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©  Fluidized  catalytic  cracking  process. 
  A  fluidized  catalytic  process  preferably  cracking  of  heavy 
oils,  operating  with  equilibrium  fluidized  catalyst  is  operated 
with  an  entrainable  catalyst  which  is  removed  by  reactor 
effluent  vapours.  Preferred  is  addition  of  entrainable  catalyst 
containing  10  to  40  weight  %  of  ZSM-5  and  having  an 
average  particle  size  of  4  to  10  microns.  The  entrainable 
catalyst  is  removed  from  the  FCC  reactor  with  reactor 
effluent,  and  preferably  recycled  to  the  reactor. 





T h i s   i n v e n t i o n   r e l a t e s   to   an  i m p r o v e m e n t   in  h y d r o -  

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

w i t h   a  h y d r o c a r b o n   f e e d s t o c k   in   a  f l u i d i z e d   bed  r e a c t o r .  

The  f l u i d i z e d   c a t a l y t i c   c r a c k i n g   p r o c e s s   i s   w e l l  

known.   C r a c k e d   h y d r o c a r b o n   v a p o u r s   f rom  t h e   r e a c t o r   p a s s   t o  

v a r i o u s   p r o d u c t   f r a c t i o n a t o r s   w h e r e i n   t h e   h y d r o c a r b o n   m i x t u r e  

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

c a r r i e d   a l o n g   w i t h   t h e   h y d r o c a r b o n   v a p o u r s   i n t o   t h e   f r a c t i o n - '  

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

w i t h   t h e   h e a v i e s t   h y d r o c a r b o n   f r a c t i o n   c o n t a i n e d   in   t h e  

r e a c t o r   e f f l u e n t .  

I t   i s   known  to  s i m p l y   r e c y c l e   t h i s   h e a v y   o i l ,  

commonly   c a l l e d   a  s l u r r y   o i l ,   b a c k   to   t h e   r e a c t o r   to   r e d u c e  

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

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

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

p r o d u c e d   i t   in  t h e   FCC  r e a c t o r .   R e c y c l i n g   of  s l u r r y   o i l   t o  

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

grow  in  s i z e   b e c a u s e   t h e   h i g h l y   a r o m a t i c   s l u r r y   o i l   p a s s e s  

t h r o u g h   t h e   FCC  r e a c t o r   u n s c a t h e d ,   and  t e n d s   to  a c c u m u l a t e .  

The  s e p a r a t i o n   and  r e c y c l e   of  c a t a l y s t   f i n e s   f r o m  

s l u r r y   o i l   i s   by  now  a  s t a n d a r d   t e c h n i q u e ,   as  d e s c r i b e d   i n  

U S - A - 3 , 3 3 8 , 8 2 1 ;   4 , 0 2 2 , 6 7 5 ;   4 , 2 8 5 , 8 0 5 ;   and  4 , 3 4 5 , 9 9 1 .   A l l   o f  

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

t h e   FCC  r e a c t o r ,   and  r e c y c l e   of  t h e   f i n e s   to   t h e   r e a c t o r   t o  

m i n i m i z e   c a t a l y s t   l o s s .  

I t   i s   known  t h a t   t h e   s l u r r y   o i l s   can  be  c l e a n e d   b y  

p a s s i n g   t h e s e   o i l s   t h r o u g h   an  e l e c t r o f i l t e r ,   as  d i s c l o s e d   i n  

U S - A - 3 , 9 2 8 , 1 5 8 .  

U S - A - 4 , 0 5 9 , 4 9 8   t e a c h e s   an  i m p r o v e d   d e v i c e   in  w h i c h  

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

f i l t e r   b e d .   An  o u t e r   v e r t i c a l   p e r f o r a t e d   c y l i n d r i c a l  



e l e c t r o d e   i s   c o n c e n t r i c   w i t h   t h e   c e n t r a l   e l e c t r o d e .   R a d i a l  

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

c o m p a r e d   t o   l o n g i t u d i n a l   f l o w .  

I m p r o v e m e n t s   in   p r o c e s s   e f f i c i e n c y   h a v e   b e e n   m a d e  

a v a i l a b l e   t o   FCC  o p e r a t o r s   by  t h e   d e v e l o p m e n t   of   z e o l i t e s  

c h a r a c t e r i s e d   by  a  C o n s t r a i n t   I n d e x   in  t h e   r a n g e   1  t o   12  ( t h e  

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

f o r t h   in   o u r   GB  1 , 4 4 6 , 5 2 2 ) .   The  t e r m   " z e o l i t e "   as  h e r e   u s e d  

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

c r y s t a l l i n e   s i l i c a t e s   t h a t   c o n t a i n   s i l i c o n   and  o x y g e n   a t o m s .  

as  t h e   m a j o r   c o m p o n e n t s .   O t h e r   c o m p o n e n t s   may  be  p r e s e n t   i n  

m i n o r   a m o u n t s ,   u s u a l l y   l e s s   t h a n   14  mole   %  and  p r e f e r a b l y  

l e s s   t h a n   4  mo le   %.  T h e s e   c o m p o n e n t s   i n c l u d e   a l u m i n i u m ,  

g a l l i u m ,   i r o n ,   c h r o m i u m ,   b o r o n   and  t h e   l i k e   w i t h   a l u m i n i u m  

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

m i x t u r e s .  

C o n s t r a i n t   I n d e x   (CI)  v a l u e s   f o r   some  t y p i c a l  

m a t e r i a l s   a r e :  



A  c r y s t a l l i n e   z e o l i t e   when  i d e n t i f i e d   by  a n y  

c o m b i n a t i o n   of  c o n d i t i o n s   w i t h i n   t h e   t e s t i n g   d e f i n i t i o n   s e t  

f o r t h   in  t h e   a f o r e s a i d   GB  1 , 4 4 6 , 5 2 2   as  h a v i n g   a  C o n s t r a i n t  

I n d e x   in  t h e   a p p r o x i m a t e   r a n g e   of  1  to   12  i s   i n t e n d e d   to  b e  

i n c l u d e d   in  t h e   i n s t a n t   z e o l i t e   d e f i n i t i o n   w h e t h e r   or  n o t   t h e  

i d e n t i c a l   z e o l i t e ,   when  t e s t e d   u n d e r   o t h e r   of  t h e   d e f i n e d  

c o n d i t i o n s ,   may  g i v e   a  C o n s t r a i n t   I n d e x   v a l u e   o u t s i d e   of  t h e  

a p p r o x i m a t e   r a n g e   of  1  to  1 2 .  

The  n o v e l   c l a s s   of  z e o l i t e s   d e f i n e d   h e r e i n   i s  

e x e m p l i f i e d   by  ZSM-5,  ZSM-11,   Z S M - 5 / Z S M - 1 1   i n t e r m e d i a t e ,   ZSM- 

12,   ZSM-23,   ZSM-35,   ZSM-38  and  ZSM-48,   d e f i n e d   r e s p e c t i v e l y  

by  t h e   x - r a y   d a t a   s e t   f o r t h   in  U A - A - 3 , 7 0 2 , 8 8 6 ;   3 , 7 0 9 , 9 7 9 ;  

4 , 2 2 9 , 4 2 4 ;   3 , 8 3 2 , 4 4 9 ;   4 , 0 7 6 , 8 4 2 ;   4 , 0 1 6 , 2 4 5 ;   4 , 0 4 6 , 8 5 9 ;   a n d  

4 , 3 7 7 , 4 9 7 .  

The  p r e s e n t   i n v e n t i o n   c o n t e m p l a t e s   u t i l i z a t i o n   o f  

s u c h   z e o l i t e s   w h e r e i n   t he   mole   r a t i o   of  s i l i c a   to  a l u m i n a   i s  

e s s e n t i a l l y   u n b o u n d e d .   R e f e r e n c e   to   t h e   a b o v e - i d e n t i f i e d  

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

c r y s t a l l i n e   z e o l i t e s   to  t h o s e   h a v i n g   t he   s p e c i f i c   s i l i c a -  

a l u m i n a   mole   r a t i o s   d i s c u s s e d   t h e r e i n ,   i t   now  b e i n g   k n o w n  

t h a t   s u c h   z e o l i t e s   may  be  s u b s t a n t i a l l y   a l u m i n i u m - f r e e   a n d  

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

m a t e r i a l s ,   may  be  u s e f u l   or  even   p r e f e r r e d   in   some  a p p l i c a -  

t i o n s ,   as  may  z e o l i t e s   w h i c h   c o n t a i n   t r i v a l e n t   l a t t i c e  

e l e m e n t s   o t h e r   t h a n   a l u m i n i u m .  

ZSM-5  i s   a  p r e f e r r e d   c a t a l y s t   b e c a u s e   i t   i s  

e x c e e d i n g l y   a c t i v e .   S u c c e s s f u l   FCC  p r o c e s s e s   may  u s e  

c a t a l y s t s   c o n t a i n i n g   r e l a t i v e l y   s m a l l   a m o u n t s   of  ZSM-5  in  a n  

a m o r p h o u s   b a s e   such   as  s i l i c a ,   a l u m i n a ,   or  s i l i c a - a l u m i n a .  

One  of  t h e  v i r t u e s   of  t h e   ZSM-5  m a t e r i a l ,   i t s   g r e a t  

a c t i v i t y ,   c a u s e s   some  o p e r a t i o n s   p r o b l e m s .   When  i t s   h i g h  

a c t i v i t y   i s   t e m p e r e d   by  i n c o r p o r a t i o n   of  t h e   ZSM-5  in  a n  

a m o r p h o u s   b a s e ,   t h e   r a t i o   of  ZSM-5  to  a m o r p h o u s   m a t e r i a l   i s  



f i x e d .   I t   i s   p o s s i b l e   to   a u g m e n t   s o m e w h a t   t h e   ZSM-5  c o n t e n t  

of  an  o p e r a t i n g   FCC  r e a c t o r   by  a d d i t i o n   of  a d d i t i o n a l  

p a r t i c u l a t e   m a t e r i a l   c o n t a i n i n g   n e a t   ZSM-5  or  e n r i c h e d  

a m o u n t s   of   ZSM-5,  as  c o m p a r e d   to   t h e   e q u i l i b r i u m   c a t a l y s t   i n  

t h e   FCC  r e a c t o r .   U n f o r t u n a t e l y   t h e r e   i s   no  way  to  r emove   t h e  

ZSM-5  c a t a l y s t   w i t h o u t   r e m o v i n g   t h e   c a t a l y s t   i n v e n t o r y   f r o m  
t h e   r e a c t o r   and  r e p l a c i n g   i t   w i t h   a  d i f f e r e n t   FCC  c a t a l y s t .  

A n o t h e r   p r o b l e m   w i t h   o p e r a t i o n   of   ZSM-5  embedded   i n .  

an  a m o r p h o u s   m a t r i x ,   i s   t h a t   t h e   d e a c t i v a t i o n / r e a c t i v a t i o n  

c h a r a c t e r i s t i c s   of  t h e   ZSM-5  and  a m o r p h o u s   m a t e r i a l   a r e  
d i f f e r e n t .   The  ZSM-5  m a t e r i a l   i s   r e l a t i v e l y   s t a b l e ,   a s  

r e g a r d s   a c t i v i t y ,   in  t h e   FCC  r e a c t o r .   The  ZSM-5  n e e d s   v e r y  
l i t t l e   r e g e n e r a t i o n .   The  a m o r p h o u s   m a t e r i a l   r a p i d l y  
d e a c t i v a t e s   a f t e r   o n l y   a  few  m i n u t e s   of  o p e r a t i o n   due  to  c o k e  

d e p o s i t i o n .   The  o n l y   way  to   r e s t o r e   t h e   a c t i v i t y   of  t h e  

a m o r p h o u s   m a t e r i a l   i s   to   b u r n   t h e   coke   t h e r e f r o m   in  an  FCC 

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

a g e ,   p r e m a t u r e l y ,   t h e   ZSM-5  c a t a l y s t   p a s s i n g   t h r o u g h   t h e  

r e g e n e r a t o r ,   n e c e s s i t a t i n g   a  c o n t i n u i n g   p r o g r a m   of  ZSM-5 

a d d i t i o n   t o   t h e   FCC  r e a c t o r   to   r e p l a c e   t h a t   ZSM-5  damaged   b y  
t h e   r e g e n e r a t i o n   p r o c e s s .  

U S - A - 4 , 3 0 9 , 2 8 0   t e a c h e s   a d d i n g   a  f i n e l y   d i v i d e d  

p o w d e r   of   z e o l i t e   a d d i t i v e   p r o m o t e r   to  c o a t   t h e   s u r f a c e   o f  

FCC  c a t a l y s t .   T h i s   r e f e r e n c e   d i s c l o s e s   t h a t   " t h e   a d d i t i v e  

p r o m o t e r   can   a l s o   be  i n t r o d u c e d   to   a n d / o r   r e c y c l e d   t h r o u g h  
t h e   r e c y c l e   f e e d " .   See  c o l u m n   3,  l i n e s   2 8 / 2 9 .  

As  t h e   a d d i t i v e   i s   of   s u c h   a  s i z e   as   to   c o a t   t h e  

c a t a l y s t ,   t h e   a d d i t i v e   i s   l o c k e d   o n t o   t h e   FCC  c a t a l y s t ,   a n d  

b e h a v e s   as   FCC  c a t a l y s t .   R e c y c l e   of  FCC  c a t a l y s t   f rom  t h e  

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

r e c y c l e   of   a  r e f r a c t o r y   s l u r r y   o i l .  

P e t r o l e u m   r e f i n e r s   h a v e   had  no  e c o n o m i c a l   a n d  

e f f i c i e n t   means   of  r e d u c i n g   t h e   ZSM-5  c o n t e n t   of  an  FCC 



r e a c t o r .   I t   was  p o s s i b l e   to  add  ZSM-5  q u i c k l y ,   bu t   n o t   t o  

r emove   i t .   I t   was  p o s s i b l e   to  a l l o w   t h e   ZSM-5  t o  n a t u r a l l y  

d e a c t i v a t e   in  t h e   r e g e n e r a t o r ,   b u t   p r e m a t u r e   a g i n g   of  t h e  

c a t a l y s t   i s   an  e x p e n s i v e   way  to  r e m o v e   i t s   c a t a l y t i c  

a c t i v i t y .   Thus  t h e r e   has   b e e n   no  c o m p l e t e l y   s a t i s f a c t o r y   w a y  

to  a d j u s t   t h e   ZSM-5  c o n t e n t   of  an  FCC  r e a c t o r .   O p e r a t i o n  

w i t h   ZSM-5  a m o r p h o u s   m i x t u r e s   u s u a l l y   r e s u l t e d   in  p r e m a t u r e  

a g i n g   of  t h e   Z S M - 5 .  

We  h a v e   now  d i s c o v e r e d   t h a t   i t   i s   p o s s i b l e   t o  

i n c r e a s e   or  d e c r e a s e   t h e   a m o u n t   of  t h e   ZSM-5  c a t a l y s t  
c o n t a i n e d   w i t h i n   t h e   f l u i d i z e d   c a t a l y t i c   c r a c k i n g   r e a c t o r .  

We  have   a l s o   d i s c o v e r e d   a  way  to   k e e p   t h e   a c t i v e   ZSM-5 

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

r e g e n e r a t o r .  

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  f l u i d i s e d  

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

in  w h i c h   a  c r a c k i n g   f e e d  c o n t a c t s   in  a  r e a c t o r   a  c r a c k i n g  

c a t a l y s t   h a v i n g   an  a v e r a g e   p a r t i c l e   s i z e   of  30  to   80 µm  and  a  

p o r e   s i z e   s u f f i c i e n t   to   p r o v i d e   a c c e s s   to  c r a c k i n g   s i t e s   f o r  

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

c o n t i n u o u s l y   w i t h d r a w n   f rom  t h e   r e a c t o r ,   r e g e n e r a t e d ,   a n d  

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

c o n t i n u o u s l y   w i t h d r a w n   f rom  t h e   r e a c t o r   and  s u b j e c t e d   t o  

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

a  c r y s t a l l i n e   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   in  t h e   r a n g e  
1  to  12  and  of  a v e r a g e   p a r t i c l e   s i z e   3  to  30 µm  i s  

c o n t i n u o u s l y   a d d e d   to  s a i d   r e a c t o r   and  i s   w i t h d r a w n   i n  

e n t r a i n m e n t   in  s a i d   e f f l u e n t   a t   a t   l e a s t   50%  of  t he   r a t e   o f  

i t s   a d d i t i o n .  

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

w i t h d r a w n   in  e n t r a i n m e n t   in  s a i d   e f f l u e n t   a t   a t   l e a s t   90%  o f  

t h e   r a t e   of  i t s   a d d i t i o n ,   and  t h e   q u a n t i t y   of   s a i d   a d d e d  

c a t a l y s t   in  t h e   r e a c t o r   i s   0 . 1   to   5%  w t .   of  t h e   q u a n t i t y   o f  



s a i d   c r a c k i n g   c a t a l y s t   in  t he   r e a c t o r .   U s u a l l y   t h e   a d d e d  

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

r e c y c l e d   to   t h e   r e a c t o r ,   and  a t   l e a s t   99%  w t .   of  s a i d   a d d e d  

c a t a l y s t   p r e s e n t   in   t h e   r e a c t o r   can   be  r e c y c l e d   a d d e d  

c a t a l y s t .  

The  c r a c k i n g   c a t a l y s t   u s u a l l y   c o m p r i s e s   f rom  5  t o  

50%  w t .   of   a  s y n t h e t i c   f a u j a s i t e   s u s p e n d e d   w i t h i n   a n d  

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

a d d e d   c a t a l y s t   u s u a l l y   c o m p r i s e s   f rom  10  t o   40%  w t .   of  a  

z e o l i t e   h a v i n g   t h e   s t r u c t u r e   of  z e o l i t e   ZSM-5  c o m p o s i t e d   w i t h  

an  a m o r p h o u s   b i n d e r .  

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

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

i s   c h a r g e d   to   a  f l u i d i z e d   bed  r e a c t o r   c o n t a i n i n g   a  f l u i d i z e d  

bed  of  e q u i l i b r i u m   c a t a l y s t   to   p r o d u c e   c r a c k e d   p r o d u c t ,   and  a  

c o n v e r t e d   f e e d s t r e a m   i s   r e m o v e d   as  a  p r o d u c t   f rom  t h e  

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

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

a  m a j o r i t y   of   s a i d   e n t r a i n a b l e   a d d i t i v e   w i t h   s a i d   p r o d u c t  

r e m o v e d   f rom  t h e   f l u i d   bed  r e a c t i o n   z o n e .  

In  a n o t h e r   e m b o d i m e n t   t h e   p r e s e n t   i n v e n t i o n  

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

h y d r o c a r b o n   f e e d   c o m p r i s i n g   c h a r g i n g   to   a  f l u i d i z e d   b e d  

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

h y d r o c a r b o n   f e e d   and   an  e n t r a i n a b l e   c a t a l y s t   a d d i t i v e   t o  

p r o d u c e   v a p o u r i z e d   c a t   c r a c k i n g   p r o d u c t s ;   r e m o v i n g   s a i d  

v a p o u r i z e d   p r o d u c t s   c o n t a i n i n g   a t   l e a s t   90 %  w t .   of  s a i d  

e n t r a i n a b l e   c a t a l y s t   a d d i t i v e   f rom  s a i d   FCC  r e a c t o r ;  

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

s a i d   e n t r a i n a b l e   c a t a l y s t   a d d i t i v e ;   and  r e c y c l i n g   a t   l e a s t   a  

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

r e a c t o r .  

In  a  more   l i m i t e d   e m b o d i m e n t   t h e   p r e s e n t   i n v e n t i o n  



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

h y d r o c a r b o n s   c o m p r i s i n g   c h a r g i n g   to   a  f l u i d i z e d   bed  r e a c t o r   a  

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

f rom  a  s o u r c e   h e r e a f t e r   s p e c i f i e d ;   a d d i n g   to  s a i d   r e a c t o r  

f r e s h   e n t r a i n a b l e   c a t a l y s t   a d d i t i v e   and  r e c y c l e   e n t r a i n a b l e  

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

t i n g   in  s a i d   f l u i d   bed  r e a c t o r   s a i d   h y d r o c a r b o n   f e e d   t o  

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

c a t a l y s t ,   r e g e n e r a t i n g   same  in  an  o x y g e n - c o n t a i n i n g   r e g e n e r a - '  

t i o n   zone   to   to   p r o d u c e   r e g e n e r a t e d   c a t a l y s t ,   and  r e c y c l i n g :  

s a i d   r e g e n e r a t e d   c a t a l y s t   to  s a i d   FCC  r e a c t o r   as  s a i d   h o t  

r e g e n e r a t e d   c a t a l y s t ;   r e m o v i n g   f r o m   s a i d   r e a c t o r   a  r e a c t o r  

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

l e a s t   50%  wt .   of  s a i d   e n t r a i n a b l e   c a t a l y s t   a d d i t i v e ;  

s e p a r a t i n g   and  f r a c t i o n a t i n g   s a i d   r e a c t o r   e f f l u e n t   v a p o u r   t o  

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

and  a  r e l a t i v e l y   h e a v y   l i q u i d   p r o d u c t   s t r e a m   c o n t a i n i n g   s a i d  

e n t r a i n a b l e   c a t a l y s t   a d d i t i v e ;   r e c o v e r i n g   f rom  s a i d  

r e l a t i v e l y   h e a v y   l i q u i d   s t r e a m   a t   l e a s t   90%  wt .   of  s a i d  

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

s a i d   a d d i t i v e   to   s a i d   FCC  r e a c t o r .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  s i n g l e   f i g u r e   i s   a  s i m p l i f i e d   d i a g r a m  

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

f r a c t i o n a t o r .  

The  p r e s e n t   i n v e n t i o n   s o l v e s   two  i n d e p e n d e n t  

p r o b l e m s .   The  f i r s t   p r o b l e m   s o l v e d   i s   t h e   f a c t   t h a t   ZSM-5 

c a t a l y s t ,   or  o t h e r   e n t r a i n a b l e   c a t a l y s t   a d d i t i v e ,   can  b e  

c o n t i n u o u s l y   a d d e d   to  t h e   c a t a l y s t   c o n t a i n e d   in  a  f l u i d   b e d  

r e a c t o r ,   and  q u i c k l y   r e m o v e d   f rom  t h e   r e a c t o r   i n d e p e n d e n t l y  

o f  t h e   e q u i l i b r i u m   c a t a l y s t .   The  e f f e c t   of  c a t a l y s t   a d d i t i v e  



a d d i t i o n   can   be  made  p e r m a n e n t   by  c o n t i n u i n g   to   add  i t .  

The  s e c o n d   p r o b l e m   s o l v e d   by  t h i s   i n v e n t i o n   i s   t h e  

a b i l i t y   to   r e c o v e r   t h e   ZSM-5  c a t a l y s t   or  o t h e r   e n t r a i n a b l e  

c a t a l y s t   a d d i t i v e ,   and  r e c y c l e   i t   to   t h e   r e a c t o r ,   w i t h o u t  

p a s s i n g   t h r o u g h   t h e   h i g h   t e m p e r a t u r e   FCC  r e g e n e r a t o r .  

A v o i d i n g   t h e   FCC  c a t a l y s t   r e g e n e r a t o r   p r e v e n t s   p r e m a t u r e  

a g i n g   of   t h e   c a t a l y s t   a d d i t i v e .  

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

d i s c u s s e d   in   t u r n .  

REACTOR/REGENERATOR 

T h e s e   a r e   c o n v e n t i o n a l .   The  FCC  r e a c t o r   may  be  a n  

e n t i r e l y   d e n s e   p h a s e   f l u i d   b e d ,   or  may  o p e r a t e   w i t h   a l l   r i s e r  

c r a c k i n g ,   w i t h   a  d i l u t e   p h a s e   b e d ,   or  some  m i x t u r e   of  b o t h  

modes   of  o p e r a t i o n .   The  FCC  r e g e n e r a t o r   can   be  a  s i n g l e  

d e n s e   b e d ,   or  two  d e n s e   b e d s   c o n n e c t e d   by  a  d i l u t e   p h a s e  

t r a n s p o r t   r i s e r   c o n n e c t e d   to   a  s e c o n d   d e n s e   bed  w i t h i n   t h e  

r e g e n e r a t o r .   The  r e g e n e r a t o r   can   o p e r a t e   in  a  CO 

a f t e r b u r n i n g   mode,   or  may  be  o p e r a t e d   to   p r o d u c e   s u b s t a n t i a l  

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

m o s t   b e n e f i c i a l   when  t h e   r e g e n e r a t o r   i s   run   r e l a t i v e l y   h o t ;  

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

o p e r a t i o n .   Hot  c a t a l y s t   r e g e n e r a t i o n   p r o m o t e s   r a p i d  

d e a c t i v a t i o n   of  t h e   ZSM-5  m a t e r i a l s .  

EQUILIBRIUM  CATALYST 

The  e q u i l i b r i u m   c a t a l y s t ,   w h i c h   w i l l   c o m p r i s e   t h e  

b u l k   of   t h e   c a t a l y s t   w i t h i n   t h e   f l u i d   bed  r e a c t o r ,   may  be  a n y  
c o n v e n t i o n a l   f l u i d   b e d ,   or  FCC  c a t a l y s t ,   e i t h e r   a m o r p h o u s   o r  

c r y s t a l l i n e ,   or  a  m i x t u r e   of   b o t h .   C a t a l y s t s   h a v i n g   a n  

a v e r a g e   p a r t i c l e   s i z e   of  10  to   100  m i c r o m e t e r s   d i a m e t e r   a r e  

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

d i s t r i b u t i o n   of  t h e   c a t a l y s t   w i l l   be  t h a t   r e q u i r e d   f o r   g o o d  



f l u i d i z a t i o n   c h a r a c t e r i s t i c s   in   t h e   r e a c t o r .   By  way  o f  

i l l u s t r a t i o n ,   bu t   no t   l i m i t a t i o n ,   a  good  FCC  e q u i l i b r i u m  

c a t a l y s t   w i l l   have   t h e   f o l l o w i n g   p r o p e r t i e s :  

P a r t i c l e   D e n s i t y ,   g / c c   1 . 4 2  

P a c k e d   D e n s i t y ,   g / c c   . 9 9  

A v e r a g e   P a r t i c l e   S i z e ,   mm  74  

S i z e   D i s t r i b u t i o n  

D i a m e t e r  

ENTRAINABLE  CATALYST 

An  a c c e p t a b l e   c a t a l y s t   a d d i t i v e   i s   any  w h i c h   can  b e  

a d d e d   to   t h e   f l u i d   bed  r e a c t o r   and  r e m o v e d   w i t h   t h e   v a p o u r -  
i s e d   r e a c t o r   e f f l u e n t .   The  e x a c t   s i z e   of  t h e   e n t r a i n a b l e  

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

t h e   r e a c t o r ,   and  w i l l   be  a f f e c t e d   to   some  e x t e n t   by  t h e   s i z e  

of  t h e   e q u i l i b r i u m   c a t a l y s t   and  by  t h e   e f f i c i e n c y   of  t h e  

c y c l o n e s   u s e d   to  r e t u r n   t h e   b u l k   of  t he   e q u i l i b r i u m   c a t a l y s t  

to   t h e   r e a c t o r .  

A  p r e f e r r e d   a d d i t i v e   i s   ZSM-5,  e i t h e r   n e a t   o r  

.  d i s p e r s e d   in  an  a m o r p h o u s   b a s e .   The  p r a c t i c e   of  t h e   p r e s e n t  
i n v e n t i o n   is  mos t   a d v a n t a g e o u s   w h e n  a   r e l a t i v e l y   c o n c e n t r a t e d  

ZSM-5  m a t e r i a l ,   e . g . ,   t y p i c a l l y   10  to  50%  w t .   ZSM-5,  i s   a d d e d  

as  an  e n t r a i n a b l e   c a t a l y s t   a d d i t i v e .   In  m o s t   c o n v e n t i o n a l  

FCC  r e a c t o r s  c o n t a i n i n g   c o n v e n t i o n a l   e q u i l i b r i u m   c a t a l y s t s ,  



an  e n t r a i n a b l e   c a t a l y s t   a d d i t i v e   w i t h   an  a v e r a g e   p a r t i c l e  

s i z e   of  3  to  30,   and  p r e f e r a b l y   5  to  20  m i c r o m e t e r s   w i l l   g i v e  

good   r e s u l t s .  

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

a d d i t i v e   w i l l   v a r y   f r o m   t h e   r e s i d e n c e   t i m e   of  t h e   gas   t o  

a b o u t   t e n   t i m e s   as   l o n g   as  t h e   gas   r e s i d e n c e   t i m e .   U s u a l l y  

t h e   e n t r a i n a b l e   c a t a l y s t   p a r t i c l e s   w i l l   be  s w e p t   a l o n g   w i t h  

t h e   g a s ,   so  t h e   e n t r a i n a b l e   c a t a l y s t   p a r t i c l e   r e s i d e n c e   t i m e  

w i l l   be  on  t he   o r d e r   of  100  to  200  p e r c e n t   of  t h e   g a s  
r e s i d e n c e   t i m e   w i t h i n   t h e   r e a c t o r .  

One  a d d i t i o n a l   b e n e f i t   f rom  t h e   p r a c t i c e   of  t h e  

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

i s   d i s p r o p o r t i o n a t e l y   e f f e c t i v e   w i t h i n ,   e . g . ,   t h e   FCC  r e a c t o r  

b e c a u s e   of  i t s   s m a l l   p a r t i c l e   s i z e .   Even  o p e r a t i n g   in  a  

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

p r a c t i c e   of   our   i n v e n t i o n   makes   b e t t e r   u se   of   t h e   ZSM-5 

b e c a u s e   t h e   ZSM-5  i s   in  a  h i g h l y   d i v i d e d   s t a t e .  

When  ZSM-5  i s   t h e   e n t r a i n a b l e   a d d i t i v e ,   i t   s h o u l d  

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



MAIN  FRACTIONATOR 

The  f r a c t i o n a t i o n   f a c i l i t i e s   a r e   c o n v e n t i o n a l .   Any  

commonly   u s e d   m e t h o d   of  r e c o v e r i n g   v a l u a b l e   p r o d u c t s   f r o m  

m a t e r i a l   c o n t a i n e d   in  t h e   r e a c t o r   e f f l u e n t   can   be  u s e d .  

' U s u a l l y   t h e   r e a c t o r   e f f l u e n t   v a p o u r s   a r e   c o o l e d   a n d  

c o m p r e s s e d   and  s e n t   t h r o u g h   a  v a r i e t y   of  a b s o r b e r   a n d  

f r a c t i o n a t o r s .   The  h e a v i e s t   m a t e r i a l   c o n t a i n e d   in  t h e  

r e a c t o r   e f f l u e n t   i s   u s u a l l y   r e m o v e d   as  t h e   b o t t o m   s t r e a m   f r o m  

a  l a r g e   f r a c t i o n a t o r ,   t y p i c a l l y   c a l l e d   t h e   m a i n   f r a c t i o n a t o r . 1 .  

ENTRAINABLE  CATALYST  RECOVERY 

We  p r e f e r   to   r e c y c l e   a l l   or  a  p o r t i o n   of  t h e  

e n t r a i n a b l e   c a t a l y s t   back   t o   t h e   r e a c t o r ,   or  to   mix  w i t h  

r e a c t o r   f e e d .   I t   i s   a c c e p t a b l e ,   and  may  be  p r e f e r r e d ,   b a s e d  

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

c a t a l y s t ,   or  a  l i q u i d   s t r e a m   c o n t a i n i n g   an  e n r i c h e d   c a t a l y s t  
c o n c e n t r a t i o n .  

The  c a t a l y s t   can  be  r e c o v e r e d   f rom  t h e   s l u r r y   o i l  

by  f i l t r a t i o n ,   s e t t l i n g ,   a d d i t i o n   of  an  a n t i s o l v e n t ,   or  a n y  
o t h e r   known  means   of  s e p a r a t i n g   a  f i n e l y   d i v i d e d  p o w d e r   f r o m  

a  l i q u i d .  

I t   i s   p r e f e r r e d   n o t   to   s i m p l y   r e c y c l e ,   e . g . ,   t h e  

ma in   c o l u m n   b o t t o m s   b a c k   t o   t h e   r e a c t o r .   Such  a  r e c y c l e  

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

d i f f i c u l t   to   c r a c k   in  t h e   FCC  u n i t .   Such  an  o p e r a t i o n   a l s o  

r e c y c l e s   b o t h   e n t r a i n a b l e   a d d i t i v e   and  FCC  c a t a l y s t   c a r r i e d  

ou t   of  t h e   FCC,  and  s o m e t i m e s   i t   i s   p r e f e r r e d   to   r e c y c l e ,  

p r e f e r e n t i a l l y ,   t h e   e n t r a i n a b l e   a d d i t i v e .  

I t   i s   a l s o   w i t h i n   t h e   s c o p e   of  t h e   p r e s e n t  
i n v e n t i o n   to  f r a c t i o n a t e   t h e   r e c y c l e d   c a t a l y s t ,   i . e . ,  

s e p a r a t e   l a r g e   f i n e s   f rom  s m a l l   f i n e s   by  u s i n g   s t a g e d  

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   m e a n s .   In  t h i s   m a n n e r   t h e  

f r a c t i o n   mos t   e n r i c h e d   in  ZSM-5,   or  o t h e r   d e s i r e d   c a t a l y s t  



a d d i t i v e ,   can  be  r e c y c l e d   to   t h e   r e a c t o r ,   w i t h o u t   s e n d i n g  

o t h e r   c a t a l y s t   f i n e s   or  t h e   e n t i r e   s t r e a m   f rom  t h e   m a i n  

c o l u m n   b o t t o m s   b a c k   to   t h e   r e a c t o r .  

I t   i s   a l s o   p o s s i b l e   to   r e c o v e r   ZSM-5  c a t a l y s t ,   o r  

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

s e p a r a t o r s ,   a  b a g h o u s e ,   e l e c t r o s t a t i c   p r e c i p i t a t o r s ,   o r  

e q u i v a l e n t   m e a n s .   In  t h i s   mode  of   o p e r a t i o n   t h e   e n t r a i n a b l e  

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

of  t h e   p r o d u c t   f r a c t i o n a t o r .   The  d i s a d v a n t a g e   of  t h i s   t y p e  

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

e x p e n s e ,   b u t   i t   may  be  c h e a p e r   on  t h e   new  u n i t   to   i n s t a l l  

s t a g e d   c y c l o n e s   to   r e c o v e r   and  r e c y c l e   to   t h e   r e a c t o r  

e n t r a i n a b l e   p a r t i c l e s   of  ZSM-5  t h a t   w o u l d   o t h e r w i s e   b e  

r e m o v e d   f rom  t h e   r e a c t o r ,   r a t h e r   t h a n   t o l e r a t e   t h e   p r o b l e m s  

i n t r o d u c e d   w i t h   a  l a r g e   s l u r r y   o i l   r e c y c l e .   S t a g e d   c y c l o n i c  

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

of  e n t r a i n a b l e   ZSM-5  to  t h e   r e a c t o r   w i t h o u t   s e n d i n g   t h e   ZSM-5 

m a t e r i a l   or  o t h e r   e n t r a i n a b l e   a d d i t i v e   t h r o u g h   t h e  

r e g e n e r a t o r .  

Once   t h e   a d d i t i v e   has   b e e n   r e c o v e r e d   i t   c o u l d  

a d d i t i o n a l l y   be  t r e a t e d   to   r e c o v e r   any  l o s t   a c t i v i t y ,   s u c h   a s  

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

t h o s e   p r e v a i l i n g   in  t he   main  r e g e n e r a t o r .  

ELECTROSTATIC  F I L T E R  

The  p r e f e r r e d   m e t h o d   of  r e c o v e r i n g   e n t r a i n a b l e  

c a t a l y s t   i n v o l v e s   u s e   of  an  e l e c t r o s t a t i c   f i l t e r ,   s u c h   as  t h e  

o n e s   d i s c l o s e d   in   U S - A - 3 , 9 2 8 , 1 5 8   and  4 , 0 5 9 , 4 9 8 ,   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   by  r e f e r e n c e .  

U A - A - 3 , 9 2 8 , 1 5 8   d e s c r i b e s   an  e l e c t r o s t a t i c   f i l t e r   i n  

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

g l a s s   b e a d s .   L i q u i d   f l o w s   t h r o u g h   t h e   bed  w h i l e   t h e  



e l e c t r i c a l   g r a d i e n t   i s   i m p o s e d   a c r o s s   t h e   b e d .   S o l i d s   a r e  

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

g l a s s   b e a d s .   The  f i l t e r   can   be  r e p e a t e d l y   and  r e a d i l y  

r e c o n d i t i o n e d   f o r   f u r t h e r   use   by  b a c k f l u s h i n g .  

DETAILED  DESCRIPTION  OF  THE  DRAWING 

The  i n v e n t i o n   i s   now  f u r t h e r   i l l u s t r a t e d   i n  

c o n n e c t i o n   w i t h   t h e   d r a w i n g .  

F r e s h   f e e d   e n t e r s   r e a c t o r   4  v i a   l i n e   1.  The  f e e d  

i s   m i x e d   w i t h   a  h e a v y   r e c y c l e   s t r e a m   c o n t a i n e d   in  l i n e   2 .  

C a t a l y s t   a d d i t i v e   may  be  a d d e d   f r o m   two  s o u r c e s ,   f r e s h   i n  

l i n e   3,  r e c y c l e d   a l o n g   w i t h   t h e   h e a v y   r e c y c l e   s t r e a m   in  l i n e  

2,  or  b o t h .   C a t a l y s t   a d d i t i v e   may  a l s o   be  a d d e d   in  o t h e r  

p a r t s   of  t h e   p l a n t ,   so  l o n g   as  t h e   a d d i t i v e   e v e n t u a l l y   e n t e r s  

t h e   r e a c t o r .   R e g e n e r a t e d   e q u i l i b r i u m   c a t a l y s t   in  l i n e   11  i s  

m i x e d   w i t h   t h e   i n c o m i n g   f e e d   in   t h e   b a s e   of  t he   r i s e r   5  o f  

r e a c t o r   4.  C a t a l y s t   and  r e a c t o r   e f f l u e n t   v a p o u r s   a r e  

d i s c h a r g e d   f rom  r i s e r   r e a c t o r   5  v i a   d i s c h a r g e   means  6,  s h o w n  

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

d i s c h a r g e ,   a l t h o u g h   c y c l o n e s   may  a l s o   be  u s e d .   T h e  

e q u i l i b r i u m   c a t a l y s t   f a l l s   to   t h e   b o t t o m   of  r e a c t o r   4  to   f o r m  

a  d e n s e   bed  of  c a t a l y s t   7,  w h i l e   t h e   e n t r a i n a b l e   c a t a l y s t  

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

v i a   l i n e   13.   The  r i s e r   r e a c t o r   shown  is   m e r e l y   i l l u s t r a t i v e  

of  one  s u i t a b l e   r e a c t o r .   A  s i n g l e   d e n s e   bed  r e a c t o r ,   a  

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

a  m o v i n g   bed  r e a c t o r   may  a l s o   be  u s e d .   A l l   of  t h e s e   r e a c t o r s  

o p e r a t e   w i t h   an  e q u i l i b r i u m   c a t a l y s t ,   and  a l l   may  b e n e f i t   b y  

a d d i n g   an  e n t r a i n a b l e   c a t a l y s t   a d d i t i v e .  

-  S p e n t   e q u i l i b r i u m   c a t a l y s t   i s   r e m o v e d   f rom  d e n s e  

bed  7  v i a   l i n e   9  and  c h a r g e d   to   c o n v e n t i o n a l   c a t a l y s t  

r e g e n e r a t o r   8.  A i r ,   or  o x y g e n   c o n t a i n i n g   gas   or  o t h e r  

r e g e n e r a t i o n   f l u i d   i s   a d d e d   to  t h e   b o t t o m   of  r e g e n e r a t o r   8 



v i a   l i n e   10 .   F l u e   gas   i s   r e m o v e d   v i a   l i n e   12 .   R e g e n e r a t e d  

c a t a l y s t   i s   r e m o v e d   v i a   l i n e   1 1 .  

The  r e a c t o r   e f f l u e n t   v a p o u r   in  l i n e   13  i s   c h a r g e d  

to  m a i n   c o l u m n   14.   D e p e n d i n g   on  t h e   f e e d   and  c a t a l y s t ,  

d i f f e r e n t   p r o d u c t s   w i l l   be  r e c o v e r e d .   A  t y p i c a l   p r o d u c t   m i x  

o b t a i n e d   by  c h a r g i n g   o i l   to   an  FCC  u n i t   i s   s h o w n ,   b u t   s h o u l d  

n o t   be  l i m i t i n g .   Removed   o v e r h e a d   f rom  ma in   c o l u m n   14  i s   a  

wet   g a s   v i a   l i n e   16,   a  l i g h t   n a p h t h a   v i a   l i n e   17  and  a  h e a v y  .  

n a p h t h a   s t r e a m   v i a   l i n e   18 .   A  l i g h t   c y c l e   o i l   i s   r e m o v e d   v i a  

l i n e   20 .   Heavy  c y c l e   o i l   i s   r e m o v e d   v i a   l i n e   22  or  v i a   l i n e  

23  i f   i t   i s   to   he  r e c y c l e d   to   t h e   r e a c t o r   m i x e d   w i t h   t h e  

r e c y c l e d   a d d i t i v e .   A  m a i n   c o l u m n   b o t t o m   s t r e a m   i s   w i t h d r a w n  

v i a   l i n e   24  and  c h a r g e d   t o   e l e c t r o f i l t e r   26  w h e r e i n   a  h e a v y  

f r a c t i o n   e n r i c h e d   in  c a t a l y s t   f i n e s   and  e n t r a i n a b l e   c a t a l y s t  

a d d i t i v e   i s   r e c o v e r e d   v i a   l i n e   27  and  r e c y c l e d   v i a   l i n e   32  t o  

l i n e   23  c o n t a i n i n g   h e a v y   c y c l e   o i l ,   a n d  f r o m   t h e r e   i t   i s  

c h a r g e d   v i a   l i n e   2  to   mix  w i t h   t h e   f r e s h   f e e d .  

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

w i t h d r a w n   f rom  t h e   p r o c e s s   v i a   l i n e   30  as   c l a r i f i e d   s l u r r y  

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

28  t o   t h e   b o t t o m   of  t h e   m a i n   c o l u m n .   A  p o r t i o n   of  t h e  

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

f rom  t h e   p r o c e s s   v i a   l i n e   3 4 .  

A l t h o u g h   a  r e c y c l e   o p e r a t i o n   i s   shown  i n ' t h e  

d r a w i n g ,   w h e r e i n   e n t r a i n a b l e   c a t a l y s t   a d d i t i v e   i s   r e c y c l e d ,  

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

t h e r e   i s   no  f l o w   in  l i n e   32 .   The  o p t i m u m   a m o u n t   of  r e c y c l e  

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

d e t e r m i n e d   b a s e d   on  l o c a l   e c o n o m i c s .   In  g e n e r a l ,   a  l a r g e  

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

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

t h r o u g h   e n t r a i n a b l e   a d d i t i v e   a d d i t i o n   r e s u l t s   in  h i g h e r   c o s t s  

f o r   c a t a l y s t   a d d i t i v e .   In  g e n e r a l ,   r e c y c l e   w i l l   be  m o s t  



a t t r a c t i v e   when  t h e   c o s t   of   t h e   e n t r a i n a b l e   c a t a l y s t   a d d i t i v e  

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

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

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

BEST  MODE 

When  p r a c t i c i n g   t h i s   i n v e n t i o n   in  an  FCC  p l a n t  

d e s i g n e d   to   p r o c e s s   1 0 0 , 0 0 0   b a r r e l s   ( 1 5 8 , 9 8 7   m3)  p e r  d a y   o f  

f e e d ,   and  c o n t a i n i n g   400  t o n s   ( 4 0 6 , 4 2 0   kg)  of  c a t a l y s t   w i t h .  

an  a v e r a g e   p a r t i c l e   s i z e   of   74  µ m   we  w o u l d   o p e r a t e   w i t h  

a d d i t i o n   of  200  p o u n d s   ( 9 0 . 7 2   kg)  pe r   day  of  c a t a l y s t  

a d d i t i v e .   The  c a t a l y s t   a d d i t i v e   wou ld   h a v e   t h e   f o l l o w i n g  

p h y s i c a l   p r o p e r t i e s :  

and  w o u l d   be  a d d e d   to   t h e   p l a n t   by  p u m p i n g   i t  i n   as  a  s l u r r y  

in  a  l i g h t   c y c l e   o i l   s t r e a m .   The  amoun t   of  r e c y c l e   a d d i t i v e  

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

b o t t o m s   would   be  1 2 , 5 0 0   p o u n d s   ( 5 , 6 7 0   kg)  p e r   h o u r .   An 

e l e c t r o f i l t e r   would   be  u s e d   to  s e p a r a t e   r e c y c l e   a d d i t i v e   f r o m  

s l u r r y   o i l   so  t h a t   r e c y c l e   of  t h e   r e f r a c t o r y   s l u r r y   o i l   c a n  

be  m i n i m i z e d .   P r e f e r a b l y   a t   l e a s t   90%  of  t h e   s l u r r y   o i l   i s  



r e m o v e d   f r o m   t h e   p r o c e s s ,   w h i l e   a t   l e a s t   90-99%  of  t h e  

a d d i t i v e   i s   r e c y c l e d .  

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

c o n t a i n i n g   0 . 2 5   w e i g h t   p e r c e n t   ZSM-5  a l m o s t   e n t i r e l y   due  t o  

r e c y c l e   f r o m   t h e   ma in   c o l u m n   b o t t o m s .   The  a m o u n t   of   ZSM-5 

g o i n g   t o  t h e   r e g e n e r a t o r   s h o u l d   of  c o u r s e   be  m i n i m i z e d ,   b u t   a  

s m a l l   a m o u n t   w i l l   p a s s   t h r o u g h   t h e   r e g e n e r a t o r .  

ILLUSTRATIVE  EMBODIMENT 

L i s t e d   in   t h e   f o l l o w i n g   t a b l e   a r e   e s t i m a t e s   o f  

p r o d u c t   d i s t r i b u t i o n s   t h a t   w o u l d   be  o b t a i n e d   in   a  p r i o r   a r t  

p r o c e s s ,   i . e . ,   w i t h   no  e n t r a i n a b l e   ZSM-5,  as   c o m p a r e d   to  t h e  

p r o c e s s   d e s c r i b e d   a b o v e   in   t h e   d e s c r i p t i o n   of   b e s t   m o d e .  



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

i t   g i v e s   r e f i n e r s   a  way  to   c h a n g e   t h e   c a t a l y s t   c h a r a c t e r -  

i s t i c s   in  t h e   FCC  r e a c t o r   w i t h o u t   c h a n g i n g   t h e   c a t a l y s t  

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

i n v e n t o r y   to   t h e   FCC  r e g e n e r a t o r .   In  t h e   c a s e   of  t h e   ZSM-5 

a d d i t i v e ,   i t   i s   p o s s i b l e   to   t a k e   a d v a n t a g e   of  t h e   h i g h  

a c t i v i t y   and  coke   r e s i s t a n c e   of  ZSM-5  w i t h o u t   s u b j e c t i n g   t h e  

ZSM-5  to   t h e   h a r s h   c o n d i t i o n s   e x p e r i e n c e d   in  t h e   m o d e r n   CO 

a f t e r b u r i n g   r e g e n e r a t o r s   a s s o c i a t e d   w i t h   FCC  u n i t s .   I f   t h e  

ZSM-5  c a t a l y s t   were   a d d e d   in  a  f o r m   w h e r e  i t   b e h a v e d   e x a c t l y  

as  t h e   e q u i l i b r i u m ,   t h e   ZSM-5  w o u l d   be  s u b j e c t e d   to  h i g h  

t e m p e r a t u r e   r e g e n e r a t i o n   e v e r y   3 - 1 0   m i n u t e s ,   and  w o u l d   l o s e  

mos t   of  i t s   c r a c k i n g   a c t i v i t y   w i t h i n   a  few  d a y s ,   r e q u i r i n g  



v e r y   h i g h   ZSM-5  makeup   r a t e s   to   a c h i e v e   t h e   o c t a n e   g a i n s   a n d  
g a s o l i n e   p l u s   a l k y l a t e   y i e l d   g a i n s   d e s c r i b e d   in  t h e  
i l l u s t r a t i v e   e m b o d i m e n t   a b o v e .  

In  c o n t r a s t ,   by  t h e   p r a c t i c e   of   t h e   p r e s e n t  
i n v e n t i o n ,   i t   i s   p o s s i b l e   to   o p e r a t e   t h e   FCC  r e a c t o r   w i t h   a  
v e r y   l a r g e   p r e s e n c e   of  ZSM-5  c a t a l y s t ,   w h i l e   a d d i n g   o n l y  
a b o u t   o n e - t e n t h   or  o n e - h u n d r e d t h   t h e   a m o u n t   of  ZSM-5  c a t a l y s t  
t h a t   w o u l d   o t h e r w i s e   be  n e e d e d   t o   make  up  f o r   t h e   r a p i d  
d e a c t i v a t i o n   of   ZSM-5  in  t h e   FCC  r e g e n e r a t o r .  



1.  A  f l u i d i s e d   c a t a l y t i c   c r a c k i n g   p r o c e s s   of  t h e  

c y c l i c ,   r e g e n e r a t i v e   k i n d   in  w h i c h   a  c r a c k i n g   f e e d   c o n t a c t s  

in  a  r e a c t o r   a  c r a c k i n g   c a t a l y s t   h a v i n g   an  a v e r a g e   p a r t i c l e  

s i z e   of  30  to   80  µm  and  a  p o r e   s i z e   s u f f i c i e n t   to  p r o v i d e  

a c c e s s   to  c r a c k i n g   s i t e s   f o r   a t   l e a s t   t h e   m a j o r i t y   of  f e e d  

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

t h e   r e a c t o r ,   r e g e n e r a t e d ,   and  r e t u r n e d   to   t h e   r e a c t o r ,  

h y d r o c a r b o n   e f f l u e n t   b e i n g   c o n t i n u o u s l y   w i t h d r a w n   f rom  t h e  

r e a c t o r   and  s u b j e c t e d   to  f r a c t i o n a t i o n ,   c h a r a c t e r i s e d   in  t h a t  

a  c a t a l y s t   c o m p r i s i n g   a  c r y s t a l l i n e   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   in  t h e   r a n g e   1  to   12  and  of  a v e r a g e   p a r t i c l e  

s i z e   3  to  30  µm  i s   c o n t i n u o u s l y   a d d e d   to   s a i d   r e a c t o r   and  i s  

w i t h d r a w n   in  e n t r a i n m e n t   in  s a i d   e f f l u e n t   a t   a t   l e a s t   50%  o f  

t h e   r a t e   of  i t s   a d d i t i o n .  

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  

a d d e d   c a t a l y s t   i s   w i t h d r a w n   in  e n t r a i n m e n t   in  s a i d   e f f l u e n t  

at   a t   l e a s t   90%  of  t h e   r a t e   of  i t s   a d d i t i o n .  

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  or  c l a i m   2 

w h e r e i n   t h e   q u a n t i t y   of  s a i d   a d d e d   c a t a l y s t   in  t h e   r e a c t o r   i s  

0 .1   to  5%  wt .   of  t h e   q u a n t i t y   of  s a i d   c r a c k i n g   c a t a l y s t   i n  

t h e   r e a c t o r .  

4.  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   a d d e d   c a t a l y s t   i s   r e c o v e r e d   f rom  e n t r a i n m e n t   i n  

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

5.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   4  w h e r e i n   a t   l e a s t  

99%  wt .   of  s a i d   a d d e d   c a t a l y s t   p r e s e n t   in  t h e   r e a c t o r   i s  

r e c y c l e d   a d d e d   c a t a l y s t .  

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 e r e i n   one  of  t h e   p r o d u c t s   of  s a i d   f r a c t i o n a t i o n   i s   a  

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

c a t a l y s t   e n t r a i n e d   in  s a i d   e f f l u e n t .  



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

s t r e a m   i s   a  s l u r r y   o i l .  

8.  A  p r o c e s s   a c c o r d i n g  t o   c l a i m   6  or  c l a i m   7  

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

9.  A  p r o c e s s   a c c o r d i n g   to   any  of   c l a i m s  4   to   7  

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

p r o d u c t .  

10.   A  p r o c e s s   a c c o r d i n g   t o   c l a i m   9  w h e r e i n   t h e  

s e p a r a t i o n   i s   e f f e c t e d   by  an  e l e c t r o s t a t i c   f i l t e r .  

11 .   A  p r o c e s s   a c c o r d i n g   to   c l a i m   9  w h e r e i n   t h e  

s e p a r a t i o n   i s   e f f e c t e d   by  p a s s i n g   s a i d   e f f l u e n t   t h r o u g h  

s t a g e d   c y c l o n e s .  

12.   A  p r o c e s s   a c c o r d i n g   to   c l a i m   9  w h e r e i n   t h e  

s e p a r a t i o n   i s   e f f e c t e d   by  f i l t r a t i o n ,   s e t t l i n g   or  u se   of  a n  

a n t i s o l v e n t .  

13 .   A  p r o c e s s   a c c o r d i n g   to   c l a i m   12  in  w h i c h   t h e  

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

p r e f e r e n c e   to   s a i d   c r a c k i n g   c a t a l y s t .  

14 .   A  p r o c e s s   a c c o r d i n g   to   any  of  c l a i m s   4  to   7 

and  9  t o   13  w h e r e i n   s a i d   r e c o v e r e d   c a t a l y s t   i s   r e g e n e r a t e d  

b e f o r e   b e i n g   r e c y c l e d .  

15.   A  p r o c e s s   a c c o r d i n g   to   c l a i m   6  w h e r e i n   a t  

l e a s t   90%  w t .   o f   s a i d   a d d e d   c a t a l y s t   c o n t a i n e d   in  s a i d   s t r e a m  

i s   r e c y c l e d .  

16.   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   t h e   r e a c t o r   i s   a  r i s e r   r e a c t o r .  

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

18 .   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   c r a c k i n g   c a t a l y s t   c o m p r i s e s   f rom  5  to   50%  w t .   o f  

a  s y n t h e t i c   f a u j a s i t e   s u s p e n d e d   w i t h i n   and  d i s t r i b u t e d  

t h r o u g h o u t   an  i n o r g a n i c   o x i d e   m a t r i x .  

19 .   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   a d d e d   c a t a l y s t   c o m p r i s e s   f rom  10  to  40%  wt .   of  a  

z e o l i t e   h a v i n g   t h e   s t r u c t u r e   of   z e o l i t e   ZSM-5  c o m p o s i t e d   w i t h  

an  a m o r p h o u s   b i n d e r .  
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