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@  Gasoline  octane  enhancement  in  fluid  catalytic  cracking  process  witn  spilt  reea  injection  io  riser  reacior. 

@  A  fluid  catalytic  cracking  unit  equipped  with  multiple  feed 
injection  points  along  the  length  of  the  riser  is  operated  such 
that  portions  of  the  same  fresh  feed  are  charged  to  different 
feed  injection  points.  Preferably,  the  hydrocarbon  fresh  feed 
can  be  split  into  two  or  more  non-distinct  fractions,  with  one 
fraction  charged  to  the  bottom  injection  point  along  the  length 
of  the  riser  reactor,  and  the  remaining  fractions  charged  to  in- 
jection  points  progressively  higher  up  along  the  length  of  the 
riser  reactor.  Unconverted  slurry  oil  boiling  above  650°F  can 
be  recycled  to  one  or  more  of  the  various  injection  points 

^   along  the  length  of  the  riser.  Steam  in  excess  of  levels  typically ™  employed  for  dispersion  is  used  at  the  bottom  of  the  riser  to 
-  help  lift  the  regenerated  catalyst.  Other  inert  gases  can  be 
^   used  in  place  of,  or  in  conjunction  with,  steam  to  accomplish 
00  lifting  of  the  catalyst  in  the  riser. 
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GASOLINE  OCTANE  ENHANCEMENT  IN  FLUID 
CATALYTIC  CRACKING  PROCESS  WITH  SPLIT 

FEED  INJECTION  TO  RISER  REACTOR 

FIELD  OF  INVENTION 

The  i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  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 .   In  one  a s p e c t   the  i n v e n t i o n  

r e l a t e s   to  a  change  in  the  method  of  i n t r o d u c t i o n   of  t h e  
10 

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

o c t a n e   number  of  the  g a s o l i n e   p r o d u c e d   in  the  p r o c e s s .  

P a r t i c u l a r l y ,   the  i n v e n t i o n   r e l a t e s   to  s p l i t t i n g   t h e  

h y d r o c a r b o n   feed  and  c h a r g i n g   a  p o r t i o n   of  the  t o t a l   f e e d  

^   near   the  bot tom  of  an  e l o n g a t e d   r i s e r   r e a c t o r ,   and  t h e  

r e m a i n i n g   p o r t i o n s   p r o g r e s s i v e l y   f u r t h e r   up  the  r i s e r .  

BACKGROUND  OF  THE  INVENTION 
F e e d s t o c k s   c o n t a i n i n g   h i g h e r   m o l e c u l a r   w e i g h t  

h y d r o c a r b o n s   are  c r a c k e d   by  c o n t a c t i n g   the  f e e d s t o c k s  

under   e l e v a t e d   t e m p e r a t u r e s   with  a  c r a c k i n g   c a t a l y s t  
2.  U 

whereby  l i g h t   and  m i d d l e   d i s t i l l a t e s   are  p r o d u c e d .  

T y p i c a l l y ,   the  o c t a n e   number  of  the  l i g h t   d i s t i l l a t e   ( g a s -  

o l i n e )   is  d e p e n d e n t   upon  the  r i s e r   t e m p e r a t u r e ,   c o n v e r s i o n  

l e v e l   of  o p e r a t i o n   or  the  c a t a l y s t   t ype .   T h e r e f o r e ,   t o  

25  i n c r e a s e   the  o c t a n e   number  of  the  g a s o l i n e ,   c o n v e r s i o n   o f  

the  h y d r o c a r b o n   feed  to  l i g h t e r   p r o d u c t s   must  be  i n c r e a s e d  

by  p r e f e r a b l y   r a i s i n g   the  t e m p e r a t u r e   of  o p e r a t i o n ,   or  by 

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

o i l   r a t i o .   U n f o r t u n a t e l y ,   a  l i m i t   on  the  maximum  o p e r -  

)0  a t i n g   t e m p e r a t u r e   is  s e t   by  r e a c t o r   m e t a l l u r g y ,   g a s  

c o m p r e s s o r   c o n s t r a i n t   or  o t h e r   o p e r a t i n g   c o n s t r a i n t s .  

I n c r e a s i n g   c o n v e r s i o n   by  o t h e r   means  may  a l so   r e s u l t   i n  

poor  s e l e c t i v i t y   to  d e s i r e d   p r o d u c t s .   The  o c t a n e   number  

of  the  g a s o l i n e   may  be  i n c r e a s e d   by  s w i t c h i n g   from  a  c a t a -  

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

c o n t a i n i n g   u l t r a s t a b l e   Y  z e o l i t e   or  ZSM-5,  as  is  w e l l  

known  in  p r i o r   a r t ;   howeve r ,   such  a  s w i t c h   w i l l   g e n e r a l l y  

i n v o l v e   s u b s t a n t i a l l y   h i g h e r   c o s t s ,   be  time  consuming ,   and  

above  a l l ,   lead  to  s i g n i f i c a n t   r e d u c t i o n s   in  the  y i e l d   o f  

4Q  g a s o l i n e .  
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T h e r e f o r e ,   wi th   the  c u r r e n t   n a t i o n a l   emphas i s   on 
l e a d - f r e e   g a s o l i n e ,   and  the  need  for   i n c r e a s i n g   g a s o l i n e  
o c t a n e   number  by  means  o t h e r   than  the  a d d i t i o n   of  l e a d ,   i t  
is  d e s i r a b l e   to  have  a  m o d i f i e d   c r a c k i n g   p r o c e s s   a v a i l a b l e  

for   i n c r e a s i n g   the  o c t a n e   number  of  the  g a s o l i n e   w h i l e  

m i n i m i z i n g   the  d i s a d v a n t a g e s   a s s o c i a t e d   with  p r a c t i c e s  
d e s c r i b e d   in  the  p r i o r   a r t .  

I t   is  thus   one  o b j e c t   of  t h i s   i n v e n t i o n   t o  

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

o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e   a  p r o c e s s   f o r  

i n c r e a s i n g   the  o c t a n e   number  of  the  g a s o l i n e   from  t h e  

p r o c e s s .   A n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   is  to  a c h i e v e  

^5  the  i n c r e a s e   in  o c t a n e   number  of  the  g a s o l i n e   by  m o d i f y i n g  
the  method  of  i n t r o d u c t i o n   of  feed  to  the  r i s e r   r e a c t o r   i n  

a  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 .  
SUMMARY  OF  THE  INVENTION 

In  a c c o r d a n c e   with  t h i s   i n v e n t i o n ,   I  have  f o u n d  

2(j  t h a t   a  d e s i r a b l e   way  to  a d v a n t a g e o u s l y   i n c r e a s e   the  o c t a n e  
number  of  the  g a s o l i n e   p r o d u c e d   in  the  p r o c e s s   is  t o  

c h a r g e   some  of  the  f r e s h   h y d r o c a r b o n   feed  to  upper   i n j e c -  
t i o n   p o i n t s   a long   the  l e n g t h   of  the  r i s e r   whi le   c h a r g i n g   a  
m a j o r i t y   of-  the  f r e s h   feed  to  the  bo t tom  of  the  r i s e r .  

25  U.S.  P a t e n t   No.  3 , 6 1 7 , 4 9 7   t e a c h e s   s e g r e g a t i o n   o f  

h y d r o c a r b o n   f e e d s   to  a  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  
i n t o   low  and  high  b o i l i n g   f r a c t i o n s ,   and  c h a r g i n g   of  t h e  
d i f f e r e n t   f r a c t i o n s   at  d i f f e r e n t   l o c a t i o n s   a long  t h e  

l e n g t h   of  the  r i s e r   r e a c t o r   in  o r d e r   to  improve  the  y i e l d  

30  of  g a s o l i n e   from  the  p r o c e s s .   An  i m p o r t a n t   a s p e c t   of  t h e  

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

a c c o r d i n g   to  m o l e c u l a r   w e i g h t ,   b o i l i n g   range  or  any  o t h e r  

c r i t e r i o n   is  not  r e q u i r e d   to  a c h i e v e   the  g a s o l i n e   o c t a n e  
i m p r o v e m e n t s   a s s o c i a t e d   wi th   the  p r o c e s s   of  the  p r e s e n t  

35  i n v e n t i o n .   In  a c c o r d a n c e   wi th   the  p r o c e s s   of  the  p r e s e n t  
i n v e n t i o n ,   a  t y p i c a l ,   f u l l   b o i l i n g   range  h y d r o c a r b o n   f e e d  

to  a  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   can  be  s p l i t   i n t o  
two  or  more  n o n - d i s t i n c t   f r a c t i o n s ,   wi th   one  f r a c t i o n  

c h a r g e d   to  the  bo t tom  of  the  r i s e r   r e a c t o r ,   and  t h e  

40 
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r e m a i n i n g   f r a c t i o n s   c h a r g e d   to  upper   i n j e c t i o n   p o i n t s  

along  the  r i s e r ,   to  a c h i e v e   the  o c t a n e   i m p r o v e m e n t s .  
05  Thus,  c o s t l y   e q u i p m e n t   a s s o c i a t e d   with  s e g r e g a t i o n   o f  

h y d r o c a r b o n   feed  i n to   v a r i o u s   d i s t i n c t   f r a c t i o n s   i s  

a v o i d e d ,   and  s imple   p i p i n g   and  v a l v i n g   a r r a n g e m e n t s   w i l l  

p e r m i t   p r a c t i c i n g   of  the  t e a c h i n g s   of  the  p r e s e n t  
i  n v e n t i o n   . 

1°  The  d i s t r i b u t i o n   of  feed  be tween   lower   and  u p p e r  
i n j e c t i o n   p o i n t s   can  cover   a  wide  r a n g e ,   with  be tween   10 

and  90  volume  p e r c e n t   of  the  t o t a l   feed  c h a r g e d   to  b o t t o m  

i n j e c t o r ,   and  be tween   90  and  10  volume  p e r c e n t   of  t o t a l  

feed  c h a r g e d   to  upper   i n j e c t i o n   p o i n t s .   T y p i c a l   y i e l d  
s h i f t s   a s s o c i a t e d   with  the  p r o c e s s   of  the  p r e s e n t  

i n v e n t i o n ,   as  compared  to  p r i o r   a r t   p r a c t i c e s   of  c h a r g i n g  

a l l   the  feed  to  the  bot tom  i n j e c t o r   in  the  r i s e r ,   i n c l u d e :  

e q u i v a l e n t   or  h i g h e r   c o n v e r s i o n   of  the  h y d r o c a r b o n   feed  t o  

g a s o l i n e   and  l i g h t e r   c o m p o n e n t s ,   e q u i v a l e n t   or  lower  y i e l d  
20  of  g a s o l i n e ,   e q u i v a l e n t   or  h i g h e r   y i e l d   of  C3  and  C4 

o l e f i n s ,   and  e q u i v a l e n t   y i e l d s   of  coke  and  gas  m a k e .  

A l t h o u g h   the  y i e l d   of  g a s o l i n e   from  the  p r o c e s s   can  b e  

lower ,   the  o c t a n e   number  of  the  g a s o l i n e   w i l l   be  h i g h e r ,  

and  the  y i e l d   of  t o t a l   g a s o l i n e   ( g a s o l i n e   p lus   p o t e n t i a l  
2  ̂ a l k y l a t e   from  a l k y l a t i o n   of  the  C3  and  C4  o l e f i n s   from  t h e  

p r o c e s s )   w i l l   be  h i g h e r .  

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

when  a  m a j o r i t y   of  the  feed  is  c h a r g e d   to  upper   i n j e c t i o n  

p o i n t s ,   and  a  m i n o r i t y   to  the  bo t tom  i n j e c t o r   in  a c c o r d -  
i0  ance  with  the  p r e s e n t   i n v e n t i o n ,   maximum  improvemen t s   i n  

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

are  a c h i e v e d   when  a  m a j o r i t y   of  the  feed  is  c h a r g e d   to  t h e  

bot tom  i n j e c t o r .   Thus  a  p r e f e r r e d   embodiment   of  t h e  

p r e s e n t   i n v e n t i o n   is  a  m o d i f i e d   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   whe re in   the  h y d r o c a r b o n   feed  is  s p l i t   i n t o   s e v e r a l  

n o n - d i s t i n c t   f r a c t i o n s ,   and  a  major   p o r t i o n   of  the  feed  i s  

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

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

the  l e n g t h   of  the  r i s e r   r e a c t o r .   The  a d v a n t a g e s   a s s o c i -  
*°  a ted  with  p r a c t i c i n g   the  t e a c h i n g s   of  the  p r e s e n t  40 
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i n v e n t i o n   w i l l   become  c l e a r e r   upon  r e a d i n g   tne  e x a m p l e s  

which  are  to  f o l l o w .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

A  s u i t a b l e   r e a c t o r -   r e g e n e r a t o r   sys tem  t o r  

p e r f o r m i n g   t h i s   i n v e n t i o n   is  d e s c r i b e d   in  r e f e r e n c e   t o  

FIG.  1.  The  c r a c k i n g   o c c u r s   wi th   a  f l u i d i z e d   z e o l i t i c  

c a t a l y s t   in  an  e l o n g a t e d   r e a c t o r   tube   10,  which  i s  
0  r e f e r r e d   to  as  a  r i s e r .   The  r i s e r   has  a  l e n g t h   t o  

d i a m e t e r   r a t i o   of  above  20,  or  p r e f e r a b l y   above  2 5 .  

H y d r o c a r b o n   o i l   feed  in  l i n e   2  to  be  c r a c k e d   can  be  

c h a r g e d   d i r e c t l y   i n to   the  bot tom  of  the  r i s e r   t h r o u g h  

i n l e t   l i n e   14  or  i t   can  be  c h a r g e d   to  upper   i n j e c t i o n  
5  p o i n t s   in  the  r i s e r   t h r o u g h   l i n e s   30A,  30B,  or  30C  o r  

d i r e c t l y   i n to   the  r e a c t o r   v e s s e l   t h r o u g h   l i n e   30D.  S t e a m  

is  i n t r o d u c e d   i n to   the  lower  feed  i n j e c t i o n   p o i n t   t h r o u g h  

l i n e   18.  Steam  is  a l s o   i n t r o d u c e d   i n d e p e n d e n t l y   to  t h e  

bo t tom  of  the  r i s e r   t h r o u g h   l i n e   22  to  he lp   c a r r y   u p w a r d l y  
-°  i n t o   the  r i s e r   r e g e n e r a t e d   c a t a l y s t   which  f lows  to  t h e  

bo t tom  of  the  r i s e r   t h r o u g h   t r a n s f e r   l i n e   2 6 .  

Feed  to  the  upper   i n j e c t i o n   p o i n t s   is  i n t r o d u c e d  

at  abou t   a  45  d e g r e e   upward  ang le   i n t o   the  r i s e r   t h r o u g h  

l i n e s   30  and  32.  Steam  can  be  i n t r o d u c e d   in to   the  u p p e r  
i5  feed  i n j e c t i o n   i n l e t   l i n e s   t h r o u g h   l i n e s   34  and  36.  U p p e r  

h y d r o c a r b o n   feed  i n j e c t i o n   l i n e s   30  and  32  each  r e p r e s e n t  

a  p l u r a l i t y   of  s i m i l a r   l i n e s   spaced   c i r c u m f   e r e n t i a l l y   a t  

the  same  h e i g h t   of  the  r i s e r .   Any  r e c y c l e   h y d r o c a r b o n   c a n  

be  a d m i t t e d   to  the  lower   s e c t i o n   of  the  r i s e r   t h r o u g h   o n e  
J0  of  the  i n l e t   l i n e s   d e s i g n a t e d   as  20,  or  to  the  u p p e r  

s e c t i o n   of  the  r i s e r   t h r o u g h   one  of  the  l i n e s   d e s i g n a t e d  

as  38.  The  r e s i d e n c e   time  of  h y d r o c a r b o n   feed  in  t h e  

r i s e r   can  be  v a r i e d   by  v a r y i n g   the  amounts  or  p o s i t i o n s   o f  

i n t r o d u c t i o n   of  the  f e e d .  
■*̂>  The  f u l l   range  o i l   cha rge   to  be  c r a c k e d   in  t h e  

r i s e r   is  a  gas  o i l   hav ing   a  b o i l i n g   range   of  abou t   4 3 0 ° F  

to  1100°F.   The  f e e d s t o c k   to  be  c r a c k e d   can  a l so   i n c l u d e  

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

hav ing   a  b o i l i n g   range   of  900°F  to  1500  °F.  The  s t e a m  
*°  added  to  the  r i s e r   amounts   to  about   2  wt%  based  on  the  o i l  40 
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c h a r g e ,   but  the  amount  of  s team  can  vary  w i d e l y .   The 

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

c a t e   and  is  p r e f e r a b l y   added  to  the  bot tom  only  of  t h e  

r i s e r .   The  type  of  z e o l i t e   in  the  c a t a l y s t   can  be  a  r a r e  

e a r t h - e x c h a n g e d   X  or  Y,  hyd rogen   Y,  u l t r a s t a b l e   Y,  s u p e r -  
s t a b l e   Y  or  ZSM-5  or  any  o t h e r   z e o l i t e   t y p i c a l l y   e m p l o y e d  

in  the  c r a c k i n g   of  h y d r o c a r b o n s .   The  r i s e r   t e m p e r a t u r e  

10  range   is  p r e f e r a b l y   about   900°F  to  1100°F  and  i s  

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

from  the  r i s e r s   and  then  a d j u s t i n g   the  open ing   of  va lve   40 

by  means  of  t e m p e r a t u r e   c o n t r o l l e r   42  which  r e g u l a t e s   t h e  

i n f l o w   of  hot  r e g e n e r a t e d   c a t a l y s t   to  the  bot tom  of  t h e  

15  r i s e r .   The  t e m p e r a t u r e   of  the  r e g e n e r a t o r   c a t a l y s t   s h o u l d  

be  above  the  c o n t r o l   t e m p e r a t u r e   in  the  r i s e r   so  t h a t   t h e  

incoming  c a t a l y s t   c o n t r i b u t e s   hea t   to  the  c r a c k i n g  

r e a c t i o n .   The  r i s e r   p r e s s u r e   shou ld   be  be tween  abou t   10 

and  35  p s i g .   Between  about   0  and  10%  of  the  o i l   cha rge   t o  

20  the  r i s e r   is  r e c y c l e d   with  the  f r e s h   o i l   feed  to  t h e  

bo t tom  of  the  r i s e r .  

The  r e s i d e n c e   time  of  both   h y d r o c a r b o n   and  

c a t a l y s t   in  the  r i s e r   is  very  sma l l   and  p r e f e r a b l y   r a n g e s  
from  0.5  to  5  s e c o n d s .   The  v e l o c i t y   t h r o u g h o u t   the  r i s e r  

25  is  abou t   35  to  65  f e e t   per  second   and  is  s u f f i c i e n t l y   h i g h  

so  t h a t   t h e r e   is  l i t t l e   or  no  s l i p p a g e   be tween   the  h y d r o -  

ca rbon   and  c a t a l y s t   f l o w i n g   t h r o u g h   the  r i s e r .   T h e r e f o r e ,  

no  bed  of  c a t a l y s t   is  p e r m i t t e d   to  b u i l d   up  w i t h i n   t h e  

r i s e r ,   whereby  the  d e n s i t y   w i t h i n   the  r i s e r   is  very  l o w .  

30  The  d e n s i t y   w i t h i n   the  r i s e r   r a n g e s   from  a  maximum  o f  

about   4  pounds  per  cub ic   foo t   at  the  bo t tom  of  the  r i s e r  

and  d e c r e a s e s   to  about   2  pounds  per  cub ic   foo t   at  the  t o p  

of  the  r i s e r .   Since  no  dense   bed  of  c a t a l y s t   i s  

o r d i n a r i l y   p e r m i t t e d   to  b u i l d   up  w i t h i n   the  r i s e r ,   t h e  

35  space   v e l o c i t y   t h r o u g h   the  r i s e r   is  u s u a l l y   high  a n d  

r a n g e s   be tween  100  or  120  and  600  w e i g h t   of  h y d r o c a r b o n  

per  hour  per  i n s t a n t a n e o u s   we igh t   of  c a t a l y s t   in  t h e  

r e a c t o r .   No  s i g n i f i c a n t   c a t a l y s t   b u i l d u p   w i t h i n   t h e  

r e a c t o r   shou ld   be  p e r m i t t e d   to  occu r   and  the  i n s t a n t a n e o u s  

40  c a t a l y s t   i n v e n t o r y   w i t h i n   the  r i s e r   is  due  to  a  f l o w i n g  
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c a t a l y s t   to  o i l   w e i g h t   r a t i o   between  about   4:1  and  1 5 : 1 ,  
the  w e i g h t   r a t i o   c o r r e s p o n d i n g   to  the  feed  r a t i o .  

)5  The  h y d r o c a r b o n   and  c a t a l y s t   e x i t i n g   from  t h e  

top  of  each  r i s e r   is  pa s sed   in to   a  d i s e n g a g i n g   v e s s e l  

44.  The  top  of  the  r i s e r   is  capped  at  46  so  t h a t  

d i s c h a r g e   o c c u r s   t h r o u g h   l a t e r a l   s l o t s   50  for   p r o p e r  

d i s p e r s i o n .   An  i n s t a n t a n e o u s   s e p a r a t i o n   be tween   h y d r o -  

L0  c a r b o n   and  c a t a l y s t   o c c u r s   in  the  d i s e n g a g i n g   v e s s e l .   The 

h y d r o c a r b o n   which  s e p a r a t e s   from  the  c a t a l y s t   is  p r i m a r i l y  

g a s o l i n e   t o g e t h e r   wi th   m idd le   d i s t i l l a t e   and  h e a v i e r  

c o m p o n e n t s   and  some  l i g h t e r   ga seous   c o m p o n e n t s .   The 

h y d r o c a r b o n   e f f l u e n t   p a s s e s   t h r o u g h   c y c l o n e   sys t em  54  t o  

L5  s e p a r a t e   c a t a l y s t   f i n e s   c o n t a i n e d   t h e r e i n   and  i s  

d i s c h a r g e d   to  a  f r a c t i o n a t o r   t h r o u g h   l i n e   56.  The  c a t a -  

l y s t   s e p a r a t e d   from  h y d r o c a r b o n   in  d i s e n g a g e r   44  i m m e d i -  

a t e l y   d rops   below  the  o u t l e t s   of  the  r i s e r   so  t h a t   t h e r e  

is  no  c a t a l y s t   l e v e l   in  the  d i s e n g a g e r   but  only   in  a  l o w e r  

2q  s t r i p p e r   s e c t i o n   58.  Steam  is  i n t r o d u c e d   i n to   c a t a l y s t  

s t r i p p e r   s e c t i o n   58  t h r o u g h   s p a r g e r   60  to  remove  a n y  
e n t r a i n e d   h y d r o c a r b o n   in  the  c a t a l y s t .  

C a t a l y s t   l e a v i n g   s t r i p p e r   58  p a s s e s   t h r o u g h  

t r a n s f e r   l i n e   62  to  a  r e g e n e r a t o r   64.  This  c a t a l y s t  

25  c o n t a i n s   ca rbon   d e p o s i t s   which  tend  to  lower   i t s   c r a c k i n g  

a c t i v i t y   and  as  much  ca rbon   as  p o s s i b l e   must  be  b u r n e d  

from  the  s u r f a c e   of  the  c a t a l y s t .   The  b u r n i n g   i s  

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

l i n e   66  of  a p p r o x i m a t e l y   the  s t o i c h i o m e t r i c a l l y   r e q u i r e d  

30  amount  of  a i r   for   c o m b u s t i o n   of  the  c a rbon   d e p o s i t s .   The 

c a t a l y s t   from  the  s t r i p p e r   e n t e r s   the  bo t tom  s e c t i o n   o f  

the  r e g e n e r a t o r   in  a  r a d i a l   and  downward  d i r e c t i o n   t h r o u g h  

t r a n s f e r   l i n e   62.  Flue  gas  l e a v i n g   the  dense   c a t a l y s t   bed  

in  r e g e n e r a t o r   64  f lows   t h r o u g h   c y c l o n e s   72  w h e r e i n   c a t a -  

35  l y s t   f i n e s   are  s e p a r a t e d   from  f lue   gas  p e r m i t t i n g   the  f l u e  

gas  to  l e a v e   the  r e g e n e r a t o r   t h r o u g h   l i n e   74  and  p a s s  

t h r o u g h   a  t u r b i n e   76  b e f o r e   l e a v i n g   for   a  was te   h e a t  

b o i l e r ,   w h e r e i n   any  c a rbon   monoxide  c o n t a i n e d   in  the  f l u e  

gas  is  burned   to  c a rbon   d i o x i d e   to  a c c o m p l i s h   h e a t  

40  r e c o v e r y .   T u r b i n e   76  c o m p r e s s e s   a t m o s p h e r i c   a i r   in  a i r  
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c o m p r e s s o r   78  and  t h i s   a i r   is  cha rged   to  the  bot tom  of  t h e  

r e g e n e r a t o r   t h r o u g h   l i n e   66 .  
The  t e m p e r a t u r e   t h r o u g h o u t   the  dense   c a t a l y s t  

bed  in  the  r e g e n e r a t o r   is  about   1250°F.   The  t e m p e r a t u r e  
of  the  f lue   gas  l e a v i n g   the  top  of  the  c a t a l y s t   bed  in  t h e  

r e g e n e r a t o r   can  r i s e   due  to  a f t e r b u r n i n g   of  c a r b o n  
monoxide  to  carbon  d i o x i d e .   A p p r o x i m a t e l y   a  s t o i c h i o -  
m e t r i c   amount  of  oxygen  is  c h a r g e d   to  the  r e g e n e r a t o r   i n  
o r d e r   to  min imize   a f t e r b u r n i n g   of  ca rbon   monoxide  t o  
ca rbon   d i o x i d e   above  the  c a t a l y s t   bed,   t h e r e b y   a v o i d i n g  
i n j u r y   to  the  e q u i p m e n t ,   s i n c e   at  the  t e m p e r a t u r e   of  t h e  

r e g e n e r a t o r   f l ue   gas  some  a f t e r b u r n i n g   does  o c c u r .   I n  
o r d e r   to  p r e v e n t   e x c e s s i v e l y   high  t e m p e r a t u r e s   in  t h e  

r e g e n e r a t o r   f l ue   gas  due  to  a f t e r b u r n i n g ,   the  t e m p e r a t u r e  
of  the  r e g e n e r a t o r   f l ue   gas  is  c o n t r o l l e d   by  m e a s u r i n g   t h e  

t e m p e r a t u r e   of  the  f l u e   gas  e n t e r i n g   the  c y c l o n e s   and  t h e n  

v e n t i n g   some  of  the  p r e s s u r i z e d   a i r   o t h e r w i s e   d e s t i n e d   t o  
be  c h a r g e d   to  the  bot tom  of  the  r e g e n e r a t o r   t h r o u g h   v e n t  
l i n e   80  in  r e s p o n s e   to  t h i s   m e a s u r e m e n t .   A l t e r n a t i v e l y ,  
CO  o x i d a t i o n   p r o m o t e r s   can  be  e m p l o y e d ,   as  is  now  w e l l  
known  in  the  a r t ,   to  o x i d i z e   the  CO  c o m p l e t e l y   to  CO2  i n  
the  r e g e n e r a t o r   dense   bed  t h e r e b y   e l i m i n a t i n g   any  p r o b l e m s  
due  to  a f t e r b u r n i n g   in  the  d i l u t e   p h a s e .   With  c o m p l e t e   CO 
c o m b u s t i o n ,   r e g e n e r a t o r   t e m p e r a t u r e s   can  be  in  e x c e s s   o f  
1250°F  up  to  1500°F.  The  r e g e n e r a t o r   r e d u c e s   the  c a r b o n  
c o n t e n t   of  the  c a t a l y s t   from  abou t   1.0  wt%  to  0.2  wt%,  o r  
l e s s   for   the  maximum  g a s o l i n e   mode  of  o p e r a t i o n .   I f  
r e q u i r e d ,   s team  is  a v a i l a b l e   t h r o u g h   l i n e   82  for   c o o l i n g  
the  r e g e n e r a t o r .   Makeup  c a t a l y s t   may  be  added  to  t h e  
bot tom  of  the  r e g e n e r a t o r   t h r o u g h   l i n e   84.  Hopper  86  i s  

d i s p o s e d   at  the  bot tom  of  the  r e g e n e r a t o r   for   r e c e i v i n g  
r e g e n e r a t e d   c a t a l y s t   to  be  p a s s e d   to  the  bo t tom  of  t h e  
r e a c t o r   r i s e r   t h r o u g h   t r a n s f e r   l i n e   2 6 .  

40 
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TABLE  I  

FEEDSTOCK  INSPECTIONS 

10 

15 

20 

25 

D e s c r i p t i o n  

API  G r a v i t y  

S u l f u r :   Wt% 
N i t r o g e n :   Wt% 
Hydrogen :   Wt% 
Carbon  R e s i d u e :   Wt% 
A n i l i n e   P o i n t :   °F 
V i s c o s i t y   @  2 1 0 ° F  
Pour  P o i n t :   °F 
N i c k e l :   ppm 
Vanadium:  ppm 
D i s t i l l a t i o n :   D1160 

10% 
30% 
50% 
70% 
90% 
EP 

H y d r o c a r b o n   Types:   Mass  
Aroma  t i c s  

Mono 
Di 
T r i +  

S a t u r a t e s  
A l k a n e s  
C y c l o a l k a n e s  

P o l a r   Compounds 
I n s o l u b l e s  
V o l a t i l e s  

Spec ,  

Feed  1 

2 2 . 8  

1 . 8 9  
0 . 0 8 5  

1 1 . 9 8  
0 . 3 9  

1 7 2 . 4  
4 5 . 2  

+95 
0 . 3  
0 . 5  

666 
740 
791 
856 
943 

4 9 . 3  
2 1 . 6  
1 4 . 8  

7 . 0  
4 9 . 5  
1 8 . 5  
3 1 . 0  

1 . 2  

Feed  2 

2 6 . 7  

0 . 7 1  
0.  12 

1 . 7 4  
1 9 8 . 4  

4 . 9  
1 . 0  

573 
717 
811 
928 

1101 

30 

35 

EXAMPLES 
To  d e m o n s t r a t e   the  e f f i c a c y   of  my  i n v e n t i o n ,   a 

number  of  t e s t s   were  c o n d u c t e d   on  a  c i r c u l a t i n g   p i l o t  
p l a n t   of  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   u s i n g  
f e e d s t o c k s   d e s c r i b e d   in  Table   I .  

40 
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Example  i  

Table   II  p r e s e n t s   p i l o t   p l a n t   da t a   on  c r a c k i n g  
5  of  a  gas  o i l   feed  us ing   a  c o n v e n t i o n a l   r a r e   e a r t h -  

exchanged   Y  z e o l i t i c   c r a c k i n g   c a t a l y s t   in  the  p i l o t  

p l a n t .   Run  No.  1  i n v o l v e d   c h a r g i n g   of  a l l   the  f r e s h  

h y d r o c a r b o n   feed  to  the  bot tom  i n j e c t o r   in  the  p i l o t  

p l a n t .   In  Run  No.  2,  75  volume  p e r c e n t   of  the  f r e s h   f e e d  
0  was  cha rged   to  the  bo t tom  i n j e c t o r   and  the  r e m a i n i n g   25 

volume  p e r c e n t   was  c h a r g e d   to  an  i n j e c t i o n   p o i n t   h i g h e r   up 

in  the  r i s e r   r e a c t o r .   Comparing  the  r e s u l t s   from  Run 

No.  1  and  Run  No.  2,  i t   is  e v i d e n t   t h a t   the  y i e l d   of  t o t a l  

g a s o l i n e   p lus   a l k y l a t e ,   and  the  o c t a n e   numbers  ( b o t h  
5  r e s e a r c h   and  motor  o c t a n e   numbers)   of  the  g a s o l i n e   a r e  

s i g n i f i c a n t l y   h i g h e r   wi th   Run  No.  2  which  p r a c t i c e d   t h e  

t e a c h i n g s   of  the  p r e s e n t   i n v e n t i o n .   In  Run  No.  3,  only  25 

volume  p e r c e n t   of  the  f r e s h   feed  was  c h a r g e d   to  the  b o t t o m  

i n j e c t o r ,   with  the  r e m a i n i n g   75  volume  p e r c e n t   was  c h a r g e d  
!0  to  the  upper   i n j e c t i o n   p o i n t .   Comparing  the  r e s u l t s   o f  

Run  Nos.  1,  2  and  3,  i t   is  o b v i o u s   t h a t   whi le   r e s e a r c h  

o c t a n e   number  b e n e f i t s   are  a s s o c i a t e d   with  both   Run  Nos.  2 

and  3  compared  to  Run  No.  1,  the  t o t a l   y i e l d   of  g a s o l i n e ,  

and  the  motor   o c t a n e   number  of  the  g a s o l i n e   are  h i g h e s t  
!5  for  Run  No.  2.  Thus,  wh i l e   r e s e a r c h   o c t a n e   n u m b e r s  

i n c r e a s e   by  a p p a r e n t l y   the  same  e x t e n t   for   both   Run  Nos.  2 

and  3  compared  to  Run  No.  1,  b e s t   r e s u l t s   are  a c h i e v e d  

when  a  m a j o r i t y   of  the  feed  is  c h a r g e d   to  the  b o t t o m  

i n j e c t o r ,   as  in  the  case  of  Run  No.  2.  While  the  r e s e a r c h  
10  o c t a n e   number  i n c r e a s e   is  the  same  fo r   the  two  c a s e s  

i n v o l v i n g   s p l i t   feed  i n j e c t i o n   shown  in  Table   I I I   (Run 

Nos.  2  and  3),   i t   is  i m p o r t a n t   to  note  t h a t   m e c h a n i s m s  

i n v o l v e d   in  a c h i e v i n g   the  i n c r e a s e   are  d i f f e r e n t   in  t h e  

two  c a s e s .   As  shown  in  Table   I I ,   the  i n c r e a s e   in  r e s e a r c h  
,b  o c t a n e   number  for  Run  No.  2,  over   Run  No.  1,  comes  from  an  

i n c r e a s e   in  the  a r o m a t i c   c o n t e n t   of  the  g a s o l i n e ;   t h i s  

e x p l a i n s   why  the  motor  o c t a n e   number  is  a l so   h i g h e r   f o r  

Run  No.  2  over   Run  No.  1.  However,   compar ing   the  r e s u l t s  

of  Run  Nos.  1  and  3,  i t   is  o b v i o u s   t h a t   the  h i g h e r   r e s e a r c h  
10  o c t a n e   number  of  the  g a s o l i n e   for   Run  No.  3  is  due  to  t h e  

30 

35 

40 
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i n c r e a s e   in  the  o l e f i n i c   c o n t e n t   of  the  g a s o l i n e ,   not  t h e  

a r o m a t i c   c o n t e n t .   For  t hose   s k i l l e d   in  p r i o r   a r t ,   t h i s  

w i l l   a l s o   e x p l a i n   why  the  motor   o c t a n e   number  of  the  g a s o -  
l i n e   from  Run  No.  3  is  not  h i g h e r   than  t h a t   from  Run 

No.  1 .  

Example  I I  

Table  I I I   shows  p i l o t   p l a n t   da ta   on  a  h i g h  

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

exchanged   Y  z e o l i t e   and  the  ZSM-5  z e o l i t e .   Run  No.  4 

c o r r e s p o n d s   to  a  c o n v e n t i o n a l   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   w h e r e i n   a l l   the  f r e s h   feed  is  cha rged   to  t h e  

bo t tom  of  the  r i s e r   r e a c t o r .   In  Run  No.  5,  60  v o l u m e  

p e r c e n t   of  the  f r e s h   feed  is  c h a r g e d   to  the  bot tom  of  t h e  

r i s e r ,   and  the  r e m a i n i n g   40  volume  p e r c e n t   to  an  u p p e r  
i n j e c t i o n   p o i n t   a long  the  l e n g t h   of  the  r i s e r .   C o m p a r i n g  
the  r e s u l t s   from  the  two  r u n s ,   the  h i g h e r   o c t a n e   n u m b e r s  

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

Run  No.  5,  in  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n ,   a r e  
o b v i o u s   . 
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TABLE  I I  

U5 Run  NumDer 

1U 

C h a r g e s t o c k  
C a t a l y s t   C o n t a i n i n g  

O p e r a t i n g   C o n d i t i o n s  
R i s e r   O u t l e t   Temp.  ,  °F 
R i s e r   I n l e t   Temp.  ,  °F 
Volume  %  Feed  to  B o t t o m  

I n j e c t o r  
Volume  %  Feed  to  U p p e r  

I n j e c t o r  

C o n v e r s i o n :   Vol%  FF 

<  Feed  1  > 
C o n v e n t i o n a l   Rare  E a r t h  

<  Exchanged  Y  Z e o l i t e   > 

<- 
<- 

100 

0 

8 1 . 9  

•  980 
1200 

75 

25 

8 1 . 6  

25 

75 

7 8 . 7  

Vol%  FF 

Z^ 

P r o d u c t   Y i e l d s :   Vol% 
T o t a l   C3 

C3= 
T o t a l   C4 

i c 4  
C4  = 

C5-430°F  G a s o l i n e  
430-650°F   L i g h t  

C a t a l y t i c   Gas  O i l  
650°F+  Decan ted   O i l  
C3+  L i q u i d  
T o t a l   G a s o l i n e  

+  A l k y l a t e  

1 2 . 0  
1 0 . 1  
1 9 . 9  

6 . 1  
1 2 . 5  
6 3 . 1  

1 1 . 5  
6 . 6  

1 1 3 . 2  

1 0 3 . 1  

1 3 . 9  
1 1 . 7  
2 1 . 8  

6 . 6  
1 3 . 7  
5 9 . 9  

1 1 . 6  
6 . 8  

1 1 4 . 0  

1 0 4 . 8  

1 2 . 4  
1 0 . 5  
1 9 . 3  

5 . 3  
1 2 . 8  
5 9 . 6  

1 2 . 7  
8 . 6  

1 1 2 . 7  

1 0 0 . 7  

P r o d u c t   Y i e l d s :   Wt%  FF 
C2  and  L i g h t e r  
COKe 

G a s o l i n e  
API 
A r o m a t i c s :   Vol% 
O l e f i n s :   Vol% 
S a t u r a t e s :   Vol% 
Motor  Octane   C l e a r  
R e s e a r c h   Octane  C l e a r  

2 . 8  
5 . 6  

5 7 .  
2 7 .  
3 6 .  
3 5 .  
8 0 .  
9 3 .  

3 . 0  
5 . 6  

5 5 . 7  
3 1 . 1  
3 0 . 7  
3 8 . 3  
8 1 . 4  
9 5 . 1  

2 . 8  
5 . 3  

5 6 . 6  
26.  5 
4 0 . 2  
33.  3 
8 0 . 2  
9 5 . 2  
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tABLE  111 

55 Run  Number 

LO 

L5 

Z h a r g e s t o c k  

C a t a l y s t   C o n t a i n i n g  

D p e r a t i n g   C o n d i t i o n s  
R i s e r   O u t l e t   Temp.  ,  °F 
R i s e r   I n l e t   Temp.  ,  °F 
Volume  %  Feed  to  B o t t o m  

I n j e c t o r  
Volume  %  Feed  to  U p p e r  

I n j e c t o r  

C o n v e r s i o n :   Vol%  FF 

reea   j.  s 

C  ZSM-5  Z e o l i t e   > 

<  980  > 
<  1200  > 

1UU 

0 

7 2 . 8  

DU 

40 

7 5 . 4  

20 

25 

P r o d u c t   Y i e l d s :   Vol%  FF 
T o t a l   C3 

c3=  
T o t a l   C4 

iC4 
c4= 

C5-430°F  G a s o l i n e  
430 -650°F   L igh t   C a t a l y t i c  

Gas  O i l  
650  °F+  Decan ted   O i l  
C3+  L i q u i d  
T o t a l   G a s o l i n e   +  A l k y l a t e  

8 . 0  
1 5 . 6  

5 . 8  
a .  

5 2 .  

1 1 .  
15 .  

1 0 5 .  
9 9 .  

j  
6 

2 
2 
9 
4 

8 . 8  
1 7 . 5  

6 . 4  
9 . 3  

5 1 . 5  

1 0 . 5  
1 3 . 3  

1 0 5 . 2  
1 0 1 . 4  

P r o d u c t   Y i e l d s :   Wt% 
C2  and  L i g h t e r  
Coke  

Ft 
3 . 4  
6 . 0  5 . 9  

-*0  G a s o l i n e  
Motor  Oc tane   C l e a r  
R e s e a r c h   Octane  C l e a r  9 0 . 8  

ou  .  / 
9 3 . 3  

35 

40 
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Example  I I I  

In  t h i s   example ,   a  f e e d s t o c k   c o n t a i n i n g   a  h i g h  

b o i l i n g   r e s i d u a l   component   ( b o i l i n g   above  1000°F)  was  

c r a c k e d   over  c o n v e n t i o n a l   r a r e   e a r t h - e x c h a n g e d   Y  z e o l i t e  

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

p l a n t .   Again ,   Run  No.  6  c o r r e s p o n d s   to  a  c o n v e n t i o n a l  

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   w h e r e i n   a l l   the  f r e s h  

feed  is  cha rged   to  the  bot tom  of  the  r i s e r   r e a c t o r .   I n  

Run  No.  7,  40  volume  p e r c e n t   of  the  f r e s h   feed  was  c h a r g e d  

to  the  bot tom  of  the  r i s e r ,   and  the  r e m a i n i n g   60  v o l u m e  

p e r c e n t   to  an  upper   i n j e c t i o n   p o i n t   in  the  r i s e r .   In  Run 

No.  8,  60  volume  p e r c e n t   of  the  f r e s h   feed  was  c h a r g e d   t o  

the  bot tom  of  the  r i s e r   whi le   the  r e m a i n i n g   40  v o l u m e  

p e r c e n t   was  cha rged   to  the  upper   i n j e c t i o n   p o i n t .   I t   i s  

i m p o r t a n t   to  note  t h a t   in  a l l   of  the  c a s e s   d e s c r i b e d   i n  

Table   IV,  the  v a r i o u s   feed  f r a c t i o n s   were  i d e n t i c a l   i n  

q u a l i t y ,   in  o t h e r   words,   the  lower   and  upper   i n j e c t i o n  

f eeds   were  not  s e g r e g a t e d   a c c o r d i n g   to  m o l e c u l a r   we igh t   o r  

b o i l i n g   range  or  any  o t h e r   c r i t e r i o n .   Comparing  t h e  

r e s u l t s   in  the  t h r e e   columns  in  Tab le   IV,  the  a d v a n t a g e s  

a s s o c i a t e d   wi th   the  t e a c h i n g s   of  the  p r e s e n t   i n v e n t i o n ,  

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

to  the  bot tom  i n j e c t o r   as  in  the  case   of  Run  No.  8,  a r e  

o b v i o u s .  

30 

35 

40 
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TABLE  IV 

10 

05  Run  Number  6  7  8 

C h a r g e s t o c k   <  Feed  2  > 
C a t a l y s t   C o n t a i n i n g   Rare  E a r t h  

<  Exchanged  Y  Z e o l i t e   > 
O p e r a t i n g   C o n d i t i o n s  

R i s e r   O u t l e t   Temp.  ,  °F  <  980  > 
10  R i s e r   I n l e t   Temp.,   °F  <  1250  > 

Volume  %  Feed  to  B o t t o m  
I n j e c t o r   100  40  60 

Volume  %  Feed  to  Uppe r  
I n j e c t o r   0  60  40 

15  C o n v e r s i o n :   Vol%  FF  70.7  72.8  7 4 . 9  
P r o d u c t   Y i e l d s :   Vol%  FF 

T o t a l   C3  9.0  11.2  1 0 . 4  
C3=  7.6  9.4  9 . 1  

T o t a l   C4  13.8  16.0  1 6 . 7  
iC4  2.6  3.3  3 . 1  
C4=  10.4  11.7  1 2 . 6  

20  C5-430°F  G a s o l i n e   56.6  55.2  5 8 . 5  
430 -650°F   L i g h t  

C a t a l y t i c   Gas  Oil  18.0  16.8  1 5 . 0  
650°F+  Decan ted   Oil  11.3  10.4  1 0 . 2  
C3+  L i q u i d  

15 

25 

30 

T o t a l   G a s o l i n e  
+  A l k y l a t e   88.4  92.5  9 7 . 0  

P r o d u c t   Y i e l d s :   Wt%  FF 
C2  and  L i g h t e r   3.1  3.6  3 . 0  
Coke  4.2  4.3  4 . 2  

G a s o l i n e  
API  57.1  56.4  5 6 . 3  
A r o m a t i c s :   Vol%  23.5  24.7  2 4 . 4  
O l e f i n s :   Vol%  51.1  51.0  4 8 . 0  
S a t u r a t e s :   Vol%  25.3  24.3  2 7 . 6  
Motor  Octane  C l e a r   77.4  77.5  7 8 . 8  
R e s e a r c h   Octane  C lea r   91.4  92.4  9 2 . 4  

35 

40 
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c / .   »  i n s  

1.  A  p r o c e s s   for   the  c o n v e r s i o n   of  h y d r o c a r b o n   f e e d  
in  an  FCC  r i s e r   r e a c t o r   which  c o m p r i s e s :  

(a)  s p l i t t i n g   the  h y d r o c a r b o n   feed  and  i n j e c t i n g   a t  

a  p l u r a l i t y   of  p o s i t i o n s   a long  a  l e n g t h   of  s a id   FCC  r i s e r  

r e a c t o r ;  
(b)  s e l e c t i n g   the  number  of  feed  s p l i t s   and  

s e l e c t i n g   sa id   p o s i t i o n s   a long  sa id   l e n g t h   of  s a id   FCC 
r i s e r   r e a c t o r ,   to  maximize   the  o c t a n e   number  of  t h e  

g a s o l i n e ;  
(c)  r e c y c l i n g   r e g e n e r a t e d   c a t a l y s t   in to   the  b o t t o m  

of  s a id   FCC  r i s e r   r e a c t o r ;   a n d  

(d)  l i f t i n g   sa id   r e g e n e r a t e d   c a t a l y s t   up  sa id   FCC 
r i s e r   r e a c t o r   to  sa id   i n j e c t i o n   p o s i t i o n   of  s a id   h y d r o -  
ca rbon   o i l   feed  wi th   a  flow  of  c a t a l y t   i c a l l y   i n e r t   g a s .  

2.  The  p r o c e s s   of  Claim  1  w h e r e i n   10  to  90  vo lume  

p e r c e n t   of  the  t o t a l   feed  is  i n j e c t e d   to  the  bot tom  of  t h e  
r i s e r   r e a c t o r .  

3.  The  p r o c e s s   of  Claim  2  w h e r e i n   10  to  90  v o l u m e  

p e r c e n t   of  the  t o t a l   feed  is  i n j e c t e d   i n to   upper   i n j e c t i o n  

p o i n t s   a long  the  r i s e r .  

4.  The  p r o c e s s   of  Claim  1  w h e r e i n   one  of  the  u p p e r  
i n j e c t i o n   p o i n t s   is  l o c a t e d   in  the  r e a c t o r   or  s t r i p p e r  
v e s s e l   . 

5.  A  p r o c e s s   for   the  c o n v e r s i o n   of  h y d r o c a r b o n   f e e d  
in  an  FCC  r i s e r   r e a c t o r   which  c o m p r i s e s :  

(a)  i n j e c t i n g   sa id   h y d r o c a r b o n   feed  at  a  p l u r a l i t y  
of  p o s i t i o n s   a long  a  l e n g t h   of  s a i d   FCC  r i s e r   r e a c t o r ;  

(b)  a p p o r t i o n i n g   t h r o u g h p u t   t h r o u g h   sa id   p o s i t i o n  

along  sa id   l e n g t h   of  s a id   FCC  r i s e r   r e a c t o r   to  m a x i m i z e  

o c t a n e   number  of  the  g a s o l i n e ;  
(c)  r e c y c l i n g   r e g e n e r a t e d   c a t a l y s t   in to   the  b o t t o m  

of  s a id   FCC  r i s e r   r e a c t o r ;   and  
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(d)  l i f t i n g   sa id   r e g e n e r a t e d   c a t a l y s t   up  said  t e c  

r i s e r   r e a c t o r   to  s a id   i n j e c t i o n   p o s i t i o n   of  sa id   h y d r o -  

carbon   o i l   feed  wi th   a  flow  of  c a t a l y t i c a l l y   i n e r t   g a s .  

6.  The  p r o c e s s   of  Claim  5  which  f u r t h e r   c o m p r i s e s :  

r e c y c l i n g   u n c o n v e r t e d   s l u r r y   o i l   to  one  or  more  i n j e c t i o n  

p o s i t i o n s   a long  the  l e n g t h   of  the  r i s e r .  

7.  The  p r o c e s s   of  Claim  6  w h e r e i n   sa id   s l u r r y   o i l  

c o m p r i s e s   m a t e r i a l   b o i l i n g   above  6 5 0 ° F .  

8.  The  p r o c e s s   of  Claim  5  w h e r e i n   s a i d  

15  c a t a l y t i c a l l y   i n e r t   gas  is  s t e a m .  

9.  The  p r o c e s s   of  Claim  5  w h e r e i n   s a i d  

c a t a l y t i c a l l y   i n e r t   gas  is  r e c y c l e d   a b s o r b e r   g a s .  

LO 

20 10.  The  p r o c e s s   or  Claim  b  w n e r e m   s a i c  

c a t a l y t i c a l l y   i n e r t   gas  is  gas  s e l e c t e d   from  the  g r o u p  

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

m e t h a n e ,   e t h a n e ,   p r o p a n e ,   and  c o m b i n a t i o n s   t h e r e o f .  
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