y  c a ta ly s t  p r e p a r e d  b y  d i f f e r e n t  te c h n iq u e s .

F u r th e r  s tu d y  in  d e ta i ls ,  th e  r e a c t io n  p a th w a y s  o f  /7 -a lk an e  
h y d r o i s o m e r iz a t io n  a n d  h y d r o c r a c k in g  w e r e  d e te rm in e d  w i th  d i f f e r e n t  c a ta ly s t  
p r e p a r a t io n .  A s  p r e v io u s ly  d i s c u s s e d ,  th e  d i f f e r e n t  c a ta ly s t  p r e p a r a t io n s  c a u s e d  th e  
d i f f e r e n t  a m o u n ts  o f  m e ta l d i s p e r s io n  w h ic h  r e la te  to  th e  b a la n c e  b e tw e e n  th e  a c id  
a n d  th e  h y d r o g e n a t io n  f u n c t io n s . T h is  te rm  c o u ld  b e  c h a r a c te r iz e d  b y  th e  r a t io  o f  th e  
n u m b e r  o f  a c c e s s ib le  h y d r o g e n a t in g  s ite s  to  th e  n u m b e r  o f  s t r o n g  a c id  s i t e s  ( /7pt//7A). 
T h e  /7p(//7A r a t io  o f  0 .1  w t%  P t /H Y  c a ta ly s t  p r e p a r e d  b y  IW I a n d  IE  a re  0 .0 0 9  a n d  
0 .0 1 9 , r e s p e c t iv e ly .

In o r d e r  to  d e t e r m in e  th e  r e a c t io n  p a th w a y  o f  p r e p a r e d  c a ta ly s t ,  th e  
q u a l i ta t iv e  a n d  q u a n t i ta t iv e  a n a ly s is  w e re  n e c e s s a r y . T h e  m a jo r  c h a l le n g e  in -p ro d u c t  
a n a ly s is  in v o lv e d  id e n t i f i c a t io n  o f  th e  /7 -h e x a d e c a n e  i s o m e r s .  A s  s h o w n  in  F ig u re  
4 .1 1 , th e  r e s o lu t io n  o f  in d iv id u a l  p e a k s  d is a p p e a re d  a n d  th u s  lu m p in g  o f  th e  is o m e rs  
w a s  u s e d  to  s im p l i f y  th e  k in e t ic s  a n a ly s e s .
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Signal 1* rnv

Figure 4.11 C h r o m a to g r a m  o f  n - h e x a d e c a n e  a n d  its  i s o m e r iz a t io n  p r o d u c ts  ( G ir g i s  
a n d  T s a o , 1 9 9 6 ).

T h e  p r o d u c t s  o b ta in e d  f ro m  h y d r o c r a c k in g  o f  n - h e x a d e c a n e  o v e r  th e  
P t /H Y  p r e p a r e d  b y  IW I a n d  IE  w e re  lu m p e d  in to  f o u r  g r o u p s  o n  th e  b a s is  o f  c h a n g e s  
in  th e i r  r e la t iv e  a r e a s  a t  d i f f e r e n t  c o n v e r s io n ,  w h ic h  in c lu d e  w i th  c r a c k in g  p r o d u c t  
( C | to  C l 5) , m o n o b r a n c e d  is o m e r s ,  m u l t ib r a n c e d  is o m e r s  ( in c lu d in g  d ib r a n c e d  
is o m e r s ) ,  a n d  r e m a in in g  fe e d .
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Figure 4 .1 2  T r a n s f o r m a t io n  o f  ท-C i6  o n  P t /H Y  p r e p a r e d  b y  (a )  I n c ip ie n t  w e tn e s s  
im p re g n a tio n  a n d  (b )  Io n -e x c h a n g e  m e th o d : y ie ld  in m o n o b r a n c e d  is o m e r  M , in  
m u l t ib r a n c e d  i s o m e r  B , in c r a c k in g  p r o d u c t  c, a n d  r e m a in in g  fe e d  R F  a s  a  f u n c t io n  
o f  c o n ta c t  t im e .
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O n  b o th  c a ta ly s ts ,  th e  « - a lk a n e s  t r a n s f o r m e d  in to  i s o m e r iz a t io n  
p r o d u c ts  ( m o n o b ra n c e d  is o m e r s  a n d  m u l t ib r a n c e d  i s o m e r s )  a n d  in to  c r a c k in g  
p r o d u c ts .  F ig u r e  4 .1 2  s h o w s  th e  d is t r ib u t io n s  o f  c r a c k in g  p r o d u c t  (C ) ,  m o n o b r a n c e d  
is o m e r s  (M ) , m u l t ib r a n c e d  is o m e r s  (B ) , a n d  r e m a in in g  f e e d  ( R F )  o b ta in e d  b y  
h y d r o c r a c k in g  o f  n -C i6  o n  th e  0.1 w t%  Pt/F1Y  p r e p a r e d  b y  IW I a n d  IE  te c h n iq u e s  a s  
a  f u n c t io n  o f  c o n ta c t  t im e .  F ig u r e  4 .1 2  (a ) , a t  th e  b e g in n in g ,  y ie ld  o f  c r a c k in g  
p r o d u c t  w a s  lo w e r  th a n  y ie ld  o f  m o n o b r a n c e d  a n d  m u l t ib r a n c e d  i s o m e r s  a n d  
c r a c k in g  p r o d u c t  y ie ld  in c r e a s e d  w i th  in c re a s in g  o f  c o n ta c t  t im e  u n t i l  b e in g  th e  m a in  
p r o d u c t .  F o r  th e  IE  c a ta ly s t ,  F ig u r e  4 .1 2  (b )  s h o w e d  th a t  th e  c r a c k in g  p r o d u c ts ,  
m o n o b r a n c e d  a n d  m u l t ib r a n c e d  w e r e  a l l  a p p a re n t  p r im a r y  r e a c t io n  p r o d u c ts  w i th  a  
h ig h e r  y ie ld  o f  c r a c k in g  p r o d u c ts .  T h e n  m o n o b r a n c e d  a n d  m u l tb r a n c e d  w e r e  a ls o  
c o n v e r te d  to  c r a c k in g  p r o d u c ts  w h i le  th e  c r a c k in g  p r o d u c ts  b e in g  th e  m a in  p r o d u c ts  
fo rm e d  in i t ia l ly .  F ro m  th e  p r o d u c t  t r a n s f o r m a t io n  c u r v e  o n  b o th  c a ta ly s ts ,  i t  c o u ld  b e  
p r o p o s e d  th e  s a m e  r e a c t io n  p a th w a y  a s  s h o w n  in  S c h e m e  4 .1 . F lo w e v e r ,  th e  d i f f e r e n t  
r e a c t io n  r a te s  c o u ld  b e  o b s e r v e d  fo r  IW I a n d  IE  c a ta ly s ts .  T h e  r e s u l t  s h o w e d  th a t  th e  
c r a c k in g  p r o d u c t  c u r v e  o f  IE  c a ta ly s t  h a s  h ig h e r  s lo p e  th a n  th a t  o f  IW I  c a ta ly s t  
r e s u l t in g  in  h ig h e r  r e a c t io n  ra te . A n d  th is  c o n f i r m e d  th a t  IE  c a ta ly s t  g a v e  a  h ig h e r  
r e a c t iv i ty  th a n  IW I c a ta ly s t .

Scheme 4.1 P ro p o s e d  r e a c t io n  s c h e m e  o n  IW I a n d  IE  c a ta ly s t
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4 .4 .1  T e m p e r a tu r e  P r o g r a m m e d  O x id a t io n  ( T P O )
T e m p e r a tu r e  p r o g r a m m e d  o x id a t io n  ( T P O )  te c h n iq u e  w a s  u s e d  to  

a n a ly z e  th e  a m o u n t  o f  th e  c o k e  d e p o s i te d  o n  th e  s p e n t  c a ta ly s ts .  T h e  T P O  p r o f i l e s  
a n d  a m o u n ts  o f  c o k e  d e p o s i t  o n  s p e n t  c a ta ly s ts  o b ta in e d  a f te r  c a ta ly t ic  h y d r o c r a c k in g  
r e a c t io n  o f  v a r io u s  « - p a r a f f in  f e e d s to c k s  ( C 15- C 1 ร) o v e r  0.1 w t%  P t /H Y  c a ta ly s ts  
p r e p a r e d  b y  in c ip ie n t  w e tn e s s  im p r e g n a t io n  a n d  io n - e x c h a n g e d  te c h n iq u e s  a re  
i l lu s t ra te d  in  F ig u r e  4 .1 3  a n d  T a b le  4 .7 . C o n s id e r in g  th e  e f fe c t  o f  f e e d  c h a in  le n g th ,  
th e  r e s u lt s  s h o w e d  th a t  th e  h ig h e r  a m o u n t  o f  c o k e  w a s  o b s e rv e d  o n  lo n g e r  c h a in  
le n g th  f e e d s to c k  c o m p a re d  f ro m  s p e n t  c a ta ly s t  p r e p a r e d  b y  IW I. C o m p a r in g  th e  

_ a m o u n t  o f  c o k e  d e p o s i t  o n  s p e n t  c a ta ly s t  p re p a re d  b y  IW I a n d  IE , c a ta ly s t  p r e p a r e d  
b y  IW I h a d  le s s  a m o u n t  o f  c o k e  d e p o s i t  th a n  c a ta ly s t  p r e p a r e d  b y  IE . T h e s e  T P O  
r e s u l t s  c o n f o r m e d  to  th e  to ta l  c o n v e r s io n  v a lu e  o f  th e s e  c a ta ly s ts ,  th e  h ig h e r  
c o n v e r s io n  ( b e t t e r  c r a c k in g  a c t iv i ty )  w ill  h a v e  m o re  a m o u n t  o f  c o k e  d e p o s i t  o n .

Table 4.7 A m o u n t  o f  c a r b o n  d e p o s i t io n  o n  p r e p a r e d  c a ta ly s t  a f te r  r e a c t io n

4.4 Characterization of Spent Catalysts

Catalyst Feedstock Coke (\vt. %)

Pt/HY (IWI)
«-Cl 5 3.35
«-Cl 6 3.89
«-Cl 7 4.78
«-Cl 8 5.45

Pt/HY (IE) «-C16 4.72

F ro m  F ig u r e  4 .1 3 ,  T P O  p r o f i l e s  s h o w e d  th a t  th e  te m p e r a tu r e  r e q u i r e d  f o r  
b u rn in g  c o k e  o f  th e  s p e n t  c a ta ly s t  p r e p a r e d  b y  IE  w a s  lo w e r  th a n  c a ta ly s ts  p r e p a r e d  
b y  IW I. T h is  r e s u l t  m ig h t  c a u s e  o f  c a ta ly s t  p re p a re d  b y  IE  h a s  h ig h e r  P t  d i s p e r s io n  
w h ic h  re s u l t  o f  b e t te r  ( d e ) h y d ro g e n a t io n  th e n  it h e lp s  r e d u c in g  h a r d  c o k e  f o rm a t io n .  
C o n s id e r in g  s p e n t  c a ta ly s ts  f ro m  d i f f e r e n t  f e e d s to c k s , th e  re s u l t  s h o w e d  lo w e r  c o k e  
b u rn in g  te m p e r a tu r e  in  s h o r te r  c h a in  le n g th  w h ic h  c o u ld  b e  d u e  to  s m a l le r  s iz e  o f  
c o k e  c o m p o s i t io n  th a t  w a s  e a s i ly  r e m o v e d .



fID
 S

ign
al 

(a.
u.)

61

Figure 4.13 TPO profiles of spent catalysts (a) C|6 - IE, (b) C|5 - IWI, (c) Ci6 - IWI, 
(d) c 17 - IWI, and (e) Cl8 - IWI after 6 h time on stream hydrocracking reaction.
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