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@  A  process  for  fluid  catalytic  cracking  of  hydrocarbon  feed. 

A  fluid  catalytic  cracking  unit  having  a  riser  reactors  is 
equipped  with  multiple  nozzles  for  introducing  the  cracking 
feed  into  the  riser.  The  unit  is  operated  with  preheat  of  the 
feed  to  at  least  475°  F  whereby  the  efficiency  of  gasoline 
production  is  enhanced. 

The  amount  of  hot  regenerated  catalyst  dispersed  in  the 
cracking  feed  is  controlled  to  maintain  a  predetermined 
temperature  at  a  predetermined  point  in  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 d  

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

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

c h a r g e   t o   a  r i s e r   t y p e   r e a c t o r .   More  s p e c i f i c a l l y ,  

t h e   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   a  h i g h   d e g r e e   o f  

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

by  m u l t i p l e   i n j e c t i o n   n o z z l e s .  

F l u i d   c a t a l y t i c   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   i s   a  w e l l - e s t a b l i s h e d   r e f i n e r y   o p e r a t i o n .  

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

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

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

a  r e g e n e r a t o r   s e c t i o n   w h e r e   coke   d e p o s i t e d   on  s p e n t  

c a t a l y s t   is   b u r n e d .   The  p r o c e s s   o p e r a t e s   e s s e n t i a l l y  

as  f o l l o w s .   F r e s h   f e e d ,   w h i c h   may  be  p r e h e a t e d ,   i s  

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

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

r e a c t o r   in  t h e   v a p o r   p h a s e   and  p a s s e d   to   a  p r o d u c t s  

r e c o v e r y   s e c t i o n   c o m p r i s i n g   a t   l e a s t   one  m a i n  

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

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



w h i c h   has  been  c o k e d   by  t he   c r a c k i n g   r e a c t i o n ,   i s  

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

by  a  s p e n t   c a t a l y s t   t r a n s f e r   l i n e .   In  t h e   r e g e n e r a t o r ,  

t he   coke  i s   b u r n e d   by  c o n t a c t   w i t h   an  o x y g e n   c o n t a i n i n g  

g a s .   F l u e   gas  i s   p a s s e d   f rom  t he   r e g e n e r a t o r ,   a n d  

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

a  s t a n d p i p e   w h e r e   i t   i s   p i c k e d   up  by  t h e   f r e s h   f e e d  

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

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

of  t he   c a t a l y s t   s e c t i o n ,   whence   t h e   name  of  t he   p r o c e s s .  
In  a  t y p i c a l   o p e r a t i o n ,   h e a t   g e n e r a t e d   in  t h e  

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

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

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

s y s t e m s   a r e   d i s c l o s e d   in  U .S .   P a t e n t   N o s . 3 , 2 0 6 , 3 9 3   a n d  

3 , 2 6 1 , 7 7 7 .  

The  f l u i 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   has   b e e n  

i m p r o v e d   in   e f f i c i e n c y   o v e r   t he   y e a r s .   In  p a r t i c u l a r ,  

t h e   d i s c o v e r y   of  z e o l i t e   c a t a l y s t s   w i t h   t h e i r   g r e a t e r  

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

d e s i g n   of  t he   r e a c t o r   s e c t i o n   to  e m p h a s i z e  

r i s e r - c r a c k i n g ,   a r e   c a s e s   in   p o i n t .  

More  r e c e n t l y   i t   has   been   p r o p o s e d   t h a t   t he   c h a r g e  

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

n o z z l e s   as  d e s c r i b e d   in  U . S . P a t e n t   N o s . 3 , 1 5 2 , 0 6 5   a n d  

3 , 2 4 6 , 9 6 0 . S u c h   m u l t i p l e   i n j e c t i o n   n o z z l e s   a r e   p r o v i d e d  

w i t h   t h e   i n t e n t   to  o b t a i n   more  u n i f o r m   and  i m m e d i a t e  

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

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

s c a l e   p i l o t   p l a n t s .  

I t   has  now  been   f o u n d   t h a t   t he   e f f e c t   of  m u l t i p l e  

i n j e c t i o n   n o z z l e s   in  c o m m e r c i a l   s c a l e   FCC  r i s e r   r e a c t o r s  

is   no t   s i m p l y   a  m a t t e r   of  i m p r o v e d   c o n t a c t   b e t w e e n  



c h a r g e   and  c a t a l y s t   nor   s i m p l y   a  f u n c t i o n   of   i m p r o v e d  

u n i f o r m i t y   of  t h e   d i s p e r s i o n   of  FCC  c a t a l y s t   in  t h e  

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

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

of  t h e   c h a r g e   run   c o u n t e r   to   p h e n o m e n a   no t   p r e v i o u s l y  

r e c o g n i z e d   in  t h e   a r t   or  may  be  due  to  some  o t h e r   f a c t o r  

no t   now  r e c o g n i z a b l e .  

P l a n t s   f o r   p r a c t i c e   of  FCC  r i s e r   c r a c k i n g   a r e  

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

f o r   t he   t op   of  t h e   r e a c t o r .   A  s e n s o r   d e t e c t s  

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

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

c o n d i t i o n s   a t   t h e   s e t   p o i n t .   Thus  as  r e a c t o r   t o p  

t e m p e r a t u r e   t e n d s   to  r i s e ,   as  by  i n c r e a s e   in  f e e d  

p r e h e a t ,   t h e   c o n t r o l   moves  t h e   c a t a l y s t   r e c y c l e   v a l v e  

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

s u p p l y   to  t h e   r i s e r .   As  w i l l   be  i m m e d i a t e l y   a p p a r e n t ,  

t h i s   a c t i o n   r e d u c e s   t h e   c a t a l y s t / o i l   r a t i o   in  t h e  

r e a c t o r   and  has   t h e   e x p e c t e d   r e s u l t   or  r e d u c i n g  

c o n v e r s i o n   of  t h e   c h a r g e .   P a s t   e x p e r i e n c e   has   been   a  

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

c h a r g e .  

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

m u l t i p l e   i n j e c t i o n   n o z z l e s   i s   f o u n d   to   f o l l o w   t h e   u s u a l  

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

on  i n c r e a i n g   f e e d   p r e h e a t   o v e r   a  p a r t   of  t he   r a n g e  

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

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

a c c o m p a n i e d   by  r e d u c t i o n   in   o c t a n e   number   of  t h e  

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

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

the   e x p e n s e   of  l o w e r   o c t a n e   n u m b e r .  

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



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

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

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

n o z z l e s .   A l t e r n a t i v e l y ,   o c t a n e   number   may  be  e n h a n c e d  

by  r e d u c i n g   f e e d   p r e h e a t   in  s u c h   s y s t e m s .  

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

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

h e r e i n a f t e r   w i t h   r e f e r e n c e   to  t h e   a n n e x e d   d r a w i n g s  

w h e r e i n :  

F i g . 1   i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  a  

c o n t r o l   s y s t e m   f o r   a  r i s e r   t y p e   FCC  U n i t ;  

F i g . 2   i s   a  d i a g r a m m a t i c   s k e t c h   in   e l e v a t i o n   o f  

a  r i s e r   c o n v e r s i o n   zone   t e r m i n a t i n g   in   an  e n l a r g e d  

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

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

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

w i t h d r a w i n g   f rom  t he   s t r i p p i n g   z o n e ;  

F i g . 3   i s   a  d i a g r a m m a t i c   s k e t c h   of  t h e   b o t t o m  

p o r t i o n   of  t h e   r i s e r   c o n v e r s i o n   zone   w i t h   p i p e   means   f o r  

c o n t a c t i n g   r e a c t a n t   fed   w i t h   c a t a l y s t   p a r t i c l e s ;  

F i g . 4   i s   a  c r o s s - s e c t i o n a l   v iew  of  t h e   p i p e  
n o z z l e   a r r a n g e m e n t   shown  in  e l e v a t i o n   in   F i g . 2 ;   a n d  

F i g .   5  i s   a  g r a p h   d e p i c t i n g   t h e   e f f e c t   o f  

number   of  n o z z l e s   on  t h e   a v e r a g e   c a t a l y s t   c o n c e n t r a t i o n  

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

A  c o n v e n t i o n a l   c o n t r o l   s cheme   f o r   a  r i s e r  

r e a c t o r   FCC  Un i t   i s   i l l u s t r a t e d   in  F i g .   1.  In  F i g .   1  t h e  

o i l   f e e d ,   w h i c h   may  be  p r e h e a t e d   by  t h e   h e a t e r   2  i s  



p a s s e d   v i a   l i n e   1  to   t h e   l o w e r   end  of  r i s e r   p i p e   3 .  

H e a t e d   c a t a l y s t   f rom  a  s t a n d - p i p e   4  h a v i n g   a  c o n t r o l  

v a l v e   5  i s   c o m b i n e d   w i t h   t h e   h e a t e d   o i l   in  t h e   r i s e r   3 

such   t h a t   an  o i l - c a t a l y s t   m i x t u r e   r i s e s   in  an  a s c e n d i n g  

d i s p e r s e d   s t r e a m   u n t i l   i t   i s   d i s c h a r g e d   i n t o   r e a c t o r   6 

w h e r e i n   c a t a l y s t   i s   s e p a r a t e d   as  a  d e n s e   bed  7.  In  t h e  

r e a c t o r   6,  t h e e   may  be  o t h e r   f l u i d i z e d   c o n t a c t i n g  

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

r e l a t i v e l y   d e n s e   f l u i d i z e d   bed  7.  G e n e r a l l y ,   a  m a j o r  

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

w i t h   t he   c a t a l y s t   t a k e s   p l a c e   in  r i s e r   3.  Any  c a t a l y s t  

p a r t i c l e s   r e m a i n i n g   s u s p e n d e d   in  t he   v a p o r o u s   c r a c k e d  

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

r e a c t o r   6  by  c e n t r i f u g a l   or  s e t l e r   t y p e   means  ( n o t   s h o w n  

in  F i g . 1 ) .   P r o d u c t s   a r e   t h e n   t r a n s f e r r e d   o v e r h e a d   v i a  

l i n e   8  to  a  p r o d u c t s   r e c o v e r y   s e c t i o n   ( n o t   shown)   w h i c h  

i n c l u d e s   a t   l e a s t   one  f r a c t i o n a t o r .   A  t e m p e r a t u r e  

s e n s i n g   means   9,  s u c h   as  a  t h e r m o c o u p l e ,   i s   p r o v i d e d   t o  

s e n s e   t h e   t e m p e r a t u r e   w i t h i n   r e a c t o r   6  and  to  p r o v i d e   a  

s i g n a l   to   t he   t e m p e r a t u r e   c o n t r o l l e r   10  i n d i c a t i v e   o f  

t h e   t e m p e r a t u r e   a t   t h e   top   of  t h e   r e a c t o r   6.  When  t h e  

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

p r e d e t e r m i n e d   t e m p e r a t u r e   d e f i n e d   by  t he   s e t   p o i n t   11  o f  

t he   t e m p e r a t u r e   c o n t r o l l e r   10,  t h e   t e m p e r a t u r e  

c o n t r o l l e r   p l a c e s   a  s i g n a l   on  a  l i n e   12  to  a d j u s t   t h e  

v a l v e   5  and  t h u s   a d j u s t   t he   t e m p e r a t u r e   of  t he   c a t a l y s t  

o i l   m i x t u r e   in  r i s e r   3  in  a  d i r e c t i o n   to  r e d u c e   t h e  

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

p r e d e t e r m i n e d   t e m p e r a t u r e   as  d e f i n e d   by  t he   s e t   p o i n t  

11  of  t he   c o n t r o l l e r   10.  G e n e r a l l y ,   i t   i s   h i g h l y  

d e s i r a b l e   to   m i n i m i z e   f l u c t u a t i o n s   of  t he   t e m p e r a t u r e  

w i t h i n   r e a c t o r   6  and  of  t he   p r o d u c t s   i s s u i n g   f rom  l i n e   8 

so  as  to  m i n i m i z e   d i s t u r b a n c e s   in  t h e   main  f r a c t i o n a t o r  

c o l u m n .   S p e n t   c a t a l y s t   f rom  t h e   bed  7  i s   c o n t i n u o u s l y  

p a s s e d   f rom  r e a c t o r   6  by  s p e n t   c a t a l y s t   t r a n s f e r   l i n e   13 

e q u i p p e d   w i t h   a  v a l v e   14,  and  is   p a s s e d   to   t he   l o w e r  



p o r t i o n   of   t h e   r e g e n e r a t o r   15  to   fo rm  a  r e l a t i v e l y   d e n s e  

bed  16.  Ai r   i s   p a s s e d   v i a   a i r   t r a n s f e r   l i n e   17  e q u i p p e d  

w i t h   a  c o n t r o l   v a l v e   18  to   t h e   r e g e n e r a t o r   15,  w h e r e   i t  

p a s s e s   t h r o u g h   d i s t r i b u t o r   g r i d   19  and  s e r v e s   t o  

m a i n t a i n   bed  16  in   a  f l u i d i z e d   s t a t e   and  to  p a s s  

c a t a l y s t   c o n t i n u o u s l y   t h r o u g h   t h e   r i s e r   20  as  a  d i l u t e  

p h a s e   21.  In  t h e   u p p e r   p o r t i o n   of  t h e   r e g e n e r a t o r   15 

f l u e   gas   i s   s e p a r a t e d   f rom  r e g e n e r a t e d   c a t a l y s t ,   a n d  

e x i s t s   v i a   l i n e   22.  R e g e n e r a t e d   c a t a l y s t   i s   s e p a r a t e d  

to  fo rm  a  r e l a t i v e l y   d e n s e   bed  23.   The  r e g e n e r a t d  

c a t a l y s t   bed  23  i s   a t   a  s u b s t a n t i a l l y   h i g h e r   t e m p e r a t u r e  

t h a n   t h e   s p e n t   c a t a l y s t   f rom  bed  7  by  v i r t u e   of   t h e   c o k e  

b u r n i n g   w h i c h   o c c u r s   in  t h e  r e g e n e r a t o r   15.  W i t h i n   t h e  

r e g e n e r a t o r   i t s e l f ,   bed  23  and  t h e   f l u e   gas  in   t h e  

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

p a r t i a l l y   r e g e n e r a t e d   c a t a l y s t   of  bed  16.  A  c o m p o s i t i o n  

s e n s o r   24,  w h i c h   i n d i c a t e s   t h e   c a r b o n   m o n o x i d e   a n d  

o x y g e n   c o n t e n t   of  t h e   f l u e   g a s ,   g e n e r a t e s   a  s i g n a l  

i n d i c a t i v e   of  t h a t   c o m p o s i t i o n .   V a l v e   18  i s   c o m m o n l y  

c o n t r o l l e d   by  o p e r a t o r   i n t e r v e n t i o n   to  c o n t r o l   t h e   f l o w  

of  a i r   and  t h u s   t h e   CO  and  o x y g e n   c o n t e n t   of  t h e   f l u e  

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

s e n s o r   24  i s   t r a n s m i t t e d   to  t h e   c o m p o s i t i o n   c o n t r o l l e r  

25.  C o n t r o l l e r   25,  e q u i p p e d   w i t h   s e t   p o i n t s   26,  p l a c e s  

a  s i g n a l   on  l i n e   27,   w h i c h   s i g n a l   i s   i n d i c a t i v e   of  t h e  

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

gas   f rom  t h e   s e t   p o i n t   26,  to   a d j u s t   t h e   c o n t r o l   v a l v e  

18  in  a  d i r e c t i o n   to   r e d u c e   t h e   d e v i a t i o n   of  t h e  

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

as  d e f i n e d   by  t h e   s e t   p o i n t   26.  In  g e n e r a l ,   t h e   s e t  

p o i n t   i s   a d j u s t e d   to  a  CO  c o n t e n t   l e s s   t h a n   2000  ppm  a n d  

t h e   f l u e   g a s ,   in  g e n e r a l ,   w i l l   c o n t a i n   a b o u t   2%  e x c e s s  

o x y g e n   g a s .   A l t h o u g h   no t   e x p l i c i t e l y   shown ,   v a l v e   14  i s  

u s u a l l y   c o u p l e d   w i t h   v a l v e   5  in  s u c h   a  m a n n e r   as  t o  

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

r e g e n e r a t o r   15  to  a m o u n t   of   c a t a l y s t   in  t h e   r e a c t o r   6 .  



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

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

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

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

r i s e r   c o n v e r s i o n   zone  u n d e r   c o n d i t i o n s   p r o m o t i n g   a  m o r e  

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

d i v i d e d   c a t a l y s t   p a r t i c l e s .   In  a  more  p a r t i c u l a r   a s p e c t  

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

m a n n e r   r e l i e d   upon  f o r   i n j e c t i n g   h y d r o c a r b o n  f e e d   i n t o   a  

s t r e a m   of  c a t a l y s t   p a r t i c l e s   to  form  a  s u s p e n s i o n   in  a  
r i s e r   c o n v e r s i o n   z o n e .  

The  c a t a l y t i c   c r a c k i n g   of  h y d r o c a r b o n s ,   s u c h  

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

t e m p e r a t u r e   w i t h i n   t he   r a n g e   of  9 0 0 o F .   up  to  a b o u t  

1 2 0 0 0 F .   w i t h   t h e   t e m p e r a t u r e   more  u s u a l l y   r e s t r i c t e d   t o  

l e s s   t h a n   1 1 0 0 o F .   O p e r a t i n g   p r e s s u r e s   w i t h i n   t h e   r a n g e  
of  a t m o s p h e r i c   up  to  100  p s i g   may  be  e m p l o y e d ,   i t   b e i n g  

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

c i r c u l a t i o n ,   p r o d u c t   and  r e a c t a n t   f l o w   w h i c h   w i l l  

c o n t r i b u t e   to  t he   o v e r a l l   e c o n o m i c s   of  the   o p e r a t i o n .  

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

i s   m ixed   w i t h   ho t   c a t a l y s t   p a r t i c l e s   in  t h e   b o t t o m   o f  

l o w e r   p o r t i o n   of  t he   r i s e r   to  form  a  s u s p e n s i o n   a t   a  

d e s i r e d   c r a c k i n g   t e m p e r a t u r e   and  t he   s u s p e n s i o n   i s  

p a s s e d   t h r o u g h   t he   r i s e r   c o n v e r s i o n   zone   u n d e r   s p a c e  

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

t i m e   in  t he   r i s e r   w i t h i n   t he   r a n g e   of  1  to  15  s e c o n d s  

and  more  u s u a l l y   l e s s   t h a n   a b o u t   10  s e c o n d s .   T h e  

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

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

d i s c h a r g e d   f rom  t he   r i s e r   i n t o   an  e n l a r g e d   zone   w h e r e i n  

s e p a r a t i o n   of  c a t a l y s t   p a r t i c l e s   f rom  g a s i f o r m   m a t e r i a l  

such   as  h y d r o c a r b o n   v a p o r s   i s   a c c o m p l i s h e d   by  a  

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

p a r t i c l e s   to  s e t t l e   o u t .   C y c l o n i c   s e p a r a t i n g   means  may  



a l s o   be  r e l i e d   upon  to   r emove   p a r t i c l e s   of   c a t a l y s t   f r o m  

v a p o r o u s   m a t e r i a l   no t   r e m o v e d   by  t h e   r e d u c e d   v e l o c i t y .  

The  h y d r o c a r b o n   v a p o r s   a r e   r e c o v e r e d   and  s e p a r a t e d   in   a  

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

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

s t r i p p e d   c a t a l y s t   may  be  p a s s e d   to  c a t a l y s t  

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

In  t he   o p e r a t i n g   c o n c e p t   of  t h i s   i n v e n t i o n   i t  

is   p r o p o s e d   to  i n j e c t   t he   h y d r o c a r b o n   r e a c t a n t   f e e d   t o  

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

p i p e   n o z z l e s   in  t he   l o w e r   p o r t i o n   of  the   r i s e r  

c o n v e r s i o n   z o n e .   The  u p p e r   ends   of  t h e   p i p e   n o z z l e s   a r e  

p r e f e r a b l y   at   l e a s t   a b o v e   t he   p o i n t   of  i n t e r s e c t i o n   o f  

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

t h a t   of  t he   r i s e r   c o n v e r s i o n   z o n e .   In  one  a r r a n g e m e n t  

t he   number   and  p o s i t i o n   of  t he   p i p e   n o z z l e s   w i t h   r e s p e c t  

to  one  a n o t h e r   i s   such   t h a t   e a c h   n o z z l e   i s   r e l a t e d   t o  

s u b s t a n t i a l l y   an  e q u a l   c r o s s - s e c t i o n a l   a r e a   of  t h e   r i s e r  

c o n v e r s i o n   z o n e .   In  s u c h   an  a r r a n g e m e n t ,   t h e r e   a r e   a t  

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

a r e a   of  t he   r i s e r   and  p r e f e r a b l y   t h e r e   a r e   t  l e a s t   7 

n o z z l e s   d i s t r i b u t e d   in  t h e   r i s e r   c r o s s - s e c t i o n .   In  y e t  
a n o t h e r   e m b o d i m e n t ,   i t   i s   d e s i r a b l e   to  l o c a t e   a  m a j o r i t y  

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

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

a r e a   w i t h   t h e   a r e a   of  t h e   r i n g   b e i n g   c o n c e n t r i c a l l y  
l o c a t e d   and  e n c o m p a s s i n g   a t   l e a s t   65%  of  t he   r i s e r   c r o s s  

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

t h e r e   a r e   a t   l e a s t   s e v e n   p i p e   n o z z l e s   t e r m i n a t i n g   f rom  a  

s i n g l e   o i l   f e e d   i n l e t   c o n d u i t ,   a t   l e a s t   6  of  t h e   p i p e  
n o z z l e s   form  a  r i n g   s p a c e d   i n w a r d l y   f rom  t h e   r i s e r   w a l l  

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

the   r i n g   c o m p r i s i n g   t h e   s i x   n o z z l e s   w i l l   o c c u p y   an  a r e a  

w h i c h   i s   a t   l e a s t   70%  of  t h e   r i s e r   c r o s s - s e c t i o n a l   a r e a .  



R e f e r r i n g   now  to  F i g .   2,  t h e r e   i s   s h o w n  

d i a g r a m a t i c a l l y   a  r i s e r   c o n v e r s i o n   zone   32,  c o n d u i t  

means   34  f o r   i n t r o d u c i n g   c a t a l y s t   to  t h e   b o t t o m   l o w e r  

p o r t i o n   of  r i s e r   32,  a  s e p a r a t i o n   zone   36  p r o v i d e d   w i t h  

a  c a t a l y s t   s t r i p p i n g   zone   38  in   t he   l o w e r   p o r t i o n   t h e e o f  

and  s p e n t   c a t a l y s t   w i t h d r a w a l   c o n d u i t   40.  H y d r o c a r b o n  

f e e d   i n t r o d u c e d   to  t h e   b o t t o m   of  t h e   r i s e r   32  by  c o n d u i t  

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

d i s t r i b u t i n g   p i p e s   44  open   at   t h e i r   u p p e r   end  to  f o r m  

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

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

34  a t   an  e l e v a t e d   c r a c k i n g   t e m p e r a t u r e   of  a t   l e a s t  

9 0 0 o F .   A  s u s p e n s i o n   i s   f o r m e d   w i t h   t he   d i s p e r s e d   a n d  

v a p o r i z e d   o i l   and  c a t a l y s t   wh ich   i s   t h e n   moved  u n d e r  

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

In  t he   a r r a n g e m e n t   of  F i g .   2,  t he   s u s p e n s i o n   p a s s i n g  

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

o p e n i n g s   46  in  t he   u p p e r   e x t r e m e   p e r i p h e r y   of  t he   r i s e r  

32  and  i n t o   t he   e n l a r g e d   s e p a r a t i o n   zone  a b o v e   a  d e n s e  

f l u i d   bed  of  c a t a l y s t   48.   V a p o r o u s   p r o d u c t s   o f  

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

s e p a r a t o r s   50  p r o v i d e d   w i t h   c a t a l y s t   d i p l e g s   52.  I n  

s e p a r a t o r   50,  e n t r a i n e d   c a t a l y s t   p a r t i c l e s   a r e   s e p a r a t e d  
f rom  v a p o r o u s   m a t e r i a l   f o r   r e t u r n   by  d i p l e g   52  to  b e d  

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

54  to  c h a m b e r   56  f o r   w i t h d r a w a l   by  c o n d u i t   5 8 .  

S t r i p p i n g   gas  such   as  s t e a m   is   i n t r o d u c e d   to  t h e   b o t t o m  

of  bed  38  by  c o n d u i t   60  and  s t r i p p e d   c a t a l y s t   i s   r e m o v e d  

t h e r e f r o m   by  c o n d u i t   40  f o r   t r a n s f e r   to  a  c a t a l y s t  

r e g e n e r a t i o n   zone  shown  in  F i g . 1 .  

F i g . 3   shows  in  g r e a t e r   d e t a i l   t he   b o t t o m  

p o r t i o n   of  r i s e r   32  and  t he   m u l t i p l e   p i p e   i n l e t   f o r  

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

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

r i s e r   32.  F i g . 4 ,   on  t h e   o t h e r   h a n d ,   shows  a  



c r o s s - s e c t i o n a l   v i ew   4-4   of   t he   p i p e   a r r a n g e m e n t   of   F i g .  

3  w i t h   open  end  n o z z l e s   f o r   i n j e c t i n g   h y d r o c a r b o n   f e e d  

i n t o   t h e   c a t a l y s t .   The  c i r c l e   of  p i p e s   44  p r e f e r a b l y  

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

l e a s t   70%  of  t h e   r i s e r   c r o s s - s e c t i o n a l   a r e a .   Such  a n  

a r r a n g e m e n t   has   been   f o u n d   to  p r o v i d e   a  more  u n i f o r m  

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

t h a n   5  or  l e s s   f e e d   i n j e c t i o n   p i p e s   as  d e p i c t e d   by  t h e  

c u r v e   of  F i g .   5.  The  g r a p h   of  F i g .   5  shows  t h e   i m p r o v e d  

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

p i p e   n o z z l e   a r r a n g e m e n t   s u c h   as  shown  in   F i g s .   3  and  4 .  

L e v e l   1  r e f e r r e d   to  in  t he   g r a p h   r e l a t e s   t o  m e a s u r e m e n t s  

t a k e n   a b o u t   4  f e e t   a b o v e   t h e   o u t l e t   of  t h e   p i p e   n o z z l e s .  

I t   i s   c l e a r   f rom  t h e   g r a p h   t h a t   t h e   s e v e n   p i p e   f e e d  

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

much  b e t t e r   t h a n   a  1  or  3  p i p e   n o z z l e   i n l e t   a r r a n g e m e n t .  

The  e f f e c t   of  t h e   m u l t i - n o z z l e   i n j e c t i o n  
d e v i c e   and  r e s p o n s e   of  a  u n i t   so  e q u i p p e d   have   b e e n  

c o n f i r m e d   by  s u r v e y s   c o n d u c t e d   on  a  c o m m e r c i a l   FCC  U n i t  

h a v i n g   a  s e v e n   n o z z l e   i n j e c t i o n   c o n f o r m i n g   to  t h a t  s h o w n  

in  F i g s .   2  -   4.  In  c o m m e r c i a l   p r a c t i c e   i t   b e c o m e s  

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

p r e c i s e l y   t h e   same  c h a r g e   s t o c k   and  c a t a l y s t ,   b e c a u s e  

t he   c h a r a c t e r   of  t he   c a t a l y s t   c h a n g e s   w i t h   t i m e   o n  

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

m a k e - u p   and  b e c a u s e   t h e   c r u d e   a v a i l a b l e   to  a  r e f i n e r y  

c h a n g e s   a t   v e r y   s h o r t   i n t e r v a l s .   I t   t h u s   b e c o m e s  

n e c e s s a r y   to  a d j u s t   raw  s u r v e y   d a t a   to   c o m p e n s a t e   f o r  

d i f f e r e n c e s   in  c h a r g e   s t o c k   and  c a t a l y s t .   The  d a t a   h e r e  

r e p o r t e d   have   been   so  a d j u s t e d   by  a p p l i c a t i o n   of  f a c t o r s  

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

b a s e d   on  p i l o t   p l a n t   and  c o m m e r c i a l   d a t a .   The  

c o n c l u s i o n s   s t a t e d   a r e   p r e d i c t e d   on  t h a t   a d j u s t e d   d a t a .  

The  s u r v e y s   have   d e m o n s t r a t e d   t h a t   t he   s e v e n  



n o z z l e   m i x e r   i n c r e a s e d   g a s o l i n e   y i e l d   by  2.1  v o l u m e  

p e r c e n t   and  d e c r e a s e d   R e s e a r c h   O c t a n e   Number  w i t h o u t  

l e a d   by  1.1  a t   e q u a l   c o n v e r s i o n .   P e r t i n e n t   c h a n g e s   i n  

o p e r a t i o n   a t t r i b u t e d   to  t he   m u l t i - n o z z l e   d e v i c e ,  

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

f o l l o w s :  

T h r e e   s u r v e y s   of  t he   c o m m e r c i a l   u n i t   e q u i p p e d  

w i t h   s e v e n   n o z z l e   i n j e c t o r   have   been  c o n d u c t e d   t o  

e v a l u a t e   t he   e f f e c t   of  f e e d   p r e h e a t .  

A  c o m p a r i s o n   of  t he   s u r v e y   r e s u l t s ,   a d j u s t e d  

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

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

shown  b e l o w :  

A l t h o u g h   t he   d i f f e r e n c e s   in  g a s o l i n e  

s e l e c t i v i t y   shown  in  t he   above   t a b l e   f o r   the   t h r e e  

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

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

a t t r i b u t e d   to  v a r i a t i o n s   among  t h e   s u r v e y s   i n  



c o n v e r s i o n   l e v e l ,   and  t h e   l e v e l   of  c a r b o n   o n  

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

s e l e c t i v i t y .   The  e f f e c t   of   c o n v e r s i o n   can  be  a c c o u n t e d  

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

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

t h r o u g h   each   p o i n t   r e p r e s e n t i n g   t h e   t y p i c a l   g a s o l i n e  

y i e l d   v e r s u s   c o n v e r s i o n   s l o p e   f o r   t h e   U n i t .   Even  a f t e r  

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

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

t e m p e r a t u r e .  

H o w e v e r ,   a  b e t t e r   m e t h o d   of  d e t e r m i n i n g   t h e  

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

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

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

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

u s e d   in  a  m a t h e m a t i c a l   mode l   s i m u l a t i o n   of  t h e   a c t u a l  

s u r v e y s .   For  e x a m p l e ,   in   s i m u l a t i n g   e a c h   s u r v e y   w i t h   a  

m o d e l ,   p r e d i c t e d   g a s o l i n e   y i e l d s   had  to  be  " t u n e d "  

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

r e s u l t i n g   a d j u s t m e n t   ( " g a s o l i n e   d e l t a " )   r e p r e s e n t s   t h e  

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

s u r v e y   f rom  t h e   i n h e r e n t   s e l e c t i v i t y   p r e d i c t e d   by  t h e  

mode l   f o r   t h a t   p a r t i c u l a r   o p e r a t i o n .   ( G e n e r a l l y ,   t h e  

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

in  c o m m e r c i a l   u n i t s   b e c a u s e   t h e   r e a c t i o n   k i n e t i c s   i n  

t h e   mode l   a r e   b a s e d   on  d a t a   f rom  h i g h l y   e f f i c i e n t   p i l o t  

u n i t s . )   A  c o m p a r i s o n   of  t h e   " g a s o l i n e   d e l t a "  

a d j u s t m e n t s   f o r   t he   t h r e e   s u r v e y s   shows  t h a t   o b s e r v e d  

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

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

l e a s t   a t   t h e   h i g h e s t   f e e d   p r e h e a t .   The  i n c r e a s e   i n  

s e l e c t i v i t y   i s   g r e a t e r   f rom  2 6 0 o F .   to   4 0 0 0 F .   a n d  

a p p e a r s   to  l e v e l   ou t   b e t w e e n   4 0 0 ° F .   and  5 0 0 ° F .   T h i s  

i n d i c a t e s   t h a t   t he   c o m m e r c i a l   u n i t ' s   g a s o l i n e  

s e l e c t i v i t y   no t   o n l y   i n c r e a s e s   as  f e e d   p r e h e a t  



t e m p e r a t u r e   i n c r e a s e s ,   bu t   a p p r o a c h e s   t he   i n h e r e n t  

s e l e c t i v i t y   p r e d i c t e d   by  t he   mode l   a t   h i g h   f e e d   p r e h e a t  

t e m p e r a t u r e s .   In  o t h e r   w o r d s ,   a t   low  p r e h e a t  

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

n o n - o p t i m u m   bu t   t h a t   a t   h i g h e r   f e e d   t e m p e r a t u r e s   i t  

b e g i n s   to  r e s e m b l e   t he   more  e f f i c i e n t   p i l o t   p l a n t  

o p e r a t i o n .  

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

s u r v e y s   a r e   r e p o r t e d   in  T a b l e   1 .  





T a b l e   1  shows  t h e   a c t u a l   r e a c t o r   e f f l u e n t  

y i e l d s   f o r   t he   t h r e e   s u r v e y s .   B e f o r e   t he   s u r v e y s   can  b e  

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

had  to  be  a d j u s t e d   to   t h e   same  f e e d s t o c k ,   c a t a l y s t ,   a n d  

o p e r a t i n g   c o n d i t i o n s ,   ( e x c e p t   f o r   p r e h e a t   t e m p e r a t u r e ) .  

E l e c t i o n   was  made  to  a d j u s t   t he   two  e x t r e m e   p r e h e a t  

c a s e s   to  t he   m i d d l e   p r e h e a t   c a s e .   Once  the   t h r e e  

s u r v e y s   were   a d j u s t e d   to  t h e   same  b a s i s ,   any  r e m a i n i n g  

d i f f e r e n c e s   in  y i e l d s   b e t w e e n   them  c o u l d   be  a t t r i b u t e d  

to  t h e   c h a n g e s   in  f e e d   p r e h e a t   t e m p e r a t u r e .   These   f i n a l  

a d j u s t e d   s u r v e y   y i e l d s   a r e   shown  in  T a b l e   2 .  





A  c o m p a r i s o n   of  t he   a d j u s t e d   s u r v e y   r e s u l t s  

shows  t h a t   when  f e e d   p r e h e a t   on  t he   Un i t   i s   r e d u c e d   f r o m  

5 1 4 o F .   to   3 7 4 o F .   c o n v e r s i o n   i n c r e a s e   g r a d u a l l y   due  to  a n  

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

b a l a n c e   t h e   u n i t .   H o w e v e r ,   c o n t r a r y   to  e x p e c t a t i o n ,  

when  f e e d   p r e h e a t   i s   f u r t h e r   r e d u c e d   to  2 6 5 0 F .  

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

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

r a t i o .   G a s o l i n e   y i e l d ,   on  t h e   o t h e r   h a n d ,   i n c r e a s e s  

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

f rom  5 1 4 o F .   to  3 7 4 ° F .  ,   t h e n   d r o p s   even   more  s h a r p l y  

t h e n   c o n v e r s i o n   b e t w e e n   3 7 4 0 F .   and  2650F .   For  t he   s a m e  

t e m p e r a t u r e   c h a n g e ,   c o n v e r s i o n   d r o p p e d   1.5%  w h i c h   i s  

much  l e s s   t h a n   t h e   3.7%  g a s o l i n e   l o s s ,   s h o w i n g   a  l a r g e  
l o s s   in  s e l e c t i v i t y .  

Maximum  g a s o l i n e   s e l e c t i v i t y   i s   o b t a i n e d   a t  

t h e   h i g h e s t   f e e d   p r e h e a t   t e m p e r a t u r e ;   i t   d e c r e a s e s  

g r a d u a l l y   b e t w e e n   5 1 4 o F .   and  3 7 4 ° F .   and  t h e n   d e c r e a s e s  

s h a r p l y   b e t w e e n   3740F .   and  2 6 5 0 F .  

A l t h o u g h ,   at   t h i s   t i m e   no  o f f e r   can  be  made  o f  

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

f e l t   t h i s   i s   r e l a t e d   to  c h a n g e s   in  t h e   h e a t   and  m a s s  

t r a n s f e r   and  k i n e t i c   p r o c e s s e s ,   wh ich   o c c u r   a t   t h e  

b o t t o m   of  t he   r i s e r ,   as  f e e d   p r e h e a t   t e m p e r a t u r e   i s  

i n c r e a s e d .   T e m p e r a t u r e   t r a v e r s e s   of  t he   r i s e r ,   o b t a i n e d  

at   t he   Un i t   d u r i n g   the   s u r v e y s   a t   t he   t h r e e   d i f f e r e n t  

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

c h a n g e s   do  i n d e e d   t a k e   p l a c e   as  f e e d   p r e h e a t   i s  

i n c r e a s e d .   For  e x a m p l e ,   w h e r e a s   t he   c a l c u l a t e d   m i x  

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

t e m p e r a t u r e   o b s e r v e d   in  t he   t e m p e r a t u r e   t r a v e r s e s  

i n c r e a s e s   as  f e e d   p r e h e a t   t e m p e r a u r e   i s   r e d u c e d .   T h e  



d e v i a t i o n   b e t w e e n   t h e   a c t u a l   and  c a l c u l a t e d   m i x  

t e m p e r a t u r e s   i n c r e a s e s   f rom  0 ° F ,   a t   t h e   h i g h   f e e d  

p r e h e a t   c a s e   ( 5 1 4 ° F . )   to   850F .   a t   t h e   low  f e e d   p r e h e a t  

c a s e .  

At  t h e   low  f e e d   p r e h e a t   t e m p e r a t u r e   t h e  

d e v i a t i o n   b e t w e e n   a c t u a l   and  c a l c u l a t e d   mix  t e m p e r a t u r e  

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

d i f f e r e n t   c o m m e r c i a l   FCC  u n i t   e a r l i e r   ( 5 3 ° F . ) ,   w h i c h  

u n i t   had  a  s i n g l e   n o z z l e .   T h i s   i m p l i e s   t h a t   as  f e e d  

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

i n j e c t i o n   s y s t e m   i s   b e h a v i n g   l i k e   a  s i n g l e   n o z z l e  

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

c a u s i n g   t h i s   mix  t e m p e r a t u r e  d i f f e r e n c e  

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

i n v e n t i o n   w i l l   g e n e r a l l y   be  a b o v e   4 7 5 0 F ,   p r e f e r a b l y  

a b o u t   5 0 0 o F .   or  h i g h e r ,   up  to  a b o u t   7 5 0 - 8 0 0 ° F .  



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

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

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

e n d o t h e r m i c   h e a t   o f   c r a c k i n g   a n d   h e a t   t o   b r i n g   s a i d   f e e d  

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

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

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

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

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

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

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

p r e d e t e r m i n e d   t e m p e r a t u r e   a t   a  p r e d e t e r m i n e d   p o i n t   i n  

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

g r e a t e r   t h a n   4 7 5 ° F .   b e f o r e   d i s p e r s i n g   t h e r e i n   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 .  

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

s a i d   f e e d   i s   p r e h e a t e d   t o   a  t e m p e r a t u r e   g r e a t e r   t h a n  

a b p u t   5 0 0 o F .  

3.  A  p r o c e s s   a c c o r d i n g   t o   c l a i m   1  o r   c l a i m   2  

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

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

n o z z l e .  
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