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©  A  process  for  isomerizing  xylenes. 

Isomerization  of  xylenes  in  admixture  with  ethyl  benzene 
by  contact  with  a  zeolite  catalyst  such  as  ZSM-5  is  improved 
by  use  of  zeolite  having  a  silica/  alumina  ratio  of  at  least  500  at 
a  temperature  above  about  427°C.  At  these  conditions,  con- 
version  of  ethyl  benzene  follows  a  different  reaction  path 
which  permits  high  conversion  of  ethyl  benzene  to  benzene 
without  loss  of  xylenes  by  disproportionation. 



T h i s   i n v e n t i o n   r e l a t e s   to  t h e   i s o m e r i z a t i o n   o f  

x y l e n e s   in   a  C8  f r a c t i o n   w h i c h   a l s o   c o n t a i n s   e t h y l b e n z e n e .  

I n  a   p r o c e s s   w i d e l y   p r a c t i s e d   c o m m e r c i a l l y ,   a n d  

d e s c r i b e d   i n t e r   a l i a   in   U.K.  S p e c i f i c a t i o n   1 , 4 4 4 , 4 8 1 ,   s u c h  

x y l e n e s   a r e   i s o m e r i z e d   in   t h e   v a p o u r   p h a s e   e m p l o y i n g   a  

c a t a l y s t   c o n t a i n i n g   a  z e o l i t e   s u c h   as  ZSM-5  in  t h e   a c i d   f o r m .  

In  t h i s   p r o c e s s   t h e   d e s c r i b e d   c o n v e r s i o n   of  e t h y l b e n z e n e  

- a l w a y s   p r e s e n t   in  C8  f r a c t i o n s -   i s   a c c o m p l i s h e d   by  i t s  

d i s p r o p o r t i o n a t i o n ,   o v e r   t h e   c a t a l y s t ,   to  b e n z e n e   a n d  

d i e t h y l b e n z e n e .   H o w e v e r ,   s i n c e   i t   i s   c a t a l y s t   a c i d i t y  

w h i c h   i s   r e s p o n s i b l e   f o r   t h i s   d i s p r o p o r t i o n a t i o n   t h e r e   i s   a 

l i m i t   upon   t h e   e x t e n t   to  w h i c h   t h i s   c o n v e r s i o n   can  b e  

p e r m i t t e d   to  p r o c e e d ,   s i n c e   x y l e n e   l o s s e s   (by  t h e i r  

d i s p r o p o r t i o n a t i o n )   i n c r e a s e   w i t h   i n c r e a s i n g   c a t a l y s t  

a c i d i t y .  

We  h a v e   now  f o u n d   t h a t   e t h y l b e n z e n e   can  be  c o n v e r t e d  

by  a  r e a c t i o n   m e c h a n i s m   w h i c h   i s  n o t   s t r o n g l y   d e p e n d e n t   o n  

c a t a l y s t   a c i d i t y ,   and  t h a t   s i n c e   t h e   x y l e n e   i s o m e r i z a t i o n  

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

c a t a l y s t   a c i d i t y ,   g i v e n   a p p r o p r i a t e   c o n d i t i o n s ,  



t h a t   r e a c t i o n   can  be  so  c o n d u c t e d   as  to  a v o i d   l o s s   o f  

x y l e n e s   by  d i s p r o p o r t i o n a t i o n   w h i l s t  s i m u l t a n e o u s l y  

c o n v e r t i n g   e t h y l b e n z e n e   to  a  d e s i r a b l e   e x t e n t . -  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   a  p r o c e s s  
f o r   i s o m e r i z i n g   x y l e n e s   mixed   w i t h   e t h y l  b e n z e n e   b y  

c o n t a c t   a t   c o n v e r s i o n   c o n d i t i o n s   w i t h   a  c a t a l y s t  

c o m p r i s i n g   a  z e o l i t e   h a v i n g   a  c o n s t r a i n t   i n d e x   of   1  t o  

12,  i s   c h a r a c t e r i z e d   by  t h e   f a c t   t h a t   t h e   z e o l i t e   has   a  
s i l i c a / a l u m i n a   r a t i o   of   a t   l e a s t   500  and  t h e   c o n v e r s i o n  

t e m p e r a t u r e   i s  a b o v e   8 0 0 ° F .  

The  p r e f e r r e d   z e o l i t e s   a r e   ZSM-5  i t s e l f   a n d  

Z S M - 5 ( c c M ) ,   p a r t i c u l a r l y   ZSM-5  ( c c P t ) .   They  a r e  

a d v a n t a g e o u s l y   e m p l o y e d   in   c o m p o s i t e d   f o r m , ,   t h e   z e o l i t e  

c o n s t i t u t i n g   f rom  1  to  99,  p r e f e r a b l y   5  to   80,   w e i g h t  

p e r c e n t   of  a  c o m p o s i t e   w i t h   a  b i n d e r .   The  t e m p e r a t u r e  

r a n g e   u s u a l l y   e m p l o y e d   i s   800  to   1 0 0 0 ° F ,   and  t h e   z e o l i t e  

s i l i c a / a l u m i n a   mole   r a t i o   can  r a n g e   up  to   3 0 0 0 .  

The  s i g n i f i c a n c e   and  d e f i n i t i o n   o f  

" c o n s t r a i n t   i n d e x "   has   been   w i d e l y   d i s s e m i n a t e d   in   t h e  

p a t e n t   l i t e r a t u r e ,   f o r   i n s t a n c e   in   DTOS  2 , 4 3 8 , 2 5 2 .  

The  p r o c e s s   of  t h e   i n v e n t i o n   t h u s   u s e s   a  

z e o l i t e   of  low  a l u m i n a   c o n t e n t ,   and  t h e r e f o r e   of  l o w  

a c i d   e x c h a n g e   c a p a c i t y ,   w h i c h   may  a l s o   c o n t a i n   m e t a l s  

s u c h   a  p l a t i n u m   or  n i c k e l .   To  c o m p e n s a t e   f o r   t he   l o w e r  

a c i d   a c t i v i t y   of  t h e   c a t a l y s t   t h e   t e m p e r a t u r e   i s   r a i s e d  

to  8 0 0 ° F .   or  h i g h e r   to   e f f e c t   x y l e n e   i s o m e r i z a t i o n .   A t  

t h e s e   t e m p e r a t u r e s ,   e t h y l   b e n z e n e   r e a c t s   p r i m a r i l y   v i a  

d e a l k y l a t i o n   to   b e n z e n e   and  e t h a n e   r a t h e r   t h a n   v i a  

d i s p r o p o r t i o n a t i o n   to   b e n z e n e   and  d i e t h y l   b e n z e n e ,   a  

m e c h a n i s m   f a i r l y   i n d e p e n d e n t   of  c a t a l y s t   a c i d i t y .   S i n c e  

e t h y l   b e n z e n e   c o n v e r s i o n   i s   l e s s   d e p e n d e n t   on  t h e   a c i d  

f u n c t i o n ,   a  l o w e r   a c i d i t y   c a t a l y s t   can  be  u s e d   t o  



p e r f o r m   t h e   r e l a t i v e l y   e a s y   x y l e n e   i s o m e r i z a t i o n ,   a n d  

t h e   a m o u n t   of   x y l e n e s   d i s p r o p o r t i o n a t e d   i s   e l i m i n a t e d .  

The  r e d u c t i o n   of  x y l e n e   l o s s e s   i s   i m p o r t a n t   b e c a u s e  

a b o u t   75%  of  t h e   x y l e n e   s t r e a m   i s   r e c y c l e d   in  t he   l o o p  

r e s u l t i n g   in  an  u l t i m a t e   x y l e n e   l o s s   of  6 - 1 0   wt.%  b y  

p r e v i o u s   p r o c e s s e s .  

S i n c e   mos t   of  t h e   e t h y l   b e n z e n e   goes   t o  

b e n z e n e   i n s t e a d   of  b e n z e n e   p l u s   d i e t h y l   b e n z e n e s ,   t h e  

p r o d u c t   q u a l i t y   of  t h e   new  p r o c e s s   i s   b e t t e r   t h a n   t h a t  

of  p r i o r   p r a c t i c e s .  

The  new  p r o c e s s   a l s o   a l l o w s   g r e a t e r  

f l e x i b i l i t y   w i t h   r e s p e c t   to  c h a r g e   s t o c k .   S i n c e   e t h y l  
b e n z e n e   c o n v e r s i o n   i s   r e l a t i v e l y   i n d e p e n d e n t   o f  

i s o m e r i z a t i o n ,   h i g h   e t h y l   b e n z e n e   c o n t a i n i n g   c h a r g e  

s t o c k s   can  be  p r o c e s s e d ,   w h i c h   means   t h a t   c h a r g e   s t o c k s  

f rom  t h e r m a l   c r a c k e r s   ( a b o u t   30  wt.%  e t h y l   b e n z e n e )   c a n  

be  u s e d   as  w e l l   as  c o n v e n t i o n a l   s t o c k s   f rom  r e f o r m e r s .  

In  a d d i t i o n ,   d e a l k y l a t i o n   of  C2+  a l k y l   g r o u p s   i s  

f a v o r e d   s i n c e   t h e   t e m p e r a t u r e   i s   a b o v e   8 0 0 o F .   As  a  

r e s u l t ,   p a r a f f i n s   in  t h e   c h a r g e   s t o c k   w i l l   no t   a l k y l a t e  

t h e   a r o m a t i c   r i n g s ,   e l i m i n a t i n g   x y l e n e   l o s s   v i a   t h i s  

m e c h a n i s m .   Thus ,   t h i s   new  p r o c e s s   can  p r o c e s s   p a r a f f i n s  

in  t h e   c h a r g e   by  c r a c k i n g   them  to  l i g h t e r   p a r a f f i n s  

e l i m i n a t i n g   t he   need   f o r   t h e i r   r e m o v a l   by  t e c h n i q u e s  

s u c h   as  e x t r a c t i o n .   F i n a l l y ,   a  s m a l l   p o r t i o n   of  t h e  

c r a c k e d   f r a g m e n t s   a r e   r e c o m b i n e d   to  form  new  a r o m a t i c  

r i n g s   w h i c h   r e s u l t s   in  a  ne t   i n c r e a s e   of  a r o m a t i c   r i n g s .  

The  s i n g l e   f i g u r e   of  t h e  d r a w i n g   i s   a  f l o w  

s h e e t   of  a  t y p i c a l   x y l e n e   i s o m e r i z a t i o n   p l a n t   f o r  

p r o c e s s i n g   C8  f e e d s ,   in  w h i c h   the   i n v e n t i o n   may  b e  

a p p l i e d .  

R e f e r r i n g   to  t h e   d r a w i n g ,   t he   c h a r g e  



i n t r o d u c e d   by  l i n e  4   i s   a  m i x t u r e   of  e i g h t   c a r b o n   a t o m  

a l k y l   a r o m a t i c s ,   n a m e l y   e t h y l   b e n z e n e   and  t h e   t h r e e  

x y l e n e   i s o m e r s .   Such  c h a r g e   s t o c k s   a r e   d e r i v e d   f r o m  

c a t a l y t i c   r e f o r m a t e s ,   p y r o l y s i s   g a s o l i n e ,   e t c .  b y  
d i s t i l l a t i o n   and  s o l v e n t   e x t r a c t i o n   to   s e p a r a t e   a r o m a t i c  

c o m p o u n d s   f rom  a l i p h a t i c s .   The  p r e s e n t   p r o c e s s   has   t h e  

a b i l i t y ,   u n i q u e   among  x y l e n e   i s o m e r i z a t i o n   p r o c e s s e s ,   o f  

c o n v e r t i n g   p a r a f f i n s ,   o l e f i n s   and  t he   l i k e   w h i c h   a r e  

s e p a r a t e d   by  t h e   n o r m a l   d i s t i l l a t i o n   f a c i l i t i e s   of  a n  

i s o m e r i z a t i o n   l o o p .   T h i s   p r o c e s s   i s   t h e r e f o r e   c a p a b l e  

of  a c c e p t i n g   c h a r g e   m a t e r i a l s   w h i c h   c o n t a i n   s u b s t a n t i a l  

q u a n t i t i e s   ( s a y   up  to   15%)  of  a l i p h a t i c   h y d r o c a r b o n s .  

O t h e r   s o u r c e s   f o r   p r o d u c t i o n   of  x y l e n e s   i n c l u d e   t o l u e n e  

d i s p r o p o r t i o n a t i o n   and  m e t h y l a t i o n   of  t o l u e n e .   T h e s e  

c h a r g e   s t o c k s   c o n t a i n   l i t t l e   or  no  e t h y l   b e n z e n e   a n d  

t h e r e f o r e   c a n n o t   t a k e   a d v a n t a g e   of  t he   n o v e l   e t h y l  

b e n z e n e   c o n v e r s i o n   f e a t u r e   of  t h e   i n v e n t i o n .   H o w e v e r ,  

t h e s e   a r e   a c c e p t a b l e   c h a r g e   s t o c k s   a l o n e   or  i n  

c o m b i n a t i o n   w i t h   f r a c t i o n s   w h i c h   c o n t a i n   e t h y l   b e n z e n e .  

Such  c h a r g e   s t o c k   p a s s e s   by  l i n e   4  to  a  x y l e n e   s p l i t t e r  

c o l u m n   5.  The  b o t t o m s   f r o m   t h e   x y l e n e   s p l i t t e r ,  

c o n s t i t u t e d   by  o - x y l e n e   and  Cg  a r o m a t i c s   p a s s e s   by  l i n e  

6  to   t h e   o - x y l e n e   t o w e r   7  f rom  w h i c h   o - x y l e n e   i s   t a k e n  

o v e r h e a d   a t   l i n e   8  and  h e a v y   e n d s   a r e   r e m o v e d   by  l i n e   9 .  

The  o v e r h e a d   f rom  x y l e n e   s p l i t t e r   c o l u m n   5  i s  

t r a n s f e r r e d   to   c o n v e n t i o n a l   c r y s t a l l i z a t i o n   s e p a r a t i o n  

10  t h r o u g h   l i n e   11.  The  c r y s t a l l i z e r   o p e r a t e s   in   t h e  

m a n n e r   d e s c r i b e d   in   U . S . S p e c i f i c a t i o n   3 , 6 6 2 , 0 1 3 .  

B e c a u s e   i t s   m e l t i n g   p o i n t   i s m u c h   h i g h e r   t h a n  

t h a t   of   t h e   o t h e r   C8  a r o m a t i c s ,   p - x y l e n e ' i s   r e a d i l y  

s e p a r a t e d   in  t h e   c r y s t a l l i z e r   a f t e r   r e f r i g e r a t i o n   of  t h e  

s t r e a m   and  a  x y l e n e   m i x t u r e   l e a n   in   p - x y l e n e   i s  

t r a n s f e r r e d   to   an  i s o m e r i z a t i o n   u n i t   t h r o u g h   l i n e   1 2 .  

The  i s o m e r i z a t i o n   c h a r g e   p a s s e s   t h r o u g h   a  h e a t e r   13,  i s  

a d m i x e d   w i t h   h y d r o g e n  a d m i t t e d   t h r o u g h   l i n e   14  and  t h e  



m i x t u r e   i s   i n t r o d u c e d   to  t h e   r e a c t o r   15  o p e r a t d   in  a  

m a n n e r   p r e s e n t l y   to  be  d e s c r i b e d .  

I s o m e r i z e d   p r o d u c t   f rom  r e a c t o r   15  i s   c o o l e d  

in  h e a t   e x c h a n g e r   16  and  p a s s e s   to  a  h i g h   p r e s s u r e  

s e p a r a t o r   17  f rom  wh ich   s e p a r a t e d   h y d r o g e n   can  b e  

r e c y c l e d   in  t h e   p r o c e s s .   The  l i q u i d   p r o d u c t   of  t h e  

i s o m e r i z a t i o n   p a s s e s   by  l i n e   18  to  a  s t r i p   pe r   19  f r o m  

w h i c h   l i g h t   ends   a r e   p a s s e d   o v e r h e a d   by  l i n e   20.  The  

r e m a i n i n g   l i q u i d   p r o d u c t   c o n s t i t u t e d   by  C8+  h y d r o c a b r o n s  

i s   r e c y c l e d   in  t h e   s y s t e m   by  l i n e   21  to   t he   i n l e t   o f  

x y l e n e   s t r i p p e r   c o l u m n   5 .  

I t   w i l l   be  s e e n   t h a t   t h e   s y s t e m   is   a d a p t e d   t o  

p r o d u c e   maximum  q u a n t i t i e s   of  p - x y l e n e   f rom  a  mixed   C8 
a r o m a t i c   f e e d   c o n t a i n i n g   a l l   of  t h e   x y l e n e   i s o m e r s   p l u s  

e t h y l   b e n z e n e  .   The  key  to  e f f i c i e n t   o p e r a t i o n   f o r   t h a t  

p u r p o s e   i s   in  t h e   i s o m e r i z e r   w h i c h   t a k e s   c r y s t a l l i z e r  

e f f l u e n t   l e a n   in  p - x y l e n e   and  c o n v e r t s   t he   o t h e r   x y l e n e  

i s o m e r s   in   p a r t   to  p - x y l e n e   f o r   f u r t h e r   r e c o v e r y   a t   t h e  

c r y s t a l l i z e r .  

The  r e a c t o r   15  c o n t a i n s   a  c r y s t a l l i n e  

a l u m i n o s i l i c a t e   ( z e o l i t e )   c a t a l y s t   of  r e l a t i v e l y   l o w  

a c i d   a c t i v i t y   by  r e a s o n   of  i t s   v e r y   h i g h   s i l i c a / a l u m i n a  

r a t i o   of   500  or  h i g h e r .   Tha t   c a t a l y s t ,  w h i c h   i s  

p r e f e r a b l y   c o m b i n e d   w i t h   a  m e t a l   f rom  Group  V I I I   of  t h e  

P e r i o d i c   T a b l e   p r o m o t e s   a  r e a c t i o n   c o u r s e   w h i c h   i s  

u n i q u e   a t   t e m p e r a t u r e s   u p w a r d s   of  8 0 0 0 F .   E t h y l   b e n z e n e  

in  t h e   c h a r g e   i s   s e l e c t i v e l y   c r a c k e d   to  b e n z e n e   a n d  

e t h a n e   a t   l i t t l e   or  no  c o n v e r s i o n   of  x y l e n e s .   The  t w o  

c o n v e r s i o n s   a r e ,   as  n o t e d   a b o v e ,   d e c o u p l e d   s u c h   t h a t ,  

f o r   t h e   f i r s t   t i m e ,   r e a c t i o n   s e v e r i t y   i s   not   a  

c o m p r o m i s e   to  a c h i e v e   e f f e c t i v e   e t h y l   b e n z e n e   c o n v e r s i o n  

at   " a c c e p t a b l e "   l o s s   of  x y l e n e .   T h i s   c h a r a c t e r i s t i c   o f  

the   p r o c e s s   r e n d e r s   u n n e c e s s a r y   t he   p r e l i m i n a r y  



d i s t i l l a t i o n   to  s e p a r a t e   a t   l e a s t   some  of  t h e   e t h y l  

b e n z e n e   f rom  t h e   f e e d   s t r e a m   as  p r a c t i c e d   in   p r i o r  

p r o c e s s e s .   I t   has   been   f u r t h e r   f o u n d   t h a t   t h e   p r e s e n t  

p r o c e s s   has   c a p a b i l i t y   to  c o n v e r t   p a r a f f i n   h y d r o c a r b o n s .  

T h i s   makes   i t   p o s s i b l e   to  d i s p e n s e   w i t h   t h e   e x p e n s i v e  

e x t r a c t i o n   s t e p   c o n v e n t i o n a l l y   a p p l i e d   t o  t h e   C8 
a r o m a t i c   f r a c t i o n   of   c a t a l y t i c a l l y   r e f o r m e d   n a p h t h a s   i n  

t h e   m a n u f a c t u r e   and  r e c o v e r y   of  x y l e n e s .   In  t a k i n g  

a d v a n t a g e   of  t h i s   f e a t u r e ,   t h e   f e e d   s t r e a m   a t   l i n e   4 

w i l l   c o n t a i n   t h e  C 8   a r o m a t i c s   of  a  r e f o r m a t e   or  t h e   l i k e  

t o g e t h e r   w i t h   t h e   p a r a f f i n s   of  l i k e   b o i l i n g   r a n g e ,  

m o s t l y   m o n a n e s .   The  p a r a f f i n s   in  t h e   c h a r g e   a r e  

h y d r o c r a c k e d   to  l i g h t e r   p a r a f f i n s ,   i n c l u d i n g  e t h a n e ,  

w h i c h   w i l l   come  o f f   s e p a r a t o r   17  w i t h   t he   r e c y c l e  

h y d r o g e n   in   much  g r e a t e r   q u a n t i t y   t h a n   t h a t   r e s u l t i n g  

f rom  c o n v e r s i o n   of  e t h y l   b e n z e n e .   Th i s   r e q u i r e s  

m o d i f i c a t i o n   of  t h e   u s u a l   t e c h n i q u e s   f o r   m a i n t a i n i n g  

c o n c e n t r a t i o n   of  t h e   r e c y c l e   h y d r o g e n  s t r e a m   b y  

w i t h d r a w a l   of  a  d r a g   s t r e a m ,   n o t   shown  in  t h e   d r a w i n g .  

The  f l o w   s h e e t   o f  t h e   d r a w i n g   c o n t e m p l a t e s  

s e p a r a t e   r e c o v e r y   of  o - x y l e n e .   I t   w i l l   be  i m m e d i a t e l y  

a p p a r e n t   t h a t   t h i s   i s o m e r   may  be  r e c y c l e d   in  t h e   s y s t e m  

in  t h e   e v e n t   o - x y l e n e   i s   no t   a  d e s i r e d   p r o d u c t .   I n  

t h a t   e v e n t ,   s p l i t t e r   t o w e r   5  i s   o p e r a t e d   to  t a k e  

o - x y l e n e   o v e r h e a d   w i t h   t h e   o t h e r   C8  a r o m a t i c s   and  t a k e  

o n l y   Cg+  as  b o t t o m s   f rom  t o w e r   5 .  

The  p r e f e r r e d   z e o l i t e s   f o r   use   a c c o r d i n g   t o  

t he   i n v e n t i o n   a r e   t h e   w e l l   known  z e o l i t e s   ZSM-5,  Z S M - 1 1 ,  

ZSM-12,   ZSM-35  and  ZSM-38,   d e s c r i b e d   r e s p e c t i v e l y   i n  

U.S .   S p e c i f i c a t i o n s   3 , 7 0 2 , 8 8 6 ,   3 , 7 0 9 , 9 4 9 ,   3 , 9 7 0 , 5 4 4 ,  

4 , 0 1 6 , 2 4 5   and  4 , 0 4 6 , 8 5 9 .   A  p a r t i c u l a r l y   p r e f e r r e d   f o r m  

of  z e o l i t e   ZSM-5  i s   o b t a i n e d   by  c r y s t a l l i z a t i o n   of  t h e  

z e o l i t e   f rom  a  s o l u t i o n   c o n t a i n i n g   m e t a l   i o n s .   S u c h  

ZSM-5  v a r i a n t s   o b t a i n e d   by  c o - c r y s t a l l i z a t i o n   of  m e t a l  



and  z e o l i t e   - w h i c h   we  d e s i g n a t e   Z S M - 5 ( c c M ) -   have   p r o v e n  

p a r t i c u l a r l y   e f f e c t i v e   in  t he   p r o c e s s   of  t h e   i n v e n t i o n  

w h e r e   t h e   v a r i a n t   i s   one  - Z S M - 5 ( o c P t ) -   c o n t a i n i n g   0 .2   t o  

0 .8   Wt.%  p l a t i n u m .  

The  x - r a y   d i f f r a c t i o n   p a t t e r n   of  z e o l i t e  

ZSM-5(ccM)  m a n i f e s t s   t h e   f o l l o w i n g   s i g n i f i c a n t  

d - s p a c i n g s :  







T h e s e   v a l u e s   were   d e t e r m i n e d   by  s t a n d a r d  

t e c h n i q u e s .   The  r a d i a t i o n   was  t h e   K - a l p h a   d o u b l e t  

c o p p e r ,   and  a  s c i n t i l l a t i o n   c o u n t e r   s p e c t r o m e t e r   w i t h   a  

s t r i p   c h a r t   pen  r e c o r d e r   was  u s e d .   T h e  p e a k   h e i g h t ,   I ,  

and  t h e   p o s i t i o n s   as  a  f u n c t i o n   of  2  t i m e s   t h e t a ,   w h e r e  

t h e t a   i s   t he   B r a g g   a n g l e ,   were   r e a d   f r o m  t h e  

s p e c t r o m e t e r   c h a r t .   From  t h e s e ,   t h e   r e l a t i v e  

i n t e n s i t i e s ,   100  I / I o ,   w h e r e   Io  i s   t h e   i n t e n s i t y  o f   t h e  

s t r o n g e s t   l i n e   or  p e a k ,   and  d  ( o b s . ) ,   t h e   i n t e r p l a n a r  

s p a c i n g   in   A,  c o r r e s p o n d i n g   to   t h e   r e c o r d e d   l i n e s ,   w e r e  

c a l c u l a t e d .   In  T a b l e   I I I   t h e   r e l a t i v e   i n t e n s i t i e s   a r e  

g i v e n   in   t e r m s   of  a  s u b j e c t i v e   e v a l u a t i o n .   I t   s h o u l d   b e  

u n d e r s t o o d   t h a t   t h i s   X - r a y   d i f f r a c t i o n   p a t t e r n   i s  

c h a r a c t e r i s t i c   of  a l l   t h e   s p e c i e s   of  ZSM-5  ( c c M )  

c o m p o s i t i o n s .   Ion  e x c h a n g e  o f   t h e   s o d i u m   ion   w i t h  

c a t i o n s   r e v e a l s   s u b s t a n t i a l l y   t he   same  p a t t e r n   w i t h   s o m e  

m i n o r   s h i f t s   in  i n t e r p l a n a r   s p a c i n g   and  v a r i a t i o n   i n  

r e l a t i v e   i n t e n s i t y .   O t h e r   m i n o r   v a r i a t i o n s   can  o c c u r  

d e p e n d i n g   on  t h e   s i l i c a   to   a l u m i n a   r a t i o   of  t h e  

p a r t i c u l a r   s a m p l e   and  t h e   e x t e n t   of  t h e r m a l  

c o n d i t i o n i n g .  

ZSM-5(ccM)   can  be  p r e p a r e d   f rom  a  r e a c t i o n  

m i x t u r e   h a v i n g   a  c o m p o s i t i o n ,   in  t e r m s   of  mole   r a t i o s   o f  

o x i d e s ,   f a l l i n g   w i t h i n   t h e   f o l l o w i n g   r a n g e s :  



T y p i c a l   r e a c t i o n   c o n d i t i o n s   c o n s i s t   of  h e a t i n g  

t h e   f o r e g o i n g   r e a c t i o n   m i x t u r e   to   a  t e m p e r a t u r e   of  f r o m  .  

a b o u t   100°C  to  1 7 5 ° C .   f o r   a  p e r i o d   of   t i m e   of  f r o m  

a b o u t s i x   h o u r s   to   120  d a y s .   A  more  p r e f e r r e d  

t e m p e r a t u r e   r a n g e   i s   f r om  a b o u t   9 5 ° C .   to   175°C .   w i t h   t h e  

a m o u n t   of  t i m e   a t   a  t e m p e r a t u r e   in  s u c h   r a n g e   b e i n g   f r o m  

a b o u t   12  h o u r s   to   8  d a y s .  

The  d i g e s t i o n   of   t h e  g e l   p a r t i c l e s   i s  c a r r i e d  

ou t   u n t i l   c r y s t a l s   f o r m .   The  s o l i d   p r o d u c t   i s   s e p a r a t e d  

f rom  t h e   r e a c t i o n   med ium,   as  by  c o o l i n g   t he   w h o l e   t o  

room  t e m p e r a t u r e ,   f i l t e r i n g   and  w a t e r   w a s h i n g .  

The  f o r e g o i n g   p r o d u c t   i s   d r i e d ,   e . g .  a t  

2 3 0 ° F . ,  f o r   f rom  a b o u t   8  to   24  h o u r s .   Of  c o u r s e ,   m i l d e r  

c o n d i t i o n s   may  be  e m p l o y e d   i f   d e s i r e d ,   e . g .   r o o m  

t e m p e r a t u r e   u n d e r   v a c u u m .  

The  s p e c i f i c   z e o l i t e s   d e s c r i b e d ,   when  p r e p a r e d  

in  t h e   p r e s e n c e   of   o r g a n i c   c a t i o n s ,   a r e   c a t a l y t i c a l l y  

i n a c t i v e ,   p o s s i b l y   b e c a u s e   t h e   i n t r a c r y s t a l l i n e  f r e e  

s p a c e   i s   o c c u p i e d   by  o r g a n i c   c a t i o n s   f rom  t he   f o r m i n g  .  

s o l u t i o n .   They  may  be  a c t i v a t e d   by  h e a t i n g   in  an  i n e r t  

a t m o s p h e r e   a t   1 0 0 0 ° F .   f o r   one  h o u r ,   f o r   e x a m p l e ,  

f o l l o w e d   by  b a s e   e x c h a n g e   w i t h . a m m o n i u m   s a l t s   f o l l o w e d  

by  c a l c i n a t i o n   a t   1 0 0 0 ° F .   in  a i r .   The  p r e s e n c e   o f  



o r g a n i c   c a t i o n s   in   t h e   f o r m i n g   s o l u t i o n   may  no t   b e  

a b s o l u t e l y   e s s e n t i a l   t o  t h e  f o r m a t i o n   of  t h i s   t y p e  

z e o l i t e ;   h o w e v e r ,   t h e   p r e s e n c e   of  t h e s e   c a t i o n s   d o e s  

a p p e a r   to   f a v o r   t h e   f o r m a t i o n   of  t h i s   s p e c i a l   t y p e   o f  

z e o l i t e .   More  g e n e r a l l y ,   i t   i s  d e s i r a b l e   to   a c t i v a t e  

t h i s   t y p e   c a t a l y s t   by  b a s e   e x c h a n g e   w i t h   ammonium  s a l t s  

f o l l o w e d   by  c a l c i n a t i o n   i n  a i r   a t   a b o u t   1 0 0 0 ° F .  f o r  f r o m  

a b o u t   15  m i n u t e s   to   a b o u t   24  h o u r s .  

N a t u r a l   z e o l i t e s   may  s o m e t i m e s  b e  c o n v e r t e d   t o  

t h i s   t y p e   z e o l i t e   c a t a l y s t   b y  v a r i o u s   a c t i v a t i o n  

p r o c e d u r e s   and  o t h e r   t r e a t m e n t s   s u c h   as  b a s e   e x c h a n g e ,  

s t e a m i n g ,   a l u m i n a   e x t r a c t i o n  a n d   c a l c i n a t i o n ,  i n  

c o m b i n a t i o n s .   N a t u r a l   m i n e r a l s   w h i c h   may  be  so  t r e a t e d  

i n c l u d e   f e r r i e r i t e ,   b r e w s t e r i t e ,   s t i l b i t e ,   d a c h i a r d i t e ,  

e p i s t i l b i t e ,   h e u l a n d i t e ,   a n d  c l i n o p t i l o l i t e .  

In  a  p r e f e r r e d   a s p e c t   of  t h i s   i n v e n t i o n ,   t h e  

z e o l i t e s   h e r e o f   a r e   s e l e c t e d   a s  t h o s e   h a v i n g   a  c r y s t a l  

f r a m e w o r k  d e n s i t y ,   in   t h e   d ry   h y d r o g e n   f o r m ,   o f  n o t  

s u b s t a n t i a l l y   b e l o w   a b o u t   1'.6  g rams   p e r   c u b i c  

c e n t i m e t e r .   I t  h a s  b e e n   f o u n d   t h a t  z e o l i t e s   w h i c h  

s a t i s f y   a l l   t h r e e   of   t h e s e   c r i t e r i a   a r e   mos t   d e s i r e d .  

T h e r e f o r e ,   t h e   p r e f e r r e d  z e o l i t e s   of   t h i s  i n v e n t i o n   a r e  

t h o s e   h a v i n g   a  c o n s t r a i n t  i n d e x   a s  d e f i n e d  a b o v e   o f  

a b o u t   1  t o   a b o u t   1 2 ,  a   s i l i c a  t o   a l u m i n a   r a t i o   o f  a t  

l e a s t   a b o u t   500  and  a  d r i e d   c r y s t a l   d e n s i t y  o f   n o t   l e s s  

t h a n   a b o u t   1.6  g r a m s   p e r   c u b i c   c e n t i m e t e r .   The  d r y  

d e n s i t y   f o r   k n o w n  s t r u c t u r e s  m a y   be  c a l c u l a t e d   f rom  t h e  

n u m b e r   of  s i l i c o n  p l u s   a l u m i n u m   a t o m s   p e r   1 0 0 0  c u b i c  

A n g s t r o m s ,   as  g i v e n ,   e . g .   o n  p a g e  1 9   of  t h e  a r t i c l e   o n  

Z e o l i t e   S t r u c t u r e   by  W. M.  M e i e r .   Th i s   p a p r ,  t h e  
e n t i r e   c o n t e n t s   of   w h i c h   a r e   i n c o r p o r a t e d   h e r e i n   b y  

r e f e r e n c e ,   i s  i n c l u d e d  i n   " P r o c e e d i n g s   of  t h e   C o n f e r e n c e  

on  M o l e c u l a r   S i e v e s ,   L o n d o n ,  A p r i l   1 9 6 7 , "   p u b l i s h e d   b y  

t h e   S o c i e t y   of  C h e m i c a l   I n d u s t r y ,   L o n d o n ,   1968 .   When 



t h e   c r y s t a l   s t r u c t u r e   i s   u n k n o w n ,   t he   c r y s t a l   f r a m e w o r k  

d e n s i t y   may  be  d e t e r m i n e d   by  c l a s s i c a l   p y k o m e t e r  

t e c h n i q u e s .   For  e x a m p l e ,   i t   may  be  d e t e r m i n e d   by  

i m m e r s i n g   t h e   dry   h y d r o g e n   form  of  t h e   z e o l i t e   in  a n  

o r g a n i c   s o l v e n t   w h i c h   i s   no t   s o r b e d   by  t he   c r y s t a l .   I t  

i s   p o s s i b l e   t h a t   t h e   u n u s u a l   s u s t a i n e d   a c t i v i t y   a n d  

s t a b i l i t y   of  t h i s   c l a s s   of  z e o l i t e s   i s   a s s o c i a t e d   w i t h  

i t s   h i g h   c r y s t a l   a n i o n i c   f r a m e w o r k   d e n s i t y   of  not   l e s s  

t h a n   a b o u t   1.6  g rams   p e r   c u b i c   c e n t i m e t e r .   The  h i g h  

d e n s i t y ,   of  c o u r s e ,   must   be  a s s o c i a t e d   w i t h   a  r e l a t i v e l y  

s m a l l   a m o u n t   of  f r e e   s p a c e   w i t h i n   t h e   c r y s t a l ,   w h i c h  

m i g h t   be  e x p e c t e d   to   r e s u l t   in  more  s t a b l e   s t r u c t u r e s .  

T h i s   f r e e   s p a c e ,   h o w e v e r ,   i s   i m p o r t a n t   as  t h e   l o c u s   o f  

c a t a l y t i c   a c t i v i t y .  

C r y s t a l   f r a m e w o r k   d e n s i t i e s   of  some  t y p i c a l  

z e o l i t e s   a r e :  



When  s y n t h e s i z e d   in  t h e   a l k a l i   m e t a l   f o rm ,   t h e  

z e o l i t e   i s  c o n v e n i e n t l y   c o n v e r t e d   to  t h e   h y d r o g e n   f o r m ,  

g e n e r a l l y   by  i n t e r m e d i a t e   f o r m a t i o n   of  t h e   a a m m o n i u m  

fo rm  as  a  r e s u l t   of  a m o n i u m   ion   e x e h a n g e   a n d  

c a l c i n a t i o n   of  t h e   ammonium  fo rm  to  y i e l d   t h e   h y d r o g e n  
f o r m .   In  a d d i t i o n   to   t h e   h y d r o g e n   f o r m ,   o t h e r   f o r m s   o f  

t h e   z e o l i t e   w h e r e i n   t h e   o r i g i n a l   a l k a l i  m e t a l   has   b e e n  

r e d u c e d   to   l e s s   t h a n  a b o u t  1 , 3   p e r c e n t   by  w e i g h t   may  b e  

u s e d .   T h u s ,   t h e   o r i g i n a l   a l k a l i   m e t a l   of   t h e   z e o l i t e  

may  be  r e p l a c e d   by  i on   e x c h a n g e   w i t h   o t h e r   s u i t a b l e   i o n s  

of   G r o u p s   IB  to  V I I I   of  t he   p e r i o d i e   T a b l e ,   i n c l u d i n g ,  

by  way  of   e x a m p l e ,  n i c k e l ,   c o p p e r ,   z i n c ,   p a l l a d i u m ,  
c a l c i u m   or  r a r e   e a r t h   m e t a l s .  

In  p r a c t i c i n g   t h e   d e s i r e d   c o n v e r s i o n   p r o c e s s ,  
i t   may  be  d e s i r a b l e   to  i n c o r p o r a t e   t he   above   d e s c r i b e d  

c r y s t a l l i n e   a l u m i n o s i l i c a t e   z e o l i t e   in   a n o t h e r   m a t e r i a l  

r e s i s t a n t   to  t h e   t e m p e r a t u r e   and  o t h e r   c o n d i t i o n s  

e m p l o y e d   in  t h e   p r o c e s s .   Such  m a t r i x   m a t a r i a l s   i n c l u d e  

s y n t h e t i c   or  n a t u r a l l y   o c c u r r i n g   s u b s t a n c e s   as  w e l l   a s  

i n o r g a n i c   m a t e r i a l s   s u c h   as  c l a y ,   s i l i c a   a n d / o r   m e t a l  

o x i d e s .   The  l a t t e r   may  be  e i t h e r   n a t u r a l l y   o c c u r r i n g   o r  
i n   t h e  f o r m   of  g e l a t i n o u s   p r e c i p i t a t e s   or  g e l s   i n c l u d i n g  

m i x t u r e s   of  s i l i c a   and  m e t a l   o x i d e s .   N a t u r a l l y  

o c c u r r i n g   c l a y s   w h i c h   can  be  c o m p o s i t e d   w i t h   t h e   z e o l i t e  

i n c l u d e   t h o s e   of  t h e  m o n t m o r i l l c n i t e   and  k a o l i n  

f a m i l i e s ,   w h i c h   f a m i l i e s   i n c l u d e   t h e   s u b - b e n t o n i t e s   a n d  

t he   k a o l i n s   commonly   known  as  d i x i e ,   M c N a m e e - G e o r g i a   a n d  

F l o r i d a   c l a y s   or  o t h e r s   in  w h i c h   t h e   ma in   m i n e r a l  

c o n s t i t u e n t   i s   h a l l o y s i t e ,   k a o l i n i t e ,   d i c k i t e ,   n a c r i t e  

or  a n a u x i t e .   Such  c l a y s   can  be  u s e d   in  t he   raw  s t a t e   a s  

o r i g i n a l l y   m i n e d   or  i n i t i a l l y   s u b j e c t e d   to  c a l c i n a t i o n ,  

a c i d   t r e a t m e n t   or  c h e m i c a l   m o d i f i c a t i o n .  

In  a d d i t i o n  t o   t h e   f o r e g o i n g   m a t e r i a l s ,   t h e  

z e o l i t e s   e m p l o y e d   h e r e i n   may  be  c o m p o s i t e d   w i t h   a  p o r o u s  



m a t r i x   m a t e r i a l ,   s u c h   as  a l u m i n a ,   s i l i c a - a l u m i n a ,  

s i l i c a - m a g n e s i a ,   s i l i c a - z i r c o n i a ,   s i l i c a - t h o r i a ,  

s i l i c a - b e r y l i a ,   s i l i c a - t i t a n i a   as  w e l l   as  t e r n a r y  

c o m p o s i t i o n s ,   s u c h   a s  

s i l i c a - a l u m i n a - t h o r i a , s i l i c a - a l u m i n a - z i r c o n i a ,  

s i l i c a - a l u m i n a - m a g n e s i a   and  s i l i c a - m a g n e s i a - z i r c o n i a .  

The  m a t r i x   may  be  in  t h e   fo rm  of  a  c o g e l .   The  r e l a t i v e  

p r o p o r t i o n s   of  z e o l i t e   c o m p o n e n t   and  i n o r g a n i c   o x i d e   g e l  

m a t r i x   may  v a r y   w i d e l y   w i t h   t he   z e o l i t e   c o n t e n t   r a n g i n g  
f rom  b e t w e e n   a b o u t   1  to  a b o u t   99  p e r c e n t   by  w e i g h t   a n d  

more  u s u a l l y   in  t h e   r a n g e   of  a b o u t   5  to   a b o u t   80  p e r c e n t  

by  w e i g h t   of   t h e   c o m p o s i t e .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  m o r e  

c l e a r l y   u n d e r s t o o d   some  p r e f e r r e d   e m b o d i m e n t s   of  i t   a r e  

s e t   f o r t h   by  way  of  i l l u s t r a t i o n   in  t h e   f o l l o w i n g  

E x a m p l e s .  

E x a m p l e  1   ,  

Z e o l i t e   ZSM-5  ( e c P t )   h a v i n g   a  s i l i c a   t o  

a l u m i n a   r a t i o   of   660  and  c o n t a i n i n g   0 . 2 3 x   by  w e i g h t   o f  

p l a t i n u m   was  p r e p a r e d   by  h e a t i n g   t o g e t h e r   t h e   f o l l o w i n g  

r e a g e n t s :  



The  p r o d u c t   c o n t a i n e d   0.23%  p l a t i n u m   in  ZSM-41 

of   660  s i l i c a / a l u m i n a .  

E x a m p l e  2  

Z e o l i t e   ZSM-5  ( c c P t )   h a v i n g   a  s i l i c a   t o  

a l u m i n a   r a t i o   of   1041  and  c o n t a i n i n g   0.76%  by  w e i g h t   o f  

p l a t i n u m   was  p r e p a r e d   by  h e a t i n g   t o g e t h e r   t h e   f o l l o w i n g  

r e a g e n t s :  



A f t e r   c r y s t a l l i z a t i o n   was  c o m p l e t e ,   t h e  

c r y s t a l s   were   s e p a r a t e d   by  f i l t r a t i o n ,   w a s h e d   w i t h  

w a t e r ,   d r i e d ,   b a s e   e x c h a n g e d   w i t h   ammonium  c a t i o n   a n d  

c a l c i n e d   a t   a b o u t   1 0 0 0 ° F .  

The  r e s u l t a n t   c a t a l y s t   had  a  s i l i c a / a l u m i n a   r a t i o   o f  

1041  and  c o n t a i n e d   0 . 7 6   wt.%  p l a t i n u m .  

E x a m p l e  

A  m i x t u r e   of  h y d r o c a r b o n s   was  p r e p a r e d   w h i c h  

s i m u l a t e s   c h a r g e   to  t he   i s o m e r   15  in  an  o p e r a t i o n  

c h a r g i n g   a t   l i n e   4  of  t he   d r a w i n g ,   a  f r a c t i o n   p r e p a r e d  

by  d i s t i l l a t i o n  f r o m   c a t a l y t i c   r e f o r m a t e   to  i n c l u d e  t h e  

C8  a r o m a t i c s .   The  s i m u l a t e d   c h a r g e   c o n t a i n e d   6 . 9 %  

n - n o n a n e ,   30.7%  e t h y l   b e n z e n e   and  62.4%  of  a  m i x t u r e   o f  

x y l e n e s   p o o r   in  p - x y l e n e ,   v i z .   73.3%  m - x y l e n e ,   1 7 . 8 %  

o - x y l e n e   and  8.9%  p - x y l e n e .   Tha t   m i x t u r e   was  r e a c t e d  

o v e r   t h e   c a t a l y s t   of  E x a m p l e   1.  R e a c t i o n   c o n d i t i o n s   a n d  

p r o d u c t s   of  t he   r e a c t i o n   a r e   t a b u l a t e d   in  T a b l e   V. 



Example   4 

The  same  c h a r g e   as  in   E x a m p l e   3  was  p r o c e s s e d  

o v e r   t he   c a t a l y s t   of  E x a m p l e   2,  w i t h   r e s u l t s   as  shown  i n  

T a b l e   V.  

E x a m p l e   5 

A  s i m u l a t e d   c h a r g e   was  p r e p a r e d   by  b l e n d i n g  

9.8%  e t h y l   b e n z e n e   w i t h   90.2%  of  m i x e d   x y l e n e s   h a v i n g  

t h e   c o m p o s i t i o n   s e t   ou t   in   E x a m p l e  3 .   Tha t   c h a r g e  

a p p r o x i m a t e s   t h e   i s o m e r i z e r   f e e d   i n  a   s y s u e r   s u p p l i e d  

w i t h   f r e s h   f e e d   p r e p a r e d   by  f r a c t i c n a t i o n   of  c a t a l y t i c  

r e f o r m a t e   to   sepaRATE  A  C8  a r o m a t i c s   cu t   and  s o l v e n t  

e x t r a c t i o n   to   r e j e c t   t h e   p a r a f f i n   c o n t e n t   o f  t h e  

f r a c t i o n .   R e s u l t s   a r e   shown  in  T a b l e   7  on  p r o c e s s i n g  

t h e   s i m u l a t e d   c h a r g e   o v e r   t h e   c a t a l y s t   of  E x a m p l e   2 .  





I t   w i l l   be  n o t e d   f rom  t h e   e x p e r i m e n t a l   d a t a   i n  

T a b l e   V  t h a t   r e a c t i o n s   of  e t h y l   b n z e n e   a r e   p r e d o m i n a n t l y  

by  c o n v e r s i o n   to  b e n z e n e   as  c o n t r a s t e d   w i t h  

d i s p r o p o r t i o n a t i o n   r e a c t i o n s   w h i c h   y i e l d   d i e t h y l  

b e n z e n e .   A l t h o u g h   i t   i s   known  t h a t   d i e t h y l   b e n z e n e   c a n  
be  r e a c t e d   to   c h e m i c a l   raw  m a t e r i a l s   h a v i n g   a  p r e s e n t  
m a r k e t   v a l u e   as  s u c h ,   in   p r a c t i c e   t h e   d i e t h y l   b e n z e n e   i s  

d i v e r t e d   to   f u e l   u se   in   m o t o r   g a s o l i n e   and  t h e   l i k e .  

The  p r e s e n t   p r o c e s s   y i e l d s   b e n z e n e   as  t h e   h e a v i l y  

p r e d o m i n a n t   p r o d u c t   to   t he   s i g n i f i c a n t   e c o n o m i c  

a d v a n t a g e   of   t h e   o v e r a l l   p r o c e s s .   I t   has   b e e n  

d e m o n s t r a t e d   t h a t   t h e   c o n d i t i o n s   ( c a t a l y s t ,   t e m p e r a t u r e )  

i n d u c e   d e a l k y l a t i o n   of  e t h y l   b e n z e n e   by  c h a r g i n g   e t h y l  

b e n z e n e   a l o n e .   T h e r e   a r e   i n d i c a t i o n s   t h a t   d e a l k y l a t i o n  

of   e t h y l   b e n z e n e   in   t h e   p r e s e n c e   of  x y l e n e   has   a  

f a v o r a b l e   e f f e c t   on  s e l e c t i v i t y   of   c o n v e r s i o n   of  e t h y l  

b e n z e n e   to   b e n z e n e .   The  d a t a   a r e   no t   a d e q u a t e   t o  

e s t a b l i s h   a  t r u e   " c a u s e   and  e f f e c t "   r e l a t i o n s h i p   bu t   t h e  

t r e n d   o f  d a t a   do  i n d i c a t e   t h a t   t h e   e t h y l   b e n z e n e  

c o n v e r s i o n   i s   more  s e l e c t i v e   f o r   b e n z e n e   as  p r o d u c t   w h e n  

x y l e n e s   a r e   p r e s n t ,   d e s p i t e   t h e   o b s e r v e d   l a c k   of  t h e  

u s u a l   r e l a t i o n s h i p   of  c o u p l i n g   w h e r e i n   d e g r e e   of   x y l e n e  

c o n v e r s i o n   to   o t h e r   c o m p o u n d s   ( x y l e n e   l o s s )   t e n d s   in   t h e  

same  d i r e c t i o n   as  e t h y l   b e n z e n e   c o n v e r s i o n .  

The  r e a c t i o n   i s   f o u n d   to  p r o c e e d   in   t h e  

d i r e c t i o n   i n d i c a t e d   w i t h   m e t a l   f r e e   h i g h   s i l i c a   z e o l i t e ,  

b u t   i s   l e s s   s e l e c t i v e   t h a n   when  t h e   z e o l i t e   i s  

a s s o c i a t e d   w i t h   a  m e t a l   of   Group  V I I I .   Also   s h o r t e r  

c a t a l y s t   l i f e   i s   to   be  e x p e c t e d   w i t h   m e t a l - f r e e   z e o l i t e  

c a t a l y s t ,   P a r t i c u l a r l y   p r e f e r r e d   a r e   t h e   n o b l e   m e t a l s  

of   Group  V I I I ,   n a m e l y   p l a t i n u m ,   p a l l a d i u m ,   o s m i u m ,  

i r i d i u m ,   r u t h e n i u m   and  r h o d i u m .   The  o t h e r   Group  V I I I  

m e t a l s ,   s u c h   as  n i c k e l   e x h i b i t   t h e   a d v a n t a g e s   of  t h e  

i n v e n t i o n   to   l e s s   e x t e n t ,   in  some  c a s e s   by  m i n o r  

i n c r e a s e   of  x y l e n e   l o s s   a t   c o n d i t i o n s   to  p r o m o t e  



i n c r e a s e d   e t h y l   b e n z e n e   c o n v e r s i o n ,   some  a p p a r e n t  

c o u p l i n g   of  t he   r e a c t i o n s .  

The  m e t a l   s h o u l d   be  a  m i n o r   c o m p o n e n t   of  t h e  

c a t a l y s t ,   say   0 . 0 5   to  2 .0   w e i g h t   p e r c e n t   and  i s  

p r e f e r a b l y   h i g h l y   d i s p e r s e d .   For   p u r p o s e s   of  a c h i e v i n g  

d i s p e r s i o n   of  m e t a l ,   t he   c a t a l y s t   is   p r e f e r a b l y   of  t h e  

ZSM-5(ccM)   v a r i e t y   w h e r e i n   t h e   m e t a l   i s   p r e s e n t   in  t h e  

f o r m i n g   s o l u t i o n   f rom  w h i c h   t he   z e o l i t e   is  s y n t h e s i z e d .  
When  m e t a l   i s   a p p l i e d   to  a  f u l l y   f o r m e d   z e o l i t e ,   a s  

by  i m p r e g n a t i o n   w i t h   c o n v e n t i o n a l   t e c h n i q u e s ,   c a r e   m u t  

be  e x e r c i s e d .   The  q u a n t i t y   of  m e t a l   s h o u l d   b e  

r e l a t i v e l y   low,   say   up  to  0 .2   w e i g h t   p e r c e n t .   A t  

m o d e r a t e   to  h i g h   m e t a l   c o n t e n t ,   e . g .   0 .3   to  1.0  w e i g h t  

p e r c e n t   p l a t i n u m ,   a p l i e d   by  i m p r e g n a t i o n   the   c a t a l y s t  
e x h i b i t s   t e n d e n c y   to  l o s s   of  b e n z e n e   r i n g s ,   a p p a r e n t l y  

by  h y d r o c r a c k i n g ,   p o s s i b l y   on  r e l a t i v e l y   l a r g e   c r y s t a l s  

of  m e t a l   w i t h i n   t h e   p o r e s   of  t h e   c a t a l y s t .   T h e s e  

p r o b l e m s   a r e   l a r g e l y   a l l e v i a t e d   when  t h e   m e t a l - b e a r i n g  

z e o l i t e   i s   of  t h e   ZSM-5  (ccM)  v a r i e t y   and  a l l   t he   m e t a l  
«  

c o n t e n t   i s   d e r i v e d   f rom  m e t a l   c o m p o u n d s   in  t he   s y n t h e s i s  

l i q u o r .  

E x a m p l e   6 

C a t a l y s t   c o m p r i s i n g   0 . 1 8   wt.%  p l a t i n u m   i n  

z e o l i t e   Z S M - 5 ( c e P t )   of  2000  s i l i c a / a l u m i n a   r a t i o   w a s  

p r e p a r e d   f rom  t he   r e a c t i o n   m i x t u r e :  



E x a m p l e  7  

Z e o l i t e   HZSM-5  of  1000  s i l i c a / a l u m i n a   r a t i o  

was  p r e p a r e d   f r o m   t h e   f o l l o w i n g   m i x t u r e :  

F o l l o w i n g   c o n v e r s i o n   to   t h e   h y d r o g e n   form  b y  

ammonium  b a s e   e x c h a n g e   and  c a l c i n i n g ,   p o r t i o n s   of  t h e  

z e o l i t e   were   i m p r e g n a t e d   w i t h   0 .4   w e i g h t   p e r c e n t '  



p l a t i n u m .   A  f u r t h e r   ZSM-5  c a t a l y s t   was  p r e p a r e d   b y  

i m p r e g n a t i o n   of  z e o l i t e   h a v i n g   1600  s i l i c a / a l u m i n a   r a t i o  

w i t h   4 .0   w e i g h t   p e r c e n t   n i c k e l ,   b l e n d i n g   w i t h   35  w e i g h t  

p e r c e n t   a l u m i n a   and  e x t r u s i o n .  

E x a m p l e s  8  -   11 

C a t a l y s t   p r e p a r e d   a c c o r d i n g   to  Example   6  and  7 

were   e m p l o y e d   in  p r o c e s s i n g  e t h y l   b e n z e n e   mixed   w i t h  

x y l e n e   in  w h i c h   t h e   d i s t r i b u t i o n   of  i s o m e r s   was  a s  

d e s c r i b e d   in   E x a m p l e   3.  C o n d i t i o n s   and  r e s u l t s   o b t a i n e d  

a r e   s u m m a r i z e d   in  T a b l e   V I .  





1.  A  p r o c e s s   f o r   i s o m e r i z i n g   x y l e n e s   m i x e d  

w i t h   e t h y l   b e n z e n e   by  c o n t a c t   a t   c o n v e r s i o n   c o n d i t i o n s  

w i t h   a  c a t a l y s t   c o m p r i s i n g   a  z e o l i t e   h a v i n g   a  c o n s t r a i n t  

i n d e x   of   1  to   12,  c h a r a c t e r i z e d   in  t h a t   t h e   z e o l i t e   h a s  

a  s i l i c a / a l u m i n a   r a t i o   of   a t   l e a s t   500  and  t h e  

c o n v e r s i o n   t e m p e r a t u r e   i s   a b o v e   8 0 0 ° F .  

2.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1  w h e r e i n   s a i d  

z e o l i t e   i s   Z S M - 5 .  

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  w h e r e i n   s a i d  

z e o l i t e   i s   Z S M - 5 ( c c M ) .  

4.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1  or   c l a i m   3 

w h e r e i n   s a i d   z e o l i t e   i s   Z S M - 5 ( c c P t ) .  

5 .  A   p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

w h e r e i n   s a i d   z e o l i t e   c o n s t i t u t e s   f rom  1  to  9 9 ,  

p r e f e r a b l y   5  to   80,   w e i g h t   p e r c e n t   of  a  c o m p o s i t e   w i t h   a  

b i n d e r .  

6.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

w h i c h   i s   c a r r i e d   o u t  o f   a  t e m p e r a t u r e   of  800  to   1 0 0 0 ° F .  

7.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

w h e r e i n  s a i d   z e o l i t e   h a s   a  s i l i c a / a l u m i n a   mole   r a t i o   o f  

500  to   3 0 0 0 .  
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