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©  Conversion  of  certain  hydrocarbons  using  calcined  TEA  silicate  catalyst. 

By-product  effluent  streams  from  pyrolytic  hydrocarbon 
cracking  processes,  containing  monoolefins  and  diolefins, 
are  treated  to  hydrogenate  the  olefins  and  to  aromatize  the 
aliphatics,  with  a  catalyst  essentially  comprising  a  calcined 
TEA-silicate. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  the  I n v e n t i o n  

This  i n v e n t i o n   r e l a t e s   to  the  p r e p a r a t i o n   of  s t r e a m s  

c o n t a i n i n g   r e c o v e r a b l e   b e n z e n e ,   t o l u e n e ,   and  xy l enes   ("BTX") 

from  i n i t i a l   b y - p r o d u c t   e f f l u e n t   s t r e a m s   t h a t   c o n t a i n   o t h e r   com-  

p o n e n t s ,   n o t a b l y   m o n o o l e f i n s   and  d i o l e f i n s .   In  one  a s p e c t ,   t h e  

i n v e n t i o n   c o n c e r n s   the  removal   by  c o n v e r s i o n   of  t hese   o t h e r  

components   which  o r d i n a r i l y   p r e v e n t   r e c o v e r y   by  d i s t i l l a t i o n  

or  s o l v e n t   e x t r a c t i o n   of  b e n z e n e - t o l u e n e - x y l e n e s   a r o m a t i c s   f r o m  

the  s t r e a m s .   In  a n o t h e r   a s p e c t ,   i t   c o n c e r n s   a  low  s e v e r i t y  

p r o c e s s   for  t r e a t i n g   the  b y - p r o d u c t   s t r e a m s   with  a  s p e c i f i e d  

c a t a l y s t ,   and  under   d e f i n e d   r e a c t i o n   c o n d i t i o n s ,   both  to  p r o -  

duce  b e n z e n e - t o l u e n e - x y l e n e s   from  the  i n i t i a l   s t ream  and  t o  

reduce   or  e l i m i n a t e   those   components   t h a t   o t h e r w i s e   would  i n -  

t e r f e r e   with  the  economic  r e c o v e r y   of  t h e s e   a r o m a t i c s   f rom 

the  s t r e a m s .  

2.  D e s c r i p t i o n   of  P r i o r   A r t  

The  p r e p a r a t i o n   of  l i g h t   o l e f i n s   and  d i o l e f i n s ,  

main ly   e t h y l e n e ,   p r o p y l e n e ,   and  b u t a d i e n e ,   by  the  t h e r m a l  

p y r o l y s i s ,   or  c r a c k i n g ,   of  p e t r o l e u m   f r a c t i o n s   is  wel l   known 

and  widely   p r a c t i c e d .   (See  for   example ,   Kirk  &  O t h m e r ' s  

" E n c y c l o p e d i a   of  Chemical   T e c h n o l o g y " ,   Second  E d i t i o n ,   Vol.  8 ,  

pp.  503-514 . )   In  t he se   p y r o l i t i c   c r a c k i n g  _ p r o c e s s e s ,   h y d r o -  



c a r b c n s   r a n g i n g   from  e t h a n e ,   t h r o u g h   LPG  ( l i q u e f i e d   p e t r o l e u m  

gas ,   c h i e f l y   p ropane   wi th   a  few  p e r c e n t   b u t a n e s ) ,   n a p h t h a ,  

heavy  gas  o i l ,   to  even  crude  p e t r o l e u m   o i l ,   are  s u b j e c t e d ' t o  

h igh   t e m p e r a t u r e   c o n d i t i o n s ,   at  low  p r e s s u r e   and  for   a  s h o r t  

t i m e ,   to  p roduce   a  maximum  of  the  d e s i r e d   p r o d u c t .   T h e s e  

t h e r m a l   p r o c e s s e s   vary  w i d e l y ,   and  the  y i e l d s   from  a n y  o n e  

p r o c e s s   depend  not  only  on  p r o c e s s   e q u i p m e n t  a n d   c o n d i t i o n s ,  

but   on  such  e x t r a n e o u s   f a c t o r s   as  the  p r e s e n c e   or  a b s e n c e   o f  

d i l u e n t s   and  o t h e r   r e a c t a n t s ,   e . g . ,   oxygen,   h y d r o g e n ,   s t e a m ,  

e t c .  

Even  the  b e s t   of  the  p y r o l i t i c   p r o c e s s e s   is  l e s s  

than   i d e a l l y   s e l e c t i v e .   As  a  c o n s e q u e n c e ,   the  t o t a l   r e a c t o r  

e f f l u e n t   w i l l   c o n t a i n   not   only  the  d e s i r e d   o l e f i n   or  d i o l e f i n ,  

but  a  v a r i e t y   of  o t h e r   componen t s ,   r a n g i n g   from  methane   gas  t o  

high  b o i l i n g   p o l y c y c l i c   h y d r o c a r b o n s .   These  b y - p r o d u c t s   a r e  

c o n v e n t i o n a l l y   s e p a r a t e d ,   u s u a l l y   by  d i s t i l l a t i o n   a n d / o r  

a b s o r p t i o n ,   so  as  to  c o n c e n t r a t e   the  main  d e s i r e d   p r o d u c t s   f o r  

u l t i m a t e   r e c o v e r y ,   and  to  p roduce   one  or  more  b y - p r o d u c t  

e f f l u e n t   s t r e a m s .  

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

ca rbon   t y p e s ,   i n c l u d i n g   p a r a f f i n s ,   m o n o o l e f i n s ,   d i o l e f i n s ,  

a r o m a t i c s ,   c y c l i c s ,   and  v a r i o u s   s u b s t i t u t e d   and  p o l y n u c l e a r  

a r o m a t i c s .   Unless   the  b y - p r o d u c t   e f f l u e n t   s t r e a m   or  s t r e a m s  

c o n t a i n s   a  p a r t i c u l a r l y   v a l u a b l e   or  d e s i r a b l e   c o m p o n e n t ,  

making  removal   e c o n o m i c a l ,   the  b y - p r o d u c t   e f f l u e n t   s t r e a m s   a r e  

of  only  l i m i t e d   u t i l i t y .   The  l i g h t e r   gases   are  u s e f u l   only  a s  

f u e l ,   whi le   the  h e a v i e r ,   n o r m a l l y   l i q u i d ,   componen t s   u s u a l l y  

te rmed  " d r i p o l e n e , "   if  not  h y d r o g e n a t e d   and  then  s u b j e c t e d   t o  

BTX  e x t r a c t i o n ,   are  c u s t o m a r i l y   e i t h e r   burned   l o c a l l y   as  f u e l  

or  e l s e   h y d r o g e n a t e d   to  s a t u r a t e   the  u n s t a b l e   d i o l e f i n s ,   a n d  

then  b l e n d e d   with  o t h e r   g a s o l i n e   f r a c t i o n s   as  motor   f u e l .  



I t   has  long  been  r e c o g n i z e d   t h a t   some  of  t he se   b y -  

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

t i o n s ,   c o n t a i n   p o t e n t i a l l y   v a l u a b l e   b e n z e n e ,   t o l u e n e ,   and  

x y l e n e s   ( i n c l u d i n g   e t h y l b e n z e n e ) .   U n f o r t u n a t e l y ,   they  a l s o  

c o n t a i n   d i o l e f i n s   and  m o n o o l e f i n s ,   which  e f f e c t i v e l y   i n t e r -  

f e r e   with  most  e x i s t i n g   s o l v e n t   e x t r a c t i o n   p r o c e s s e s ,   such  a s  

the  Udex  and  S u l f o l a n e   p r o c e s s e s ,   for   the  e x t r a c t i o n   of  a r o -  

m a t i c s   from  p a r a f f i n s .   Some  of  t h e s e   o l e f i n s   have  b o i l i n g  

p o i n t s   s i m i l a r   to  t hose   of  the  BTX  a r o m a t i c s ,   and  hence  c a n n o t  

be  removed  by  f r a c t i o n a l   d i s t i l l a t i o n .   S e l e c t i v e   h y d r o g e n a t i o n  

to  s a t u r a t e   the  o l e f i n s   and  d i o l e f i n s   is  p r a c t i c e d ,   and  w i d e l y  

so,  but  the  p r o c e s s   t e n d s   to  be  e x p e n s i v e .   Moreover ,   t h e  

d i o l e f i n s   in  d r i p o l e n e   tend   to  be  t h e r m a l l y   u n s t a b l e ,   f o r m i n g  

c a t a l y s t - d e a c t i v a t i n g   and  e x c h a n g e r - f o u l i n g   c a r b o n a c e o u s   d e -  

p o s i t s .  

A  v a r i e t y   of  c a t a l y s t s   has  been  p r o p o s e d   for  t r e a t -  

ing  one  or  more  of  the  b y - p r o d u c t   e f f l u e n t s   from  p y r o l i t i c  

c r a c k i n g   p r o c e s s e s   so  as  to  r e n d e r   the  s t r eams   more  v a l u a b l e  

or  more  amenable  to  s u b s e q u e n t   p r o c e s s i n g .   (A  t a b u l a t i o n   o f  

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

and  many  c a t a l y s t s   h a v i n g   c o n c e i v a b l y   u s e f u l   a c t i v i t y   f o r  

t h e s e   p r o c e s s e s ,   is  a p p e n d e d . )  

It  is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e  

a  p r o c e s s   for  p r e p a r i n g   a  s t r e a m   from  which  b e n z e n e - t o l u e n e -  

x y l e n e s   may  be  r e c o v e r e d ,   by  c a t a l y t i c a l l y   t r e a t i n g   b y - p r o d u c t  

e f f l u e n t   s t r e ams   from  p y r o l y t i c   h y d r o c a r b o n   c r a c k i n g   p r o c e s s e s .  

A  f u r t h e r   o b j e c t   is  to  p r o v i d e   a  p r o c e s s   for  t r e a t i n g   s u c h  

b y - p r o d u c t   e f f l u e n t   s t r e a m   in  a  s i m p l i f i e d ,   low  s e v e r i t y ,  

o p e r a t i o n   so  as  both  to  p roduce   b e n z e n e - t o l u e n e - x y l e n e s   (BTX), 

and,  s i m u l t a n e o u s l y ,   to  d e c r e a s e   the  c o n t e n t   of  i n t e r f e r i n g  

components .   S t i l l   a n o t h e r   o b j e c t   is  to  remove  those   m o n o l e -  



f i n s   and  d i o l e f i n s   which  have  h e r e t o f o r e   i n t e r f e r e d   wi th   t h e  

s o l v e n t   e x t r a c t i o n   of  BTX  from  d r i p o l e n e   and  the  l i k e .  

SUMMARY  OF  THE  INVENTION 

B r i e f l y ,   in  a c c o r d a n c e   wi th   the  i n v e n t i o n ,   a  s t r e a m  

from  which  b e n z e n e ,   t o l u e n e ,   and  x y l e n e s   may  be  r e c o v e r e d  

r e a d i l y   is  p r e p a r e d   by  c o n t a c t i n g   a  p y r o l i t i c   h y d r o c a r b o n  

c r a c k i n g   b y - p r o d u c t   e f f l u e n t   s t r e a m ,   c o n t a i n i n g   s u b s t a n t i a l  

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

a  T E A - s i l i c a t e   m o l e c u l a r   s i eve   c a t a l y s t   under   low  s e v e r i t y  

h y d r o c a r b o n   p r o c e s s i n g   c o n d i t i o n s .   As  a  r e s u l t   of  t h i s   t r e a t -  

ment ,   not   only   are  the  o l e f i n s   h y d r o g e n a t e d   to  n o n - i n t e r f e r i n g  

a l i p h a t i c s ,   but   a  s u b s t a n t i a l   f r a c t i o n   of  the  a l i p h a t i c s   i s  

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

One  of  the  r e m a r k a b l e   a s p e c t s   of  the  i n v e n t i o n   is  t h a t  

the  same  low  s e v e r i t y   c o n d i t i o n s   of  t e m p e r a t u r e ,   p r e s s u r e ,   and  

space   v e l o c i t y ,   which  are  s u i t a b l e   for   h y d r o g e n a t i o n   wi th   a  

T E A - s i l i c a t e   c a t a l y s t ,   are  a l so   s u i t a b l e   for   the  d e h y d r o g e n a -  

t i o n   r e a c t i o n   i n v o l v e d   in  a r o m a t i z a t i o n .   Thus,  a  s i m p l e   p r o -  

c e s s i n g   scheme,   with  only  a  s i n g l e   r e a c t o r   s t a g e ,   is  o f t e n   a d e -  

q u a t e   both   to  reduce   to  a  minimal   c o n t e n t ,   or  e l i m i n a t e   t h e  

o l e f i n i c   c o n s t i t u e n t s   t h a t   would  i n t e r f e r e   with  the  e c o n o m i c  

r e c o v e r y   of  a r o m a t i c s ,   and  to  p roduce   b e n z e n e - t o l u e n e - x y l e n e s  

from  the  feed  s t r e a m .  

A  f u r t h e r   i m p o r t a n t   a d v a n t a g e   of  the  i n v e n t i o n   r e -  

s i d e s   in  i t s   a b i l i t y   to  p r o c e s s   any  of  a  v a r i e t y   of  the  b y -  

p r o d u c t   e f f l u e n t   s t r eams   from  p y r o l i t i c   c r a c k i n g   p r o c e s s e s .  

As  se t   out   more  f u l l y   below,  t h e s e   b y - p r o d u c t   e f f l u e n t   s t r e a m s  

c u s t o m a r i l y   i n c l u d e   a  C4  f r a c t i o n   composed  p r e d o m i n a n t l y   o f  

b u t a n e s ,   b u t e n e s ,   and  b u t a d i e n e ;   a  Cs  f r a c t i o n   composed  m a i n l y  

of  p e n t a n e s ,   p e n t e n e s ,   p e n t a d i e n e s   and  c y c l i c   C  compounds;   a  

C6-C8  " d r i p o l e n e "   f r a c t i o n   c o n t a i n i n g   BTX  a r o m a t i c s   t o g e t h e r  

wi th   i n t e r f e r i n g   o l e f i n s   ( i . e . ,   hav ing   a  s i m i l a r   b o i l i n g   r a n g e ) ;  



and  a  C 9 - p l u s   f r a c t i o n ,   i n c l u d i n g   some  BTX  along  wi th   h i g h e r  

a l k y l a t e d   b e n z e n e s   and  p o l y n u c l e a r   a r o m a t i c s   and  a l i p h a t i c s .  

Each  of  t h e s e   s t r e a m s ,   p lus   o t h e r s   t h a t   may  b e  p r e s e n t   i n  a  

p a r t i c u l a r   p l a n t   may  be  p r o c e s s e d   a c c o r d i n g   to  the  i n v e n t i o n .  

The  c a l c i n e d   T E A - s i l i c a t e   c a t a l y s t   for   use  wi th   t h e  

p r e s e n t   i n v e n t i o n ,   to  be  i d e n t i f i e d   more  f u l l y   below,   is  d e s -  

c r i b e d   in  G r o s e  e t   a l .   U.S.  4 , 1 0 4 , 2 9 4 .   It  is  b e l i e v e d   to  be  

i s o s t r u c t u r a l   w i t h  z e o l i t e   ZSM-12;  see  R o s i n s k i   et  a l .   U . S .  

3 , 8 3 2 , 4 4 9 .   T E A - s i l i c a t e s   are  c r y s t a l l i n e   me ta l   o r g a n o s i l i c a t e s  

hav ing   i d e n t i f i a b l e   X-ray  d i f f r a c t i o n   c h a r a c t e r i s t i c s   and  o t h e r  

p r o p e r t i e s   t h a t   have  been  d e s c r i b e d   in  the  r e f e r e n c e   a b o v e .  

Va r ious   o t h e r   a s p e c t s   of  the  i n v e n t i o n   are  s e t   o u t  

b e l o w .  

DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

1.  P y r o l i t i c   Crack ing   P r o c e s s e s  

P y r o l i t i c   c r a c k i n g   p r o c e s s e s   for   the  p r e p a r a t i o n  

of  l i g h t   o l e f i n s   and  d i o l e f i n s   such  as  e t h y l e n e ,   p r o p y l e n e ,  

a n d / o r   b u t a d i e n e ,   have  been  d e s c r i b e d   in  the  l i t e r a t u r e ,   and  

a c c o r d i n g l y   no  d e t a i l e d   e x p o s i t i o n   is  c a l l e d   for  h e r e .  

In  e s s e n c e ,   the  t h e r m a l   p y r o l y s i s ,   or  c r a c k i n g ,   o f  

p e t r o l e u m   f r a c t i o n s   may  u t i l i z e   as  feed   s t o c k s   h y d r o c a r b o n s  

such  as  e t h a n e ,   LPG  ( l i q u e f i e d   p e t r o l e u m   gas,   c h i e f l y   p r o p a n e  

with  a  few  p e r c e n t   b u t a n e s ) ,   n a p h t h a ,   heavy  gas  o i l ,   or  c r u d e  

p e t r o l e u m   o i l .   These  are  s u b j e c t e d   to  c o n t r o l l e d   h igh  t e m -  

p e r a t u r e ,   low  p r e s s u r e ,   s h o r t   t ime ,   p y r o l i t i c   c r a c k i n g   t o  

p roduce   the  d e s i r e d   p r o d u c t   or  p r o d u c t s .   T h e r e a f t e r   t h e  

r e a c t o r   e f f l u e n t   is  s u b j e c t e d   to  a  c o m b i n a t i o n   of  c o n d e n s a t i o n ,  

f r a c t i o n a l   d i s t i l l a t i o n ,   a b s o r p t i o n ,   and  pe rhaps   o t h e r   u n i t  

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

one  or  more  d e s i r a b l e   componen t s .   The  p r e c i s e   a r r a n g e m e n t   o f  

p r o d u c t   r e c o v e r y   s t r eams   forms  no  p a r t   of  the  p r e s e n t   i n v e n t i o n ,  



and  i n d e e d   i t   is  p r o b a b l e   t h a t   no  two  p y r o l i t i c   c r a c k i n g  

p l a n t s   u t i l i z e   the  same  r e c o v e r y   s c h e m e .  

For  example ,   the  r e a c t o r   e f f l u e n t   l i q u i d   may  be  

s u b j e c t e d   to  f r a c t i o n a l   d i s t i l l a t i o n   to  s e p a r a t e   one  or  more  

f r a c t i o n s   r i c h   in  benzene   (B.P.  8 0 . 1 0 3 ° C . ) ,   t o l u e n e   ( B . P .  

1 1 0 . 6 2 3 0 C . ) ,   a n d / o r   the  x y l e n e s ,   namely  e t h y l b e n z e n e   ( B . P .  

1 3 6 . 1 8 7 ° C . ) ,   p - x y l e n e   (B.P.  1 3 8 . 3 4 8 ° C . ) ,   m - x y l e n e   (B.P.  139 .  

1 0 2 ° C . ) ,   and  o - x y l e n e   (B.P.  1 4 4 . 4 1 4 ° C . ) .   This  f r a c t i o n ,   o r  

f r a c t i o n s   is  d e s i r a b l y   s o l v e n t   e x t r a c t e d ,   as  for   example  by  

the  Udex  or  S o l f o l a n e   p r o c e s s ,   to  r e c o v e r   the  BTX  a r o m a t i c /  

a r o m a t i c s .  

In  the  absence   of  p r i o r   t r e a t m e n t ,   such  as  by  t h e  

p r o c e s s   of  the  p r e s e n t   i n v e n t i o n ,   s o l v e n t   e x t r a c t i o n   is  i n e f -  

f e c t i v e   to  e x t r a c t   the  a r o m a t i c s   from  t h e  r e m a i n i n g   a l i p h a t i c s ,  

inasmuch  as  s o l v e n t s   s e l e c t i v e   for   a r o m a t i c s   w i l l   a l so   e x t r a c t  

many  o l e f i n s   and  d i o l e f i n s .   However,  the  d i o l e f i n s   and  t h e  

a r o m a t i c s   c anno t   be  s e p a r a t e d   by  f r a c t i o n a l   d i s t i l l a t i o n ;   f o r  

example ,   benzene ,   with  a  b o i l i n g   p o i n t   of  8 0 . 1 0 3 ° C . ,   is  n o t  

e a s i l y   d i s t i l l e d   from  the  2 , 4 - h e x a d i e n e s ,   which  b o i l   at  a b o u t  

80.0°C.   S i m i l a r l y ,   the  v a r i o u s   d i m e t h y l p e n t e n e s   b o i l   w i t h i n  

a  range  of  72 .2°C.   to  8 5 . 0 ° C .  

Be  t h a t   as  i t   may,  and  howsoeve r   p roduced   or  c o n s t i -  

t u t e d ,   t h e r e   i n e v i t a b l y   w i l l   be  one  or  more  b y - p r o d u c t   e f f l u e n t  

s t r eams   which  c o n t a i n   d i v e r s e   m i x t u r e s   of  h y d r o c a r b o n   (and  

pe rhaps   n o n - h y d r o c a r b o n )   components ,   v a r y i n g   both  with  r e s p e c t  

to  b o i l i n g   p o i n t   and  chemica l   c l a s s i f i c a t i o n .   I t   is  t h i s  

d i v e r s i t y   t h a t   e i t h e r   c o m p l i c a t e s   or  p r e v e n t s   the  r e c o v e r y   o f  

u s e a b l e   c o m p o n e n t s .  

By  way  of  example,   in  an  i l l u s t r a t i v e   p y r o l i t i c  

c r a c k i n g   p l a n t ,   the  t o t a l   r e a c t o r   e f f l u e n t   may  be  s e g r e g a t e d  

in to   a  p r e d o m i n a n t l y   gaseous   f r a c t i o n   i n c l u d i n g   r e c o v e r a b l e  

e t h y l e n e   and  p r o p y l e n e ;   a  crude  C4  f r a c t i o n ,   a  d i s t i l l a t i o n  



cut   which  i n c l u d e s   h y d r o c a r b o n s   wi th   p r i m a r i l y   four   c a r b o n  

atoms  each;   a  c rude   C   f r a c t i o n ,   a n o t h e r   d i s t i l l a t i o n   c u t  

which  p r i m a r i l y   c o n t a i n s   h y d r o c a r b o n   m o l e c u l e s   wi th   f i v e  

ca rbon   atoms  each ,   and  g e n e r a l l y   c o n t a i n i n g   a  l a r g e   q u a n t i t y  

of  u n s a t u r a t e d   and  c y c l i c   compounds,   i n c l u d i n g   o l e f i n s   and  

l e s s e r   amounts  of  C4's  and  l i g h t e r   C6's   and  h e a v i e r ;   a  C6-Ca 

f r a c t i o n ,   somet imes   r e f e r r e d   to  as  p y r o l y s i s   g a s o l i n e   o r  

d r i p o l e n e ;   and  a C9  p lus   f r a c t i o n ,   a  h e a v i e r   d i s t i l l a t i o n   c u t  

which  p r i m a r i l y   i n c l u d e s   h y d r o c a r b o n s   wi th   at  l e a s t   nine  c a r b o n  

atoms,   a long  wi th   l e s s e r   amounts  of  C5-C8  h y d r o c a r b o n s .   The 

C9  f r a c t i o n   g e n e r a l l y   is  p roduced   as  the  d i s t i l l a t i o n   b o t t o m s  

from  the  p r o c e s s i n g   of  d r i p o l e n e   to  remove  p y r o l y s i s   g a s o l i n e ,  

and  c o n t a i n s   components   as  wide ly   v a r y i n g   as  s t y r e n e ,   e t h y l -  

t o l u e n e s ,   and  t r i m e t h y l b e n z e n e s ,   to  h e a v i e r   compounds  i n c l u d i n g  

e t h y l n a p h t h a l e n e ,   d i p h e n y l ,   and  d i m e t h y l n a p h t h a l e n e .  

An  i l l u s t r a t i v e   C4  f r a c t i o n ,   g i v i n g   both   the  r a n g e  

and  a  t y p i c a l   c o m p o s i t i o n ,   is  se t   out  in  Table  I  b e l o w :  







I t   w i l l   be  a p p r e c i a t e d ,   as  no ted   e a r l i e r ,   t h a t   t h e s e  

c o m p o s i t i o n s   may  vary  q u i t e   w i d e l y ,   d e p e n d i n g   upon  the  i n i t i a l  

feed  to  the  p y r o l i t i c   c r a c k i n g   u n i t ,   the  type  of  p y r o l i t i c  

c r a c k i n g   u n i t ,   c o n d i t i o n s ,   in  the  p y r o l i t i c   u n i t ,   and  the  t y p e  

and  c o n d i t i o n s   of  the  p r o d u c t   r e c o v e r y   s e c t i o n .   The  b y - p r o d u c t  

e f f l u e n t   s t r e a m s   may  l i k e w i s e   be  b l ended   wi th   each  o t h e r   w h e r e  

t h i s   is  d e s i r e d ,   or  may  i n c l u d e   r e c y c l e   components   from  e l s e -  

where  in  the  p r o d u c t   r e c o v e r y   s e c t i o n .  

2.  C a t a l y s t  

The  c a t a l y s t   used  in  the  p r e s e n t   p r o c e s s   in  commonly 

termed  c a l c i n e d   T E A - s i l i c a t e ,   a  newly  d i s c o v e r e d   c r y s t a l l i n e  

s i l i c a   polymorph  d e s c r i b e d   in  Grose  et  a l .   U.S.  4 , 1 0 4 , 2 9 4 .  

The  c l a s s   of  c r y s t a l l i n e   meta l   o r g a n o s i l i c a t e s   a r e  

s y n t h e s i z e d   from  r e a c t i o n   sys tems  e s s e n t i a l l y   f r e e   of  a l u m i n u m -  

c o n t a i n i n g   r e a g e n t s   and  are  e i t h e r   e n t i r e l y   f r ee   of  f r a m e w o r k  

A l 0 4 - t e t r a h e d r a   or  c o n t a i n   no  c r y s t a l l o g r a p h i c a l l y   s i g n i f i c a n t  

amounts  t h e r e o f .   These  c o m p o s i t i o n s ,   as  a  c l a s s ,   are  c a l l e d  

T E A - s i l i c a t e s   and  have  the  f o l l o w i n g   a s - s y n t h e s i z e d   c o m p o s i t i o n  

in  terms  of  moles  of  o x i d e s :  

whe re in   R  r e p r e s e n t s   t h e  t e t r a e t h y l a m m o n i u m   c a t i o n ,   M  r e p r e s e n t s  

an  a l k a l i   meta l   c a t i o n ,   and  x  has  a  va lue   of  from  0  to  15  d e -  

pend ing   upon  the  degree   of  h y d r a t i o n   of  the  c o m p o s i t i o n .   TEA- 

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

powder  d i f f r a c t i o n   p a t t e r n   shows  the  f o l l o w i n g   s i g n i f i c a n t  

l i n e s :  



These  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  the  K - a l p h a   d o u b l e t   of  copper ,   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   wi th   a  s t r i p - c h a r t   pen  r e c o r d e r   was 

used .   The  peak  h e i g h t s   "I"  and  the  p o s i t i o n s   as  a  f u n c t i o n   o f  

2  t imes   t h e t a ,   where  t h e t a   is  the  Bragg  a n g l e ,   were  read  f r o m  

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

100  I / I o ,   where  Io  is  the  i n t e n s i t y   of  the  s t r o n g e s t   l i n e   o r  

peak  and  d  ( o b s . ) ,   the  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  the  r e c o r d e d   l i n e s ,   were  c a l c u l a t e d .   In  Table  IV  the  r e l a -  

t i v e   i n t e n s i t i e s   are  g iven   in  terms  of  the  symbols  S = s t r o n g ,  

M=medium,  W=weak  and  VS=very  s t r o n g .   I t   shou ld   be  u n d e r s t o o d  

t h a t   t h i s   X-ray  d i f f r a c t i o n   p a t t e r n   is  c h a r a c t e r i s t i c   of  a l l  

the  forms  of  T E A - s i l i c a t e .  

The  c r y s t a l l i n e   me ta l   o r g a n o s i l i c a t e s   can  be  s u i t -  

ably  s y n t h e s i z e d   by  p r e p a r i n g   a  r e a c t i o n   system  which  in  t e r m s  

of  moles  of  ox ides   has  a  c o m p o s i t i o n   w i t h i n   the  r a n g e :  

where in   R  r e p r e s e n t s   the  t e t r a e t h y l a m m o n i u m   c a t i o n   and  M  r e -  

p r e s e n t s   an  a l k a l i   me ta l   c a t i o n ,   p r e f e r a b l y   sodium,  p o t a s s i u m  

or  l i t h i u m ,   sa id   r e a c t i o n   m i x t u r e   having   a  pH  of  g r e a t e r   t h a n  

12.  The  r e a c t i o n   m i x t u r e   is  p r e f e r a b l y   formed  from  t h e  

h y d r o x i d e   of  the  a l k a l i   me ta l   employed  and  the  t e t r a e t h y l -  

ammonium  c a t i o n   can  be  p r o v i d e d   from  an  a p p r o p r i a t e   s a l t   o r  

base  t h e r e o f   such  as  t e t r a e t h y l a m m o n i u m   bromide  and  t e t r a -  

e thylammonium  h y d r o x i d e .   Any  r e a c t i v e   source   of  Si02  such  a s  

s i l i c a   s o l s ,   g e l s ,   s o l i d   amorphous  s i l i c a s   or  a l k a l i   m e t a l  

s i l i c a t e s   can  be  u t i l i z e d   in  the  same  manner  as  Si02  is  c o n -  



v e n t i o n a l l y   s u p p l i e d   to  r e a c t i o n   m i x t u r e s   i n .  t he   p r e p a r a t i o n   o f  

s y n t h e t i c   z e o l i t e s .   The  r e a c t i o n   sys tem  is  m a i n t a i n e d   at  a  

t e m p e r a t u r e   w i t h i n   the  range   of  125°  to  150°C.  u n t i l   c r y s t a l s  

of  T E A - s i l i c a t e   are  formed,   u s u a l l y   a  p e r i o d   of  from  about   70 

to  250  h o u r s .   T h e r e a f t e r   the   c r y s t a l s   are  s e p a r a t e d   from  t h e  

mother   l i q u o r   and  r e c o v e r e d   by  f i l t r a t i o n   or  o t h e r   c o n v e n t i o n a l  

means.  A f t e r   washing   wi th   w a t e r ,   the  T E A - s i l i c a t e   c r y s t a l s  

are  d r i e d   e i t h e r   i n  v a c u u m   or  an  i n e r t   a t m o s p h e r e   such  as  a i r  

at  m o d e r a t e   t e m p e r a t u e r s ,   about   1 0 0 ° - 1 1 0 ° C .  

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

s u b s t a n t i a l l y   f r ee   of  a l u m i n a ,   but  may  c o n t a i n   very  m i n o r  

amounts  t h e r e o f   due  to  the  p r e s e n c e   of  a lumina   as  an  i m p u r i t y  

in  the  r e a c t a n t s   employed,   p r i n c i p a l l y   the  s i l i c a   s o u r c e .  -  

A c c o r d i n g l y ,   the  molar   r a t i o   of  a lumina   t o " s i l i c a   w i l l   be  i n  

the  range  of  zero  to  l e s s   than  0 . 0 0 5 .  

N e i t h e r   the  t e t r a e t h y l a m m o n i u m   nor  the  a l k a l i   m e t a l  

c a t i o n s   of  the  T E A - s i l i c a t e s   can  be  removed  by  i o n - e x c h a n g e  

t e c h n i q u e s .   The  o r g a n i c   c a t i o n s ,   however ,   can  be  d e c o m p o s e d  

t h e r m a l l y   by  c a l c i n a t i o n   at  t e m p e r a t u r e s   of  400°C.  or  h i g h e r  

in  an  o x i d i z i n g   or  i n e r t   a t m o s p h e r e   such  as  a i r   or  n i t r o g e n ,  

r e s p e c t i v e l y .   Thermal  d e c o m p o s i t i o n   of  the  o r g a n i c   c a t i o n s  

does  not  a f f e c t   the  e s s e n t i a l   c r y s t a l l i n e   s t r u c t u r e   of  the  compo-  

s i t i o n   and  the  X-ray  powder  d i f f r a c t i o n   p a t t e r n   is  e s s e n t i a l l y  

u n a l t e r e d .  

C a l c i n a t i o n   to  t h e r m a l l y   decompose  the  TEA  c a t i o n s  

p roduces   an  a p p a r e n t   pore  d i a m e t e r   of  g r e a t e r   than  6.2  A n g s t r o m s .  

T h e r e a f t e r ,   the  c a l c i n e d   T E A - s i l i c a t e   is  d e s i r a b l y   washed  t o  

remove  any  m e t a l s   or  t r a c e   c o n t a m i n a n t s .  

When  used  in  the  p r e s e n t   p r o c e s s ,   c a l c i n e d   T E A - s i l i c a t e  

may  be  employed  e i t h e r   a lone   or  in  i n t i m a t e   a d m i x t u r e   wi th   i n -  

d e p e n d e n t l y   a c t i v e   c a t a l y t i c   componen t s ,   as  for  example  t h e  

noble  m e t a l s   such  as  p l a t i n u m ,   or  o t h e r   c a t a l y t i c a l l y   a c t i v e  



m e t a l s   such  as  molybdenum,  vanad ium,   z i n c ,   e t c .   The  t e c h n i q u e s  

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

z e o l i t e   are  d i s c l o s e d   in  the  l i t e r a t u r e ,   and  p r e e x i s t i n g   m e t a l  

i n c o r p o r a t i o n   t e c h n i q u e s   are  s u i t a b l e .   See,  for   example ,   Rabo 

et  a l .   U.S.  3 , 2 3 6 , 7 6 1   and  U.S.  3 , 2 3 6 , 7 6 2 .  

The  p h y s i c a l   form  of  the  c a l c i n e d   T E A - s i l i c a t e  

c a t a l y s t   depends  on  the  type  of  c a t a l y t i c   r e a c t o r   be ing   em- 

p l o y e d .   C a l c i n e d   T E A - s i l i c a t e   by  i t s e l f   is  a  f i n e - g r a i n  

g r a n u l e   or  p o w d e r ,  a n d   is  d e s i r a b l y   compacted   i n t o   a  more  

r e a d i l y   u s a b l e   form  ( e . g . ,   l a r g e r   a g g l o m e r a t e s ) ,   u s u a l l y   w i t h  

a  s i l i c a   or  a lumina   b i n d e r   for   f l u i d i z e d   bed  r e a c t i o n ,   or  p i l l s ,  

p r i l l s ,   s p h e r e s ,   e x t r u d a t e s ,   or  o t h e r   shapes   of  c o n t r o l l e d   s i z e  

to  a c c o r d   a d e q u a t e   c a t a l y s t - r e a c t a n t   c o n t a c t .   As  i n d i c a t e d ,   t h e  

c a t a l y s t   may  be  employed  e i t h e r   as  a  f l u i d i z e d   c a t a l y s t ,   or  i n  

a  f i x e d   or  moving  bed,  and  in  one  or  more  r e a c t i o n   s t a g e s .  

3.  C o n v e r s i o n   P a r a m e t e r s  

An  u n u s u a l ,   i f   not   u n i q u e ,   f e a t u r e   of  the  p r e s e n t  

i n v e n t i o n   is  t h a t   the  r e a c t i o n   c o n d i t i o n s   are  low  s e v e r i t y   a s  

compared  with  many  p r e e x i s t i n g   p r o c e s s e s .   I ndeed ,   the  c o n v e r -  

s ion   p a r a m e t e r s ,   whi le   b r o a d ,   may  be  s e l e c t e d   to  p r o v i d e   a  h i g h  

deg ree   of  v e r s a t i l i t y ,   d e p e n d i n g   upon  the  feed  c o m p o s i t i o n   a n d  

on  the  d e s i r e d   p r o d u c t   q u a l i t y .  

With  r e s p e c t   to  t e m p e r a t u r e ,   a  t e m p e r a t u r e   w i t h i n   t h e  

range  of  about   3 0 0 - 7 0 0 ° C . ,   more  p r e f e r a b l y   w i t h i n   the  range  o f  

about   3 5 0 - 6 0 0 ° C . ,   is  a d e q u a t e   for  many,  if   n o t  a l l ,   c o n v e r s i o n s .  

Higher   t e m p e r a t u r e s   give  more  r a p i d   and  more  comple t e   r e a c t i o n ,  

but  tend  to  p roduce   u n d e s i r a b l e   b y - p r o d u c t s ,   c h i e f l y   coke,  and  

may  o t h e r w i s e   d i s t u r b   the  optimum  b a l a n c e   of  p r o d u c t   c o m p o s i t i o n  

with  o n - s t r e a m   ease  of  o p e r a t i o n .  

The  p r e s s u r e ,   a l m o s t   u n i q u e l y ,   is  d e s i r a b l y   q u i t e  

low.  A tmosphe r i c   p r e s s u r e   o p e r a t i o n   has  been  used  s u c c e s s f u l l y  



in  the  l a b o r a t o r y ,   but   under   s p e c i f i c   c o n d i t i o n s   may  be  as  h i g h  

as  100  a t m o s p h e r e s   or  more.   A  d e s i r a b l e   r a n g e - i s   from  a t m o s -  

p h e r i c   p r e s s u r e   to  about   7  a t m o s p h e r e s .   High  p r e s s u r e s   f a c i -  

l i t a t e   h y d r o g e n a t i o n ;   lower  p r e s s u r e s   f a c i l i t a t e   d e h y d r o c y c l i -  

z a t i o n .   The  optimum  p r e s s u r e   w i l l   t h e r e f o r e   depend  on  p r o c e s s  

e c o n o m i c s ,   c o n s i d e r i n g   whe the r   i t   is  more  d e s i r a b l e   to  h y d r o -  

g e n a t e   o l e f i n s   than  to  p roduce   a  high  y i e l d   of  BTX  a r o m a t i c s .  

P r o c e s s   s t r e a m   flow  r a t e ,   as  e x p r e s s e d   in  u n i t s   o f  

we igh t   h o u r l y   space   v e l o c i t y   (WHSV),  or  w e i g h t   of  h y d r o c a r b o n  

feed  per  u n i t   we igh t   of  c a t a l y s t ,   is  s u i t a b l y   w i t h i n   the  r a n g e  

of  about   0.1  to  abou t   20,  more  d e s i r a b l y   about   0 . 5 - 5 . 0 .   H igh  

WHSV's  p e r m i t   more  economic  p l a n t   c o n s t r u c t i o n ,   wh i l e   l o w e r  

WHSV's  p e r m i t   more  comple t e   r e a c t i o n   at   g iven   t e m p e r a t u r e -  

p r e s s u r e   c o n d i t i o n s .  

If  d e s i r e d ,   a  gaseous   or  g a s i f i a b l e   d i l u e n t   may  be  

i n t r o d u c e d   a long  wi th   the  h y d r o c a r b o n   feed  to  the  s i l i c a l i t e  

c a t a l y s t .   This  d i l u e n t   may  be  i n e r t ,   t y p i f i e d   by  s team,   n i t r o -  

gen  or  a  low  b o i l i n g   p a r a f f i n ,   or  may  be  r e a c t i v e   with  the  f e e d  

under  c a t a l y s i s   c o n d i t i o n s   ( e . g . ,   h y d r o g e n ) .   Hydrogen  is  p a r t i -  

c u l a r l y   d e s i r a b l e   as  i t   m i n i m i z e s   coke  f o r m a t i o n   and  d e p o s i t i o n  

on  the  c a t a l y s t ,   wi th   r e s u l t i n g   p r e m a t u r e   d e a c t i v a t i o n ,   a n d  

a l so   f a c i l i t a t e s   h y d r o g e n a t i o n .   As  d e m o n s t r a t e d   below,   h o w e v e r ,  

the  t e c h n i q u e   of  the  p r e s e n t   i n v e n t i o n   need  not   u t i l i z e   h y d r o g e n .  

If  e i t h e r   an  i n e r t   or  a  r e a c t i v e   gas  is  e m p l o y e d ,  

d i l u e n t / h y d r o c a r b o n   molar   (gas  volume)  r a t i o s ,   o p t i m a l l y ,   o f  

from  0.1  to  about   10  may  be  e m p l o y e d .  

It   is  u s u a l l y   n e c e s s a r y   t h a t   the  c a t a l y s t   be  r e g e n -  

e r a t e d ,   e i t h e r   p e r i o d i c a l l y   or  c o n t i n u o u s l y ,   to  remove  t h e  

c a r b o n a c e o u s   c o k e - l i k e   d e p o s i t s   from  the  c a t a l y s t .   In  a  

f l u i d i z e d   bed  o p e r a t i o n ,   a  p o r t i o n   of  the  c a t a l y s t   is  c o n t i n -  

uous ly   wi thdrawn  from  the  r e a c t o r   and  then  s u b j e c t e d   to  r e g e n -  



e r a t i o n   by  c o m b u s t i o n   with  a i r   or  o t h e r   oxygen  c o n t a i n i n g   g a s ,  

a f t e r   which  i t   is  c o n t i n u o u s l y   r e c y c l e d   to  the  r e a c t o r .   I n  a  

moving  bed  o p e r a t i o n ,   the  removal   of  c a t a l y s t   f o l l o w e d   by 

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

In  a  f i xed   bed  o p e r a t i o n ,   i t   is  g e n e r a l l y   d e s i r a b l e   t h a t   two  o r  

more  r e a c t o r s   be  used  in  p a r a l l e l ,   so  t h a t   when  one  is  p r o c e s s i n g  

the  h y d r o c a r b o n   f eed ,   the  o t h e r   is  out  of  s e r v i c e   and  b e i n g  

r e g e n e r a t e d .   R e g e n e r a t i o n   c o n d i t i o n s   of  a p p r o x i m a t e l y   4 5 0 - 6 5 0 ° C ,  

p r e f e r a b l y   500-600°C.   may  be  e m p l o y e d .  

4.  Example  I  

A  s p e c i f i c   example  for   the  c o n v e r s i o n   of  a  C 9 - p l u s  

feed  is  p r e s e n t e d   below.   From  the  d a t a ,   i t   is  a p p a r e n t   t h a t  

o l e f i n s   and  d i o l e f i n s   are  c o n v e r t e d   by  h y d r o g e n a t i o n ;   t h a t  

a c y c l i c   and  c y c l i c   n o n a r o m a t i c   components   are  d e h y d r o c y c l i z e d  

to  a r o m a t i c   compounds;   t h a t   C9  p lus   a l ky lbenzenes ,   indane,  i n d e n e ,  

and  m e t h y l s t y r e n e s   are  c o n v e r t e d   in  s u b s t a n t i a l   p a r t   to  the  m o r e  

d e s i r a b l e   C6-Ca  a r o m a t i c s ;   and  t h a t ,   a p p a r e n t l y ,   h i g h e r   a l k y l n a p h -  

t h a l e n e s   are  c o n v e r t e d   by  h y d r o g e n o l y s i s   to  r e c o v e r a b l e   n a p h t h a -  

lene  and  methy l   n a p h t h a l e n e s .   A d d i t i o n a l l y ,   i t   is  l i k e l y   t h a t  

the  o r g a n i c   s u l f u r   and  n i t r o g e n   c o n t e n t s   are  l o w e r e d .  

In  the  example  h e r e i n ,   a  C9  p lus   b y - p r o d u c t   h y d r o -  

carbon  e f f l u e n t   from  the  t h e r m a l   p y r o l y s i s   u n i t   was  r e a c t e d  

over  37g  of  1/16  inch  e x t r u d a t e s   of  T E A - s i l i c a t e   with  a  15% 

alumina  b i n d e r .   The  r e a c t i o n   v e s s e l   was  a  3/4  inch  OD  s t a i n -  

l e s s   s t e e l   t u b u l a r   r e a c t o r .  

The  r e a c t i o n   p r e s s u r e   was  ambien t ;   the  r e a c t i o n  

t e m p e r a t u r e   was  a p p r o x i m a t e l y   450°C.;   and  the  space  v e l o c i t y  

of  the  feed  v a r i e d   from  0 . 7 - 0 . 8   g  f e e d / g   c a t a l y s t / h r .   The 

molar  r a t i o   of  S iO2- to -Al2O3  in  the  c a t a l y s t   was  3 7 7 : 1 .  

Samples  of  the  l i q u i d   p r o d u c t s ,   t r a p p e d   in  an  i c e  

water   c o n d e n s e r ,   were  taken   a f t e r   one  hour  and  a f t e r   six  h o u r s  

on  s t ream.   Five  gas  p r o d u c t   samples   were  taken  p e r i o d i c a l l y .  



The  feed   had  the  f o l l o w i n g   a n a l y s i s :  

A n a l y s i s   of  Cg-P lus   H y d r o c a r b o n   F e e d  

The  gas  samples   were  a n a l y z e d   on  a  Hewle t t   P a c k a r d  

5830A  gas  c h r o m a t o g r a p h   e q u i p p e d   wi th   a  t h e r m a l   c o n d u c t i v i t y  

d e t e c t o r .   A  f o r t y   foo t   s t a i n l e s s   s t e e l   column  wi th   an  OD  o f  

1/8  inch  packed   with  20%  t r i b u t y l p h o s p h a t e   on  35/80  mesh  

Chromasorb   P  ( a c i d  w a s h e d )   was  used .   The  t h e r m a l   c o n d u c -  

t i v i t y   d e t e c t o r   t e m p e r a t u r e   was  se t   at  250°C. ,   and  the  c o l u m n  

t e m p e r a t u r e   was  ambient   ( a p p r o x i m a t e l y   2 0 - 2 2 ° C . ) .   Gas  s a m p l e s  

were  i n j e c t e d   i n t o   the  column  o f f - l i n e ,   t h r o u g h   an  e i g h t   p o r t  

gas  s w i t c h i n g   v a l v e ,   v ia   a  gas  s y r i n g e .   The  sample  gas  v o l u m e  

was  a p p r o x i m a t e l y   0 .3cc ;   the  c a r r i e r   gas  r a t e   was  30cc /min   o f  

h e l i u m .  

L i q u i d   samples   for  both   p r o d u c t   and  feed  w e r e  

a n a l y z e d   on  a  Hewle t t   Packa rd   5730A  gas  c h r o m a t o g r a p h ,   u s i n g  

a  5705A  t h e r m a l   c o n d u c t i v i t y   d e t e c t o r .   A  ten  foo t   s t a i n l e s s  

s t e e l   column  with  an  OD  of  1/8  i nch ,   packed   wi th   15%  C a r b o w a x  

20M  on  40/60  mesh  Chromasorb  P  ( a c i d   w a s h e d ) ,   was  used.   The 



d e t e c t o r   t e m p e r a t u r e   was  s e t   at  250°C.  The  column  was  m a i n -  

t a i n e d   in  an  oven,   wi th   a  t e m p e r a t u r e   programmed  from  5 5 ° C .  

to  190°C.  at  4 ° C . / m i n ;   the  i n j e c t o r   t e m p e r a t u r e   was  2 5 0 ° C .  

A  sample  s i z e   of  a p p r o x i m a t e l y   2 ml..  was  used ,   and  the  h e l i u m  

c a r r i e r   gas  r a t e   was  3 0 c c / m i n .  

The  f o l l o w i n g   y i e l d s   were  d e t e r m i n e d :  

P r o d u c t   A n a l y s e s   From  C o n v e r s i o n  
of  C9+  H y d r o c a r b o n s   Using  T E A - S i l i c a t e  

E x a m p l e  I I  

A  crude  b u t a d i e n e   b y - p r o d u c t   h y d r o c a r b o n   from  an  o l e -  

f i n s   p r o d u c t i o n   u n i t   was  r e a c t e d   over  0.25  g  of  powdered  c a t a l y s t  

( T E A - s i l i c a t e )   in  a  t h e r m a l   c h r o m a t o g r a p h   m i c r o r e a c t o r   at  450°C.  

Crude  b u t a d i e n e   flow  r a t e   was  5  cc /min   at  ambien t   p r e s s u r e .   The 

molar   r a t i o   of  S i 0 2 - t o - A 1 2 0 3  i n   the  c a t a l y s t   was  377:1 .   The 

r e a c t i o n   p r o d u c t s   were  c o l l e c t e d   in  a  l i q u i d   n i t r o g e n   t r ap   and  

then  were  a l lowed   to  purge  i n t o   a  gas  c h r o m a t o g r a p h   OV-101  co lumn 

with   a  he l ium  c a r r i e r   gas .   Ana lyses   were  run  on  both  a  f l a m e  

d e t e c t o r   and  a  t h e r m a l   c o n d u c t i v i t y   d e t e c t o r .  



Example  I I I  

The  e x t r u d a t e   c a t a l y s t   used  in  Example  I  was  t e s t e d  

in  the  m i c r o r e a c t o r   for   the  c o n v e r s i o n   of  c rude   b u t a d i e n e   b y -  

p r o d u c t .   All   c o n d i t i o n s   and  the  amount  of  c a t a l y s t   were  t h e  

same  as  in  Example  I I .  

A n a l y s e s   of  the  c rude   b u t a d i e n e   feed   in  Examples  I I  

and  I I I ,   and  of  the  p r o d u c t s   from  the  r e a c t i o n s   are  shown  b e l o w :  

A n a l y s i s   of  Crude  B u t a d i e n e   F e e d  

P r o d u c t   Ana lyses   From  C o n v e r s i o n   of  C r u d e  
B u t a d i e n e   Using  T E A - S i l i c a t e   C a t a l y s t  



Thus  i t   is  a p p a r e n t   t h a t   t h e r e   has  been  p r o v i d e d ,  

a c c o r d i n g   to  the  i n v e n t i o n ,   a  p r o c e s s   t h a t   is  u n i q u e l y   e f f e c -  

t i v e   in  t r e a t i n g   b y - p r o d u c t   e f f l u e n t   s t r e a m s   from  p y r o l y t i c  

c r a c k i n g   p r o c e s s e s .  

R e f e r e n c e s  



1.  A  low  s e v e r i t y   p r o c e s s   for   the  p r e p a r a t i o n   of  a  

b e n z e n e - t o l u e n e - x y l e n e s   e n r i c h e d   s t r e a m   c o n t a i n i n g   m i n i m a l  

m o n o o l e f i n   and  d i o l e f i n   c o n t e n t ,   from  a  f eed   s t r e a m   c o m p r i s i n g  

a  b y - p r o d u c t   e f f l u e n t   of  a  p r o c e s s   for   the  p y r o l i t i c   c r a c k i n g  

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

b y - p r o d u c t   e f f l u e n t   s t r e a m   c o n t a i n i n g   o l e f i n s   and  d i o l e f i n s ,  

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

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

w i t h i n   the  range   of  abou t   3 0 0 - 7 0 0 ° C . ,   a  p r e s s u r e   w i t h i n   t h e  

range  of  about   0  to  100  a t m o s p h e r e s ,   and  a  w e i g h t   h o u r l y   s p a c e  

v e l o c i t y   w i t h i n   the  r ange   of  about   0.1  to  abou t   20,  wi th   a  

c a t a l y s t   e s s e n t i a l l y   c o m p r i s i n g   a  c a l c i n e d   T E A - s i l i c a t e .  

2.  P r o c e s s   of  c la im  1  whe re in   s a i d   c o n d i t i o n s   i n -  

c lude   a  t e m p e r a t u r e   w i t h i n   the  range  of  abou t   3 5 0 - 6 0 0 ° C . ,   a  

p r e s s u r e   w i t h i n   the  range   of  about   1-7  a t m o s p h e r e s ,   and  a 

we igh t   h o u r l y   space   v e l o c i t y   w i t h i n   the  r ange   of  about   0 . 5 - 5 . 0 .  

3.  P r o c e s s   of  c la im  1  whe re in   s a i d   b y - p r o d u c t   e f f l u e n t  

c o m p r i s e s   a  C4  s t r e a m .  

4.  P r o c e s s   of  c la im  1  whe re in   s a i d   b y - p r o d u c t   e f f l u e n t  

c o m p r i s e s   a  C5  s t r e a m .  

5.  P r o c e s s   of  c la im  1  where in   s a i d   b y - p r o d u c t   e f f l u e n t  

c o m p r i s e s   a  whole  or  f r a c t i o n a t e d   d r i p o l e n e   s t r e a m .  

6.  P r o c e s s   of  c la im  1  where in   s a i d   feed  s t r e a m   i s  

admixed  wi th   a  d i l u e n t .  

7.  P r o c e s s   of  c la im  6  where in   s a i d   d i l u e n t   i s  

s t e a m .  

8.  P r o c e s s   of  c la im  6  where in   s a i d   d i l u e n t   i s  

h y d r o g e n .  

9.  P r o c e s s   of  c la im  6  where in   s a i d   d i l u e n t   is  a  

low  b o i l i n g   p a r a f f i n .  

10.  P r o c e s s   of  c la im  6  whe re in   s a id   d i l u e n t   is  a  

m i x t u r e   of  a  low  b o i l i n g   p a r a f f i n ,   hydrogen   a n d / o r   s t e a m .  
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