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Z e o l i t e  c a t a l y s t s  o f  medium-pore  s i z e  a r e  g e t t i n g  i n c r e a s i n g  
a c c e p t a n c e  i n  commerc ia l  p r o c e s s e s ,  e . 9 . .  i n  hydrodewax ing  
o f  m i d d l e  d i s t i l l a t e s .  I n  t h i s  p r o c e s s  n - p a r a f f i n s  and p a r t  
o f  t h e  i s o m e r s  w i t h  one  me thy l  b r a n c h i n g  a r e  s e l e c t i v e l y  
h y d r o c r a c k e d  i n  o r d e r  t o  improve  t h e  low t e m p e r a t u r e  p r o -  
p e r t i e s ,  e s p e c i a l l y  t h e  p o u r  p o i n t .  N o n e t h e l e s s ,  r e l a t i v e l y  
l i t t l e  i s  known on t h e  s h a p e - s e l e c t i v i t y  e f f e c t s  o c c u r i n g  
d u r i n g  h y d r o c o n v e r s i o n  o f  l o n g - c h a i n  a l k a n e s  on medium-pore  
z e o l i t e s .  R e c e n t l y ,  t he  a u t h o r s  r e p o r t e d  (1 )  on t h e  s h a p e -  
s e l e c t i v e  i s o m e r i z a t i o n  and  h y d r o c r a c k i n g  o f  n - d e c a n e  on 
P e n t a s i l  z e o l i t e s .  The p r e s e n t  p a p e r  e x t e n d s  t h e s e  d a t a  t o  
t h e  homologous  s e r i e s  o f  n - a l k a n e s  w i t h  9 t o  1 6  c a r b o n  a toms .  

A Pt/HZSM-5 z e o l i t e  c a t a l y s t  was employed  t h r o u g h o u t  t h i s  
s t u d y .  The z e o l i t e  w i t h  a Si/A1 r a t i o  o f  60 was p r e p a r e d  
a c c o r d i n g  t o  p u b l i s h e d  me thods  ( 2 ) .  I t  was l o a d e d  w i t h  0 . 5  
w t . - %  o f  p l a t i n u m  by c o n t a c t  w i t h  an  aqueous  s o l u t i o n  o f  
[ P t ( N H 3 ) 4 ] C 1 2 .  The c a t a l y t i c  e x p e r i m e n t s  were  c o n d u c t e d  w i t h  
t h e  pure n - a l k a n e s  i n  a hydrogen  a t m o s p h e r e  a t  a t o t a l  p r e s s u r e  
o f  2 MPa and  a h y d r o c a r b o n  p a r t i a l  p r e s s u r e  o f  20 kPa e x c e p t  
f o r  n - h e x a d e c a n e  w h e r e  t h e  l a t t e r  was 1 0  k P a  t o  a v o i d  conden-  
s a t i o n  a t  low r e a c t i o n  t e m p e r a t u r e s .  A f i x e d  bed r e a c t o r  was 
u s e d ’  w / F n - a ]  kane  was i n  t h e  o r d e r  o f  100  g . h / m o l .  With e a c h  
f e e d  t he  r e a c t i o n  t e m p e r a t u r e  was v a r i e d  be tween 200 and 
300 O C  so t h a t  a w ide  r a n g e  o f  c o n v e r s i o n  c o u l d  be c o v e r e d .  
P r o d u c t  a n a l y s i s  was a c h i e v e d  by c a p i l l a r y  G L C  t e c h n i q u e s .  

Two t y p e s  o f  r e a c t i o n  o c c u r  d u r i n g  h y d r o c o n v e r s i o n  o f  n -  
a l k a n e s  on Pt/HZSM-5, v i z .  i s o m e r i z a t i o n  and h y d r o c r a c k i n g .  
In F i g .  1 t h e  y i e l d s  o f  b r a n c h e d  i s o m e r s  and o f  h y d r o c r a c k e d  
p r o d u c t s  a r e  p l o t t e d  v e r s u s  t e m p e r a t u r e  f o r  t h e  e x p e r i m e n t s  
w i t h  n -nonane  and  n - p e n t a d e c a n e .  
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F i g .  1: H y d r o c o n v e r s i o n  o f  n - N o n a n e  a n d  n - P e t a d e c a n e  
on  P t /HZSM-5  

W h i l e  n - n o n a n e  c a n  b e  i s o m e r i z e d  u n d e r  m i l d  c o n d i t i o n s  w i t h -  

o u t  s i g n i f i c a n t  h y d r o c r a c k i n g  t h e  y i e l d  o f  i - p e n t a d e c a n e s  
f r o m  n - p e n t a d e c a n e  i s  l o w  t h r o u g h o u t  t h e  w h o l e  r a n g e  o f  
t e m p e r a t u r e  a n d ,  h e n c e ,  o f  c o n v e r s i o n .  T h e  q u a n t i t a t i v e  e v a -  

l u a t i o n  o f  t h e  i n f l u e n c e  o f  r e a c t i o n  t e m p e r a t u r e  o n  c o n v e r -  
s i o n  shows  t h a t  t h e  a p p a r e n t  e n e r g y  o f  a c t i v a t i o n  d e c r e a s e s  

w i t h  i n c r e a s i n g  c h a i n  l e n q t h .  T h i s  c o u l d  i n d i c a t e  i n c r e a s i n g  
d i f f u s i o n a l  r e s i s t a n c e s .  

T h e  d i s t r i b u t i o n s  o f  i - a l k a n e s  f o r m e d  b y  i s o m e r i z a t i o n  o f  t h e  
n - a l k a n e s  d i f f e r  s u b s t a n t i a l l y  f r o m  t h o s e  o b s e r v e d  o v e r  

f a u j a s i t e  z e o l i t e s  ( 3 ) .  I n  p a r t i c u l a r ,  m e t h y l  i s o m e r s  s t r o n g l y  
p r e d o m i n a t e  o n  P t /HZSM-5  u p  t o  9 0  % c o n v e r s i o n .  S m a l l  a m o u n t s  
o f  d i m e t h y l  i s o m e r s  w i t h  o n e  b r a n c h i n g  i n  t h e  2 - p o s i t i o n  a r e  
a l s o  f o r m e d  w h i l e  e t h y l  i s o m e r s  a r e  a b s e n t .  T h e s e  r e s u l t s  
a r e  b e s t  i n t e r p r e t e d  i n  t e r m s  o f  p r o d u c t  s h a p e - s e l e c t i v i t y .  
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D i s t r i b u t i o n s  of i n d i v i d u a l  methyl  i s o m e r s  formed f rom t h r e e  
s e l e c t e d  n-a1  kanes  a t m o d e r a t e  c o n v e r s i o n s  a r o u n d  1 0  7: a r e  
g i v e n  i n  T a b l e  1 .  T h e  main p r o d u c t  f rom n -nonane  i s  2 - m e t h y l -  
o c t a n e .  This  i s  i n  p r i n c i p a l  a g r e e m e n t  w i t h  o u r  e a r l i e r  
r e s u l t s  ( 1 )  o f  n - d e c a n e  c o n v e r s i o n  on Pt/HZSM-5 and m i g h t  
r e f l e c t  a r e s t r i c t e d  t r a n s i t i o n  s t a t e  s h a p e - s e l e c t i v i t y .  
O n  t h e  o t h e r  h a n d ,  r o u g h l y  e q u a l  amoun t s  o f  i n d i v i d u a l  
me thy l  i s o m e r s  a r e  fo rmed  f rom n - t r i d e c a n e  and  n - p e n t a d e -  
c a n e  ( T a b l e  1 ) .  T h e s e  d i s t r i b u t i o n s  a r e  p r o b l a b l y  c l o s e  
t o  e q u i l  i b r ium.  

T a b l e  1: D i s t r i b u t i o n s  o f  Methyl I s o m e r s  Formed f r o m  
V a r i o u s  n-A1 k a n e s  ( V a l u e s  i n  mol -% o f  t o t a l  
me thy l  i s o m e r s )  

- ‘gH20 Feed  

I 

T e m p e r a t u r e ,  O C  

C o n v e r s i o n ,  % 
Y i e l d  o f  
i-CmH2m+2 9 % 

230 
1 4 . 6  

1 3 . 2  

2 - M - O C  4 2 . 6  
3-M-OC 3 8 . 0  
4-M-OC 1 9 . 4  

- C13H28  

220 
1 0 . 6  

8 . 2  
~ 

2-EI-Do 1 5 . 0  
3-M-DO 2 2 . 3  
4-M-DO 1 8 . 0  
5-M-DO 2 2 . 8  
6-M-Do 2 1 . 9  

- C15H32 

210 
9 . 3  

2 . 8  

2-M-Te 1 4 . 6  
3-M-Te 1 8 . 8  
4-M-Te 1 5 . 4  
5-M-Te 1 5 . 5  
6-M-Te 1 8 . 0  
7-M-Te 1 7 . 7  

H y d r o c r a c k i n g  on Pt/HZSM-5 i s  p u r e l y  i o n i c ,  i . e . ,  n o  h y d r o -  
g e n o l y s i s  on P t - s i t e s  t a k e s  p l a c e .  T h i s  c a n  be c o n c l u d e d  
from t h e  a b s e n c e  o f  m e t h a n e  and e t h a n e .  T y p i c a l  c a r b o n  n u m -  
b e r  d i s t r i b u t i o n s  o f  t h e  c r a c k e d  p r o d u c t s  from n - t e t r a d e -  
c a n e  and  n - p e n t a d e c a n e  a r e  d e p i c t e d  i n  F i g .  2 .  Fo r  c o m p a r i s o n  
t h e  c o r r e s p o n d i n g  d i s t r i b u t i o n s  on a Y- type  z e o l i t e  w i t h  
a p u r e  p r i m a r y  c r a c k i n g  s e l e c t i v i t y  a r e  g i v e n .  
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F i g .  2 :  Carbon Number D i s t r i b u t i o n s  i n  H y d r o c r a c k i n g  
o f  n - T e t r a d e c a n e  and  n - P e n t a d e c a n e  

The c u r v e s  f o r  Pt/HZSM-5 a r e  n o t  f u l l y  s y m m e t r i c a l  which  
i s  i n d i c a t i v e  o f  some s e c o n d a r y  c r a c k i n g .  I t  i s  e v i d e n t  
t h a t  t h e  c r a c k i n g  s e l e c t i v i t y  o n  Pt/HZSM-5 d e v i a t e s  c o n -  
s i d e r a b l y  f rom t h e  o n e  on f a u j a s i t e s .  I n  p a r t i c u l a r ,  more 
C 3  and C 4  a s  w e l l  a s  C m - 3  and  C m - 4  ( m  = c a r b o n  number o f  
f e e d )  a r e  formed on ZSM-5. M o r e o v e r ,  t h e  d i s t r i b u t i o n  c u r v e s  
f o r  t h e  medium-pore z e o l i t e  e x h i b i t  d i s t i n c t  min ima.  

The c r a c k e d  p r o d u c t s  on Pt/HZSM-5 c o n s i s t  o f  n - a l k a n e s  and  
me thy l  i s o m e r s .  D e t a i l e d  i s o m e r  d i s t r i b u t i o n s  w i l l  be g i v e n  
i n  t h e  p a p e r .  A r e a c t i o n  n e t w o r k  f o r  s h a p e - s e l e c t i v e  r e a r r a n -  
gemen t s  and  8 - s c i s s i o n s  i n  t h e  p o r e s  of ZSM-5 w i l l  be  d e v e -  
l o p e d .  
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