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©  Combination  process  for  upgrading  residual  oils. 
A  combination  process  is  described  for  upgrading 

residual  oils  (2)  and  high  boiling  portions  thereof  comprising 
metal  contaminants  and  high  boiling  Conradson  carbon 
forming  compounds  comprising  a  thermal  visbreaking  op- 
eration  (7)  with  fluidizable  inert  solids  followed  by  a  fluidized 
zeolite  catalytic  cracking  operation  12  processing  demetal- 
lized  products  (8)  (10)  of  the  visbreaking  operation,  regener- 
ating  solid  particulate  of  each  operation  under  conditions  to 
provide  CO  rich  flue  gases  relied  upon  to  generate  steam 
used  in  each  of  the  fluidized  solids  conversion  operation  and 
downstream  product  separation  arrangements,  separating 
the  wet  gas  product  stream  of  each  operation  in  a  common 
product  recovery  arrangement  (22)  and  processing  the  high 
boiling  feed  product  of  visbreaking  comprising  up  to  100 
ppm  Ni  +  V  metal  contaminant  over  a  recycled  crystalline 
zeolite  cracking  catalyst  distributed  in  a  sorbent  matrix 
material  comprising  a  high  lever  of  Ni  +  V  metal  contami- 
nant. 





Crude  o i l   from  which  d e s i r e d   gaseous   and  l i q u i d   f ue l s   a r e  
made  c o n t a i n   a  d i v e r s e   mix tu re   of  h y d r o c a r b o n s   and  o t h e r  

compounds  which  vary  widely   in  m o l e c u l a r   weight   and  t h e r e -  
fore   b o i l   over  a  wide  range .   For  example,   crude  o i l s   a r e  
known  in  which  30  to  60%  or  more  of  the  t o t a l   volume  o f  
o i l   is  composed  of  compounds  b o i l i n g   at  t e m p e r a t u r e s   a b o v e  

650°F.  Among  t h e s e   are  c rudes   in  which  about  10%  to  a b o u t  
30%  or  more  of  the   t o t a l   volume  c o n s i s t s   of  compounds  so  
heavy  in  m o l e c u l a r   weight   t h a t   they  bo i l   above  l025°F  o r  
at  l e a s t   w i l l   not  b o i l   below  1025°F  at  a t m o s p h e r i c   p r e s s u r e .  

Because  t h e s e   high  b o i l i n g   components  of  crude  o i l   b o i l i n g  
above  650°F  are  u n s u i t a b l e   for   i n c l u s i o n   in  g a s o l i n e   and  

some  h i g h e r   b o i l i n g   l i q u i d   h y d r o c a r b o n   f u e l s ,   the  p e t r o l e u m  
r e f i n i n g   i n d u s t r y   has  deve loped   p r o c e s s e s   for  s e p a r a t i n g  
and /or   b r e a k i n g   the  mo lecu l e s   of  the  high  m o l e c u l a r   w e i g h t ,  
high  b o i l i n g   compounds  in to   s m a l l e r   m o l e c u l e s   which  do  b o i l  
over  an  a p p r o p r i a t e   b o i l i n g   range .   The  c r a c k i n g   p r o c e s s  
which  is  most  w ide ly   used  for  t h i s   purpose   is  known  as  f l u i d  

c a t a l y t i c   c r a c k i n g   (FCC).  Al though  the  FCC  p rocess   h a s  
reached   a  h i g h l y   advanced  s t a t e ,   and  many  modi f i ed   forms  and  
v a r i a t i o n s   have  been  deve loped ,   t h e i r   u n i f y i n g   f a c t o r   i s  
t h a t   a  r e s t r i c t e d   b o i l i n g   range  h y d r o c a r b o n   f e e d s t o c k   i s  
caused  to  be  c r a c k e d   at  an  e l e v a t e d   t e m p e r a t u r e ' i n   c o n t a c t  
with  a  c r a c k i n g   c a t a l y s t   t h a t   is  suspended   in  the  f e e d s t o c k  
under  c r a c k i n g   c o n d i t i o n s   in  a  t e m p e r a t u r e   range  of  950°  t o  
1100"F.  Upon  a t t a i n m e n t   of  a  d e s i r e d   degree   of  m o l e c u l a r  

weight   and  b o i l i n g   p o i n t   r e d u c t i o n   the  c a t a l y s t   is  s e p a r a t e d  
from  the  d e s i r e d   c a t a l y t i c   c o n v e r s i o n   p r o d u c t s .  

Crude  o i l s   in  the  n a t u r a l   s t a t e   c o n t a i n   a  v a r i e t y   of  m a t e r -  
i a l s   which  tend  to  have  qu i t e   t r o u b l e s o m e   e f f e c t s   on  FCC 



p r o c e s s e s ,   and  only  a  p o r t i o n   of  t hese   t r o u b l e s o m e   m a t e r i a l s  

can  be  e c o n o m i c a l l y   removed  from  the  crude  o i l .   Among  t h e s e  
t r o u b l e s o m e   m a t e r i a l s   are  coke  p r e c u r s o r s   (such  as  a s p h a l t -  

enes,   p o l y n u c l e a r   a r o m a t i c s ,   e t c . ) ,   heavy  me ta l s   (such  a s  
n i c k e l ,   vanadium,   i ron ,   copper  e t c . ) ,   l i g h t e r   me ta l s   ( s u c h  
as  sodium,  p o t a s s i u m ,   e t c . ) ,   s u l f u r ,   n i t r o g e n   and  o t h e r s .  
C e r t a i n   of  t h e s e ,   such  as  the  l i g h t e r   m e t a l s ,   can  be  e c o n o m i -  

c a l l y   removed  by  d e s a l t i n g   o p e r a t i o n s ,   which  are  pa r t   of  t h e  
normal  p r o c e d u r e   for  p r e t r e a t i n g   crude  o i l   for  f l u i d   c a t a l y t i c  
c r a c k i n g .   Other  m a t e r i a l s ,   such  as  coke  p r e c u r s o r s ,   a s p h a l t -  
enes  and  the  l i k e ,   tend  to  break  down  in to   coke  dur ing  t h e  

c r a c k i n g   o p e r a t i o n ,   which  coke  d e p o s i t s   on  the  c a t a l y s t ,  
i m p a i r i n g   c o n t a c t   between  the  h y d r o c a r b o n   f e e d s t o c k   and  t h e  

c a t a l y s t ,   and  g e n e r a l l y   reducing   i t s   po tency   or  a c t i v i t y  
l e v e l .   The  heavy  me ta l s   t r a n s f e r   a lmos t   q u a n t i t a t i v e l y  
from  the  f e e d s t o c k   to  the  c a t a l y s t   s u r f a c e .  

If  the  c a t a l y s t   is  r eused   again  and  again   for  p r o c e s s i n g  
a d d i t i o n a l   f e e d s t o c k ,   which  is  u s u a l l y   the  case ,   heavy  m e t a l s  
in  the  f e e d s t o c k   can  accumula te   on  the  c a t a l y s t   to  the  p o i n t  
t h a t   they  u n f a v o r a b l y   a l t e r   the  c o m p o s i t i o n   of  the  c a t a l y s t  
and /o r   the  n a t u r e   of  i t s   e f f e c t   upon  the  f e e d s t o c k .   F o r  

example,   vanadium  tends   to  form  f l u x e s   with  c e r t a i n  

components  of  commonly  used  FCC  c a t a l y s t s ,   lower ing   the  m e l t -  

ing  p o i n t   of  p o r t i o n s   of  the  c a t a l y s t   p a r t i c l e s   s u f f i c i e n t l y  
so  t h a t   they  begin   to  s i n t e r   and  become  i n e f f e c t i v e   c r a c k i n g  
c a t a l y s t s .   Accumula t i ons   of  vanadium  and  o the r   heavy  
m a t e r i a l s ,   e s p e c i a l l y   n i c k e l ,   a l so   "po ison"   the  c a t a l y s t .  
They  tend  in  v a r y i n g   degrees   to  promote  e x c e s s i v e   d e h y d r o -  
g e n a t i o n   and  a r o m a t i c   c o n d e n s a t i o n ,   r e s u l t i n g   in  e x c e s s i v e  
p r o d u c t i o n   of  carbon  and  gases  with  c o n s e q u e n t   impairment   o f  
l i q u i d   fue l   y i e l d .   An  o i l   such  as  a  crude  or  crude  f r a c t i o n  
or  o t h e r   o i l   t h a t   is  p a r t i c u l a r l y   abundant   in  n i c k e l   a n d / o r  
o t h e r   me ta l s   e x h i b i t i n g   s i m i l a r   b e h a v i o r ,   whi le   c o n t a i n i n g  
r e l a t i v e l y   l a r g e   q u a n t i t i e s   of  coke  p r e c u r s o r s ,   is  r e f e r r e d  
to  h e r e i n   as  a  c a r b o - m e t a l l i c   o i l ,   and  r e p r e s e n t s   a  
p a r t i c u l a r   c h a l l e n g e   to  the  p e t r o l e u m   r e f i n e r .  



There  has  been  a  long  s t a n d i n g   i n t e r e s t   in  the  c o n v e r s i o n  

of  c a r b o - m e t a l l i c   o i l s   in to   g a s o l i n e   and  other,   l i q u i d   f u e l s .  

For  example,   in  the  1950 's   i t   was  s u g g e s t e d   tha t   a  v a r i e t y  
of  c a r b o - m e t a l l i c   o i l s   could  be  s u c c e s s f u l l y   conve r t ed   t o  

g a s o l i n e   and  o t h e r   p roduc t s   in  the  Houdres id   p r o c e s s .   The 
Houdres id   p r o c e s s   employed  c a t a l y s t   p a r t i c l e s   of  " g r a n u l a r  
size"-  (much  l a r g e r   than  c o n v e n t i o n a l   FCC  c a t a l y s t   p a r t i c l e  
s ize)   in  a  compact  g r a v i t a t i n g   bed,  r a t h e r   than  s u s p e n d i n g  
c a t a l y s t   p a r t i c l e s   in  feed  and  p r o d u c t   vapors   in  a  f l u i d -  
ized  bed.  The  p r o d u c t i v i t y   of  the  p r o c e s s ,   compared  t o  
f l u i d   c a t a l y t i c   c r ack ing   with  l i g h t e r   gas  o i l s ,   was  low.  B u t  
the  Houdres id   p roces s   did  o f f e r   some  a d v a n t a g e s .   It  a p p e a r e d  
t h a t   the  adve r se   e f f e c t s   p r e v i o u s l y   e n c o u n t e r e d   with  h e a v y  
me ta l s   in  the  feed  were  not  as  g r e a t   a  b a r r i e r   in  t h e  
Houdres id   p r o c e s s   as  one  might  expec t   in  FCC  p r o c e s s i n g .  
The  heavy  metal   which  accumula t ed   on  or  near  the  ou t e r   s u r -  
faces   of  the  c a t a l y s t   p a r t i c l e s   a p p a r e n t l y   could  be  r emoved  
to  some  e x t e n t   by  an  a t t r i t i o n   p r o c e s s ,   which  s e l e c t i v e l y  
removed  an  o u t e r   l a y e r   of  m e t a l - c o n t a m i n a t e d   c a t a l y s t .   The 
c a t a l y s t s   were  very  cheap,  but  a l so   r e l a t i v e l y   i n a c t i v e ,  
h i g h l y   u n s u i t a b l e   by  t o d a y ' s   s t a n d a r d s .   While  the  maximum 
t o l e r a b l e   l i m i t   of  heavy  meta l   c o n t a m i n a t i o n   on  c a t a l y s t   i n  
f l u i d   c a t a l y t i c   c r ack ing   was  then  t hough t   to  be  about  200 

p a r t s   per  m i l l i o n ,   the  Houdres id   p r o c e s s   did  con t inue   t o  

o p e r a t e   s a t i s f a c t o r i l y   even  when  the  t o t a l   n i c k e l   p l u s  
vanadium  c o n t e n t   of  the  c a t a l y s t   had  reached   870  ppm.  More-  

over,   i t   was  found  t ha t   the  r e q u i r e d   l e v e l s   of  s e l e c t i v i t y  
could  be  m a i n t a i n e d   wi thou t   w i t h d r a w i n g   c a t a l y s t   from  t h e  

p r o c e s s ,   excep t   to  the  e x t e n t   t h a t   w i t h d r a w a l   was  r e q u i r e d  
by  normal  mechan i ca l   l o s s e s   ( e . g .   a t t r i t i o n   and  i n a d v e r t e n t  

d i s c h a r g e   with  off   gases)  and  by  the  a t t r i t i o n   used  to  c o n -  
t r o l   me ta l s   l e v e l .   Today  such  a t t r i t i o n   of  c a t a l y s t   to  f i n e  

p a r t i c u l a t e s   would  p r e s e n t   an  e x p e n s i v e   env i ronmen ta l   p r o b l e m ,  
thus  c o n s i d e r a b l y   i n c r e a s i n g   d i f f i c u l t i e s   involved   in  p r a c t i c -  
ing  the  p r o c e s s .  



Although  the  Houdres id   p roce s s   o b v i o u s l y   r e p r e s e n t e d   a 

s tep  forward   in  d e a l i n g   with  the  e f f e c t s   of  meta l   c o n t a m i -  

n a t i o n   and  coke  f o r m a t i o n   on  c a t a l y s t   pe r fo rmance ,   i t s  

p r o d u c t i v i t y   was  l i m i t e d .   Thus,  for  the  25  years   wh ich  
have  passed   s ince   the  Houdres id   process   was  f i r s t   i n t r o d u c e d  

c o m m e r c i a l l y ,   the  a r t   has  c o n t i n u e d   i t s   arduous  search  f o r  

s u i t a b l e   m o d i f i c a t i o n s   or  a l t e r n a t i v e s   to  the  FCC  p r o c e s s  
which  would  permi t   c o m m e r c i a l l y   s u c c e s f u l   o p e r a t i o n   on 
reduced  crude  and  the  l i k e .   During  th i s   p e r i o d   a  number  o f  

p r o p o s a l s   have  been  made;  some  have  been  used  c o m m e r c i a l l y  
to  a  c e r t a i n   e x t e n t .  

Seve ra l   p r o p o s a l s   i nvo lve   t r e a t i n g   a  heavy  o i l   feed  t o  

remove  the  meta l   t h e r e f r o m   p r i o r   to  c r a c k i n g ,   such  as  by 
h y d r o t r e a t i n g ,   s o l v e n t   e x t r a c t i o n   and  complexing  w i t h  
F r i e d e l - C r a f t s   c a t a l y s t s ,   but  these   t e c h n i q u e s   have  b e e n  
c r i t i c i z e d   as  u n j u s t i f i e d   e c o n o m i c a l l y .   Another   p r o p o s a l  
employs  a  combina t i on   c r a c k i n g   p roces s   having  " d i r t y   o i l "  
and  "c lean   o i l "   u n i t s .   S t i l l   ano the r   p r o p o s a l   b l e n d s  
r e s i d u a l   o i l   with  gas  o i l   and  c o n t r o l s   the  q u a n t i t y   o f  
r e s i d u a l   o i l   in  the  m i x t u r e   in  r e l a t i o n   to  the  e q u i l i b r i u m  
f l a s h   v a p o r i z a t i o n   t e m p e r a t u r e   at  the  bottom  of  the  r i s e r .  

type  c r a c k e r   u n i t   employed  in  the  p r o c e s s .   S t i l l   a n o t h e r  
p r o p o s a l   s u b j e c t s   the  feed  to  a  mild  p r e l i m i n a r y   h y d r o -  
c r a c k i n g   or  h y d r o t r e a t i n g   o p e r a t i o n   be fo re   i t   is  i n t r o d u c e d  
in to   the  c r a c k i n g   u n i t .   I t   has  also  been  s u g g e s t e d   t o  
c o n t a c t   a  c a r b o - m e t a l l i c   o i l   such  as  reduced  crude  with  h o t  
t a c o n i t e   p e l l e t s   to  p roduce   g a s o l i n e .   This  is  a  s m a l l  
sampl ing  of  the  many  p r o p o s a l s   which  have  appeared   in  t h e  
p a t e n t   l i t e r a t u r e   and  t e c h n i c a l   r e p o r t s .  

N o t w i t h s t a n d i n g   the  g r e a t   e f f o r t   which  has  been  expended  
and  the  f a c t   t h a t   each  of  these   p r o p o s a l s   overcomes  some 
of  the  d i f f i c u l t i e s   i n v o l v e d ,   c o n v e n t i o n a l   FCC  p r a c t i c e  
today  bears   mute  t e s t i m o n y   to  the  dea r th   of  c a r b o - m e t a l l i c  
o i l - c r a c k i n g   t e c h n i q u e s   t h a t   are  both  economical   and 



h igh ly   p r a c t i c a l   in  terms  of  t e c h n i c a l  f e a s i b i l i t y .   Some 

crude  o i l s   are  r e l a t i v e l y   f r ee   of  coke  p r e c u r s o r s   or  h e a v y  
meta l s   or  both ,   and  the  t r o u b l e s o m e   components  of  crude  o i l  

are  for  the  most  p a r t   c o n c e n t r a t e d   in  the  h i g h e s t   b o i l i n g  
f r a c t i o n s .   A c c o r d i n g l y ,   i t   has  been  p o s s i b l e   to  l a r g e l y  
avoid  the  problems  of  coke  p r e c u r s o r s   and  heavy  meta l s   by 
s a c r i f i c i n g   the  l i q u i d   fue l   y i e l d   which  would  be  p o t e n t i a l l y  
a v a i l a b l e   from  the  h i g h e s t   b o i l i n g   f r a c t i o n s .   More  p a r t i c -  
u l a r l y ,   c o n v e n t i o n a l   FCC  p r a c t i c e   has  employed  as  a  par t   o f  
the  gas  o i l   f e e d s t o c k   t h a t   f r a c t i o n   of  crude  o i l   which  b o i l s  
at  about  650°F  to  about   1000°F,  such  f r a c t i o n s   b e i n g  
r e l a t i v e l y   f r ee   of  heavy  meta l   c o n t a m i n a t i o n .   Such  f e e d s t o c k ,  
known  as  "vacuum  gas  o i l "   (VGO)  is  g e n e r a l l y   p r e p a r e d   f rom 
crude  o i l   by  d i s t i l l i n g   off   the  f r a c i t o n s   b o i l i n g   b e l o w  

.about   650°F  at  a t m o s p h e r i c   p r e s s u r e   and  then  s e p a r a t i n g   by 
f u r t h e r   vacuum  d i s t i l l a t i o n   from  the  h e a v i e r   f r a c t i o n s   a  
cut  b o i l i n g   between  about   650°F  and  about  900°F  to  1025"F .  

A  gas  o i l   of  a t m o s p h e r i c   d i s t i l l a t i o n   in  combina t ion   w i t h  

vacuum  gas  o i l   is  used  as  f e e d s t o c k   for  c o n v e n t i o n a l   FCC 
p r o c e s s i n g .   The  h e a v i e r   f r a c t i o n s   of  the  crude  o i l   a r e  
normal ly   employed  for  a  v a r i e t y   of  o t h e r   pu rposes ,   such  a s  
for  i n s t a n c e   p r o d u c t i o n   of  a s p h a l t ,   r e s i d u a l   fuel   o i l ,   #6 
fue l   o i l ,   or  marine Bunker  C  fue l   o i l ,   which  r e p r e s e n t s   a 
g r e a t   waste  of  the  p o t e n t i a l   va lue   of  t h i s   p o r t i o n   of  t h e  
crude  o i l ,   e s p e c i a l l y   in  l i g h t   of  the  g r e a t   e f f o r t   and 

expense  which  the  a r t   has  been  w i l l i n g   to  expend  in  t h e  

a t t empt   to  produce  g e n e r a l l y   s i m i l a r   m a t e r i a l s   from  c o a l  
and  sha le   o i l s .  

The  p r e s e n t   i n v e n t i o n   is  aimed  at  the  c r ack ing   of  gas  o i l s  
and  h e a v i e r   f r a c t i o n s   of  crude  o i l s   c o n t a i n i n g   s u b s t a n t i a l  

q u a n t i t i e s   of  both  coke  p r e c u r s o r s ,   heavy  m e t a l s ,   and  o t h e r  
t roub le some   components  e i t h e r   alone  or  in  c o n j u n c t i o n   w i t h  
the  l i g h t e r   o i l s ,   t h e r eby   i n c r e a s i n g   the  o v e r a l l  y i e l d   o f  
g a s o l i n e   and  o t h e r   d e s i r e d   l i q u i d   f u e l s   from  a  given  c r u d e  



o i l .   I t   is  b e l i e v e d   t h a t   the  p rocess   of  t h i s   i n v e n t i o n   i s  

u n i q u e l y   a d v a n t a g e o u s   for  d e a l i n g   with  the  problem  of  t r e a t i n g  
high  b o i l i n g   c a r b o - m e t a l l i c   o i l s   in  an  e c o n o m i c a l l y   and  

t e c h n i c a l l y   sound  m a n n e r .  

In  g e n e r a l   the  c o k e - f o r m i n g   tendency  or  coke  p r e c u r s o r  
c o n t e n t   of  an  o i l   can  be  a s c e r t a i n e d   by  d e t e r m i n i n g   the  w e i g h t  

p e r c e n t   of  carbon  r ema in ing   a f t e r   a  sample  of  t h a t   o i l   h a s  
been  p y r o l i z e d .   The  i n d u s t r y   accep t s   t h i s   va lue   as  a  
measure  of  the  e x t e n t   to  which  a  given  o i l   tends  to  fo rm 

n o n - c a t a l y t i c   coke  when  employed  as  f e e d s t o c k   in  a  c a t a l y t i c  
c r a c k e r .   Two  e s t a b l i s h e d   t e s t s   are  r e c o g n i z e d ,   t h e  
Conradson  Carbon  and  Ramsbottom  Carbon  t e s t s ,   the  l a t t e r  

being  d e s c r i b e d   in  ASTM  Test   No.  D524-76.  In  c o n v e n t i o n a l  
FCC  p r a c t i c e ,   Ramsbottom  carbon  va lues   on  the  o rde r   o f  
about   0.1  to  about   1.0  are  r ega rded   as  i n d i c a t i v e   o f  

a c c e p t a b l e   f eed .   The  p r e s e n t   i n v e n t i o n   is  conce rned   w i t h  
the  use  of  h y d r o c a r b o n   f e e d s t o c k s   which  have  h i g h e r  
Ramsbottom  carbon  v a l u e s   and  thus  e x h i b i t   s u b s t a n t i a l l y  
g r e a t e r   p o t e n t i a l   for  coke  f o r m a t i o n   than  the  usual   f e e d s .  

Since  the  v a r i o u s   heavy  me ta l s   are  not  of  equal   c a t a l y s t  
p o i s o n i n g   a c t i v i t y ,   i t   is  c o n v e n i e n t   to  exp re s s   the  p o i s o n -  
ing  a c t i v i t y   of  an  o i l   c o n t a i n i n g   a  given  p o i s i o n i n g   m e t a l  
or  meta l s   in  terms  of  the  amount  of  a  s i n g l e   metal   w h i c h  
is  e s t i m a t e d   to  have  e q u i v a l e n t   p o i s o n i n g   a c t i v i t y .   T h u s ,  
the  heavy  me ta l s   c o n t e n t   of  an  o i l  c an  be   e x p r e s s e d   by  t h e  
f o l l o w i n g   formula   ( p a t t e r n e d   a f t e r   t h a t   of  W.L.  Nelson  i n  
Oil  and  Gas  J o u r n a l ,   page  143,  October   23,  1961)  in  w h i c h  
the  c o n t e n t   of  each  meta l   p r e s e n t   is  e x p r e s s e d   in  p a r t s   p e r  
m i l l i o n   of  such  me ta l ,   as  meta l ,   on  a  weight   b a s i s ,   b a s e d  

on  the  weight   of  f e e d :  

According  to  c o n v e n t i o n a l   FCC  p r a c t i c e ,   the  heavy  m e t a l  
con t en t   of  f e e d s t o c k   f o r   FCC  p r o c e s s i n g   is  c o n t r o l l e d   at  a 



r e l a t i v e l y   low  l e v e l ,   e .g .   about   0.25  ppm  Nickel   E q u i v a l e n t s  

or  l e s s .   The  p r e s e n t   i n v e n t i o n   is  conce rned   with  t h e  

p r o c e s s i n g   of  f e e d s t o c k s   c o n t a i n i n g   m e t a l s   s u b s t a n t i a l l y  
in  excess   of  t h i s   va lue ,   and  which  t h e r e f o r e   have  a  s i g n i -  

f i c a n t l y   g r e a t e r   p o t e n t i a l   for   a c c u m u l a t i n g   on  and  

p o i s o n i n g   c a t a l y s t .  

The  above  formula   can  a lso   be  employed  as  a  measure  o f  
the  a c c u m u l a t i o n   of  heavy  me ta l s   on  c r a c k i n g   c a t a l y s t ,  

e x c e p t   t h a t   the  q u a n t i t y   of  meta l   employed  in  the  f o r m u l a  
is  based   on  the  weight   of  c a t a l y s t   (mo i s tu r e   f ree   b a s i s )  
i n s t e a d   of  the  weight   of  feed.   In  c o n v e n t i o n a l   FCC  p r a c t i c e ,  
in  which  a  c i r c u l a t i n g   i n v e n t o r y   of  c a t a l y s t   is  used  a g a i n  
and  aga in   in  the  p r o c e s s i n g   of  f r e s h   feed,   with  p e r i o d i c  
or  c o n t i n u i n g   minor  a d d i t i o n   and  w i t h d r a w a l   of  f r e s h   a n d  

spen t   c a t a l y s t ,   the  meta l   c o n t e n t   of  the  c a t a l y s t   i s  
m a i n t a i n e d   at  a  l e v e l   which  may  for   example  be  in  the  r a n g e  

o f   about   200  to  about  600  ppm  N i c k e l   E q u i v a l e n t s .   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   is  conce rned   with  the  use  of  c a t a -  
l y s t   having  a  s u b s t a n t i a l l y   l a r g e r   me ta l s   c o n t e n t ,   and  w h i c h  
t h e r e f o r e   has  a  much  g r e a t e r   than  normal  t endency   to  p r o m o t e  
d e h y d r o g e n a t i o n ,   a roma t i c   c o n d e n s a t i o n ,   gas  p r o d u c t i o n   o r  
coke  f o r m a t i o n .   T h e r e f o r e ,   such  h i g h e r   meta l s   a c c u m u l a t i o n  
is  no rma l ly   r ega rded   as  q u i t e   u n d e s i r a b l e   in  FCC  p r o c e s s i n g .  

The  p r e s e n t   i n v e n t i o n   is  conce rned   with  the  c o n v e r s i o n   o f  
the  h i g h e r   b o i l i n g   p o r t i o n s   of  c rude   o i l s   known  as  r e s i d u a l  
o i l s   and /o r   r e s i d s   r e c o v e r e d   from  as  the  bot toms  p r o d u c t  
of  a t m o s p h e r i c   and /or   vacuum  d i s t i l l a t i o n   and  c o n t a i n i n g  
s u b s t a n t i a l   q u a n t i t i e s   of  coke  p r e c u r s o r s   and  heavy  m e t a l  
c o n t a m i n a n t s ,   s u l f u r   and  n i t r o g e n   compounds.  Sodium  f o u n d  
in  crude  o i l   is  also  a  t r o u b l e s o m e  c o m p o n e n t  i n   d e a c t i v a t i n g  
a  c r a c k i n g   c a t a l y s t .   Thus  the  c o m b i n a t i o n   p rocess   of  t h i s  
i n v e n t i o n   is  a  unique  sequence  of  o p e r a t i o n s   des igned   t o  
d i s p o s e   of  and /or   handle   the  u n d e s i r a b l e   components  o f  
r educed   crudes  in  a  manner  p e r m i t t i n g   c o n v e r s i o n   of  h i g h  



b o i l i n g   hydrocarbon   components  in  a s s o c i a t i o n   t h e r e w i t h - t o  

more  d e s i r a b l e   gaseous  and  l i q u i d   fuel   p r o d u c t s .  

The  combina t ion   of  unique  s teps   c o n t r i b u t i n g   to  the  n o v e l  
p r o c e s s i n g   combina t ion   of  t h i s   i n v e n t i o n   r e p r e s e n t s   a  h i g h l y  
p r o d u c t i v e   approach  to  the  c o n v e r s i o n   and  r ecove ry   o f  

p r o d u c t   of  conve r s ion   of  high  b o i l i n g   crude  o i l   f e e d s t o c k s  

c o m p r i s i n g   c a r b o - m e t a l l i c   feed  components  such  as  found  i n  

topped  c ruces ,   r e s i d u a l   o i l s ,   reduced  crudes  and  r e s i d s .  

A  p e t r o l e u m   crude  o i l   and  p a r t i c u l a r l y   the  650°F  plus  p o r t i o n  
t h e r e o f   is  c h a r a c t e r i z e d   in  the  absence  of  f u r t h e r   t r e a t m e n t  
as  having  a  heavy  meta ls   c o n t e n t   of  at  l e a s t   about  5  ppm  o f  
Ni  e q u i v a l e n t s   by  weight   and  a  carbon  r e s i d u e   on  p y r o l y s i s  
of  at  l e a s t   about  1%  by  w e i g h t .  

Some  hydroca rbon   feeds  which  may  be  p r o c e s s e d   in  t h e  
c o m b i n a t i o n   o p e r a t i o n   of  t h i s   i n v e n t i o n   are  s p e c i f i c a l l y  
i d e n t i f i e d   in  Table  1  b e l o w .  





The  i n v e n t i o n   is  i l l u s t r a t e d   by  the  accompanying  d r a w i n g s ,  

in  wh ich :  

Figure  I  is  a  block  flow  a r rangement   of  an  i n t e g r a t e d   c o m b i n a t i o n  

of  p r o c e s s i n g   s t eps   for  upgrading   the  higher  b o i l i n g   p o r t i o n s  

of  crude  oi l   known  as  r e s i d s ,   r e s i d u a l   o i l s ,   and  reduced  c r u d e s  

compr is ing   metal  c o n t a m i n a n t s   and  r e l a t i v e l y   high  Conradson  c a r b o n  

producing   m a t e r i a l s .   More  p a r t i c u l a r l y   the  combinat ion  of  p r o c e s s -  

ing  s teps   g e n e r a l l y   r e p r e s e n t e d   by  Figure  I  comprise  a  m e t a l s - c a r b o n  

removal  c o n t a c t   s tep  with  a  r e l a t i v e l y   i ne r t   so l id s   sorbent   m a t e r i a l  

fol lowed  by  a  more  severe   c a t a l y t i c   convers ion   o p e r a t i o n   d e s i g n e d  

and  ope ra ted   to  produce  g a s o l i n e   and  lower  bo i l i ng   h y d r o c a r b o n s  

as  well  as  upgraded  higher   b o i l i n g   l i qu id   products   more  s u i t a b l e  

for  f u r t h e r   conve r s ion   to  l i q u i d   and  gaseous  fuel  p roduc t s .   A 

s t i l l   h igher   a c t i v i t y   f l u id   c a t a l y t i c   c racking  c a t a l y s t   s u b s t a n t i a l l y  

comple te ly   f ree   of  metal  con t aminan t s   may  be  used  in  a  f u r t h e r  

s e p a r a t e   c r ack ing   zone  if  d e s i r e d   to  convert   the  upgraded  h i g h e r  

b o i l i n g   l i q u i d   p r o d u c t s .   The  i n t e g r a t e d   combinat ion   o p e r a t i o n  

of  Figure  I  is  a  heat  ba lanced  energy  e f f i c i e n t   o p e r a t i o n   which 

u t i l i z e s   a  combina t ion   of  f l u i d   s o l i d s   combustion  zones  shown  i n  

Figure  II  to  g e n e r a t e   high  p r e s s u r e   process   steam  from  r e g e n e r a t i o n  

f lue  gases ,   CO  r i c h ,   and  e f f e c t   the  recovery  of  s u l f u r   oxides  by 

r e a c t i o n   with  c a l c i n e d   l imes tone   (calcium  oxide)  to  produce  c a l c i u m  

s u l f a t e .   This  gene ra t ed   high  p r e s s u r e   steam  arrangement   is  u t i l i z e d  

in  a  steam  d i s t r i b u t i o r i a n d   recovery   system  which  e f f e c t i v e l y  

c o n t r i b u t e s   to  the  thermal  e f f i c i e n c y   of  the  combinat ion  of  p r o c e s s -  

ing  s t eps   he re in   d e s c r i b e d .   A  common  gaseous  hydrocarbon  p r o d u c t  

c o n c e n t r a t i o n   and  recovery   s e c t i o n   of  the  s e p a r a t e   s o l i d s   c o n t a c t i n g  

s teps   and  r e p r e s e n t e d   by  Figure   I I I   m a t e r i a l l y   c o n t r i b u t e s   to  t h e  

o p e r a t i n g   e f f i c i e n c y   of  the  combina t ion   o p e r a t i o n .  

Figure  IV  is  an  a r rangement   of  appa ra tu s   i d e n t i f i e d   as  the  (MRS) 

metals   removal  system  unit   cons ide r ed   in  one  aspect   as  a  t h e r m a l  

v i s b r e a k e r   r e l y i n g   on  hot  f l u i d i z a b l e   i n e r t   s o l i d s  



for  e f f e c t i n g   i n i t i a l   c o n t a c t   of  a  reduced  crude  c o n t a i n i n g   f e e d  

as  here in   i d e n t i f i e d   with  a  so l i d   so rben t   m a t e r i a l   to  e f f e c t   r emova l  

of  metal  c o n t a m i n a n t s   and  thermal   d e g r a d a t i o n   of  high  b o i l i n g   c a r b o n  

forming  m a t e r i a l s   in  the  feed.   In  t h i s   f l u i d   so l ids   thermal   v i s -  

breaking  system  (MRS)  e f f e c t e d   at  a  t e m p e r a t u r e   within  the  r a n g e  
of  900  to  1050°F  i t   is  d e s i r a b l e   to  employ  a  r i s e r   c o n t a c t i n g   zone  

which  permi t s   m a i n t a i n i n g   the  hydrocarbon   feed  r e s i d e n c e   time  be low 

about  5  seconds  and  more  u s u a l l y   below  about  3  seconds  and  s p a c e  

v e l o c i t y   c o n d i t i o n s   which  wi l l   r e s t r i c t   thermal   c racking   to  p r o d u c e  

naphtha  m a t e r i a l   and  yet  p rovide   a  t h e r m a l l y   v i sbroken   v a p o r o u s  

product   of  reduced  meta l s   and  Contradson  carbon  producing  c o m p o n e n t s  

and  a  feed  thus  more  s u i t a b l e   for  z e o l i t e   c a t a l y t i c   c r a c k i n g   i n  

a  downstream  c a t a l y t i c  c r a c k i n g - c a t a l y s t   r e g e n e r a t i o n   system  shown 

in  Figure  V.  In  the  a r r angemen t   of  F igure   IV,  p r o v i s i o n   is  made 

for  quenching  the  t h e r m a l l y   produced  vaporous  product   d i s c h a r g e d  

from  the  r i s e r   r e a c t o r   s e p a r a t o r   v e s s e l   s e c t i o n   with  main  co lumn 

product   f r a c t i o n a t o r   bottoms  ob t a ined   as  h e r e i n a f t e r   d i s c u s s e d  

with  r e s p e c t   to  F igure   VI.  The  quenched  vaporous  product   c o m p r i s i n g  

a  d e m e t a l l i z e d   feed  m a t e r i a l   of  l e s s   than  about  100  ppm  of  (Ni  

+  V)  n icke l   plus  vanadium  fo l l owing   s e p a r a t i o n   in  the  MRS  main  

column  s e c t i o n   of  F igure   VI  is  charged  as  feed  to  the  RCC  r i s e r  

r e a c t o r   of  F igure   V  along  the  MRS  recovered   thermal  naphtha   and  

water  r ecove red   from  the  RCC  main  column  f r a c t i o n a t o r   o v e r h e a d  

drum  as  more  f u l l y   d i s c u s s e d   below  with  r e spec t   to  F igure   V I I .  

-The  i n t e g r a t e d   o p e r a t i o n   of  t h i s   i n v e n t i o n   b r i e f l y   o u t l i n e d   above  

is  a  c o a l e s c e n c e   of  novel  o p e r a t i n g   c o n t r i b u t i o n s   s p e c i f i c a l l y  

d i scussed   below  which  s y n e r g i s t i c a l l y   c o n t r i b u t e   one  to  the  o t h e r  

to  form  a  novel  combina t ion   of  s t eps   for  e f f i c i e n t l y   p r o c e s s i n g  

d i s t r e s s   hydroca rbon   s tocks   to  more  d e s i r a b l e   gaseous  and  l i q u i d  

products   in  an  e c o n o m i c a l l y   s a t i s f a c t o r y   manner.  The  d i s t r e s s  

s tocks  which  may  be  p roces sed   by  the  combina t ion   o p e r a t i o n   of  t h i s  

i n v e n t i o n  



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

as  t opped   c rudes ,   r e s i d u a l   o i l ,   r e s i d s   reduced   c rudes   a n d  
o t h e r   heavy  hyd roca rbon   m a t e r i a l s   o b t a i n e d   from  coa l ,   o i l ,  
s h a l e ,   t a r   sands  and  a  c o m b i n a t i o n   of  such  m a t e r i a l s .  

G e n e r a l l y   s p e a k i n g ,   the  o i l   f e eds   w i l l   a l l   bo i l   above  a b o u t  

600,  650  or  700°F  and  compr i se   high  m o l e c u l a r   we igh t   h y d r o -  
ca rbon   components  not  v a p o r i z a b l e   at  t e m p e r a t u r e s   above  a b o u t  
1000  or  1025°F.  Thus  depend ing   on  feed  source   and  l e v e l s   o f  
c o n t a m i n a t i o n ,   the  i n i t i a l   b o i l i n g   p o i n t   of  the  charge   t o  
the  MRS  u n i t   may  be  w i t h i n   the  range   of  700°F  up  to  1 0 0 0 ° F .  

The  e f f e c t s   of  metal   c o n t a m i n a n t s   and  Conradson  carbon  f o u n d  
in  the  heavy  ends  of  crude  o i l s   and  o t h e r   such  source   m a t e r -  
i a l s   has  been  widely   d i s c u s s e d   in  the  l i t e r a t u r e .   A  r e c e n t  
a r t i c l e   e n t i t l e d   "Burst   of  Advance  Enhances  Cat  C r a c k i n g "  
by  D.F.  Tolen  p u b l i s h e d   in  the  Annual  R e f i n i n g   Report   o f  
the  Oil   and  Gas  J o u r n a l ,   March  30,  1981  is  an  up  to  d a t e  
t r e a t i s e   on  the  s u b j e c t   and  is  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   t h e r e t o .   The  p r e s e n t   i n v e n t i o n   is  p a r t i c u l a r l y  
c o n c e r n e d   with  i n c r e a s i n g   the  y i e l d   of  d e s i r e d   p r o d u c t   f r o m  
the  bo t tom  or  high  b o i l i n g   p o r t i o n   of  p e t r o l e u m   c r u d e s .  
The  i n v e n t i o n   is  a lso  conce rned   with  a  p roce s s   which  can  b e  
u t i l i z e d   to  more  e c o n o m i c a l l y   p roduce   premium  p e t r o l e u m   p r o -  
duc t s   such  as  g a s o l i n e ,   d i e s e l   fue l   and  gaseous   p r o d u c t s  
r e a d i l y   c o n v e r t e d   to  needed  u s e f u l   p r o d u c t s   in  modern  d a y  
s o c i e t y .   More  i m p o r t a n t l y   the  c o m b i n a t i o n   o p e r a t i o n   of  t h i s  
i n v e n t i o n   is  a  t h e r m a l l y   a t t r a c t i v e   energy  e f f i c i e n t   m e t h o d  
for   s e l e c t i v e l y   removing  and  u t i l i z i n g   u n d e s i r a b l e   h i g h  
b o i l i n g   components  of  crude  o i l s   and  metal   c o n t a m i n a n t s   i n  
the  p r o d u c t i o n   of  more  d e s i r a b l e   premium  f u e l .   The  p r e s e n t  
i n v e n t i o n   p a r t i c u l a r l y   c o n c e n t r a t e s   on  upg rad ing   the  " b o t t o m  
of  the   b a r r e l "   of  a  crude  o i l   to  u s e f u l   p r o d u c t s .  

R e f e r r i n g   now  to  F igure   I  by  way  of  example,   t h e r e   i s  
shown  a  s i m p l i f i e d   block  flow  a r r a n g e m e n t   of  the  c o m b i n a t i o n  

p r o c e s s   of  t h i s   i n v e n t i o n .   In  the  a r r angemen t   of  F i g u r e   I  



a  high  b o i l i n g   hyd roca rbon   feed  such  as  a  reduced   c r u d e ,  

a  r e s i d u a l   o i l   feed  b o i l i n g   above  about  650°F  and  c o m p r i s i n g  

reduced  crude  components  such  a  p o r p h y r i n s ,   a s p h a l t e n e s  
and  p o l y c y c l i c   compounds  are  charged  by  c o n d u i t   2  to  a  MRS 

meta ls   removal  thermal   c o n t a c t i n g   system  4  where in   the  f e e d  

is  c o n t a c t e d   with  s o l i d   so rben t   p a r t i c u l a t e   m a t e r i a l   h a v i n g  
l i t t l e   if  any  c r ack ing   a c t i v i t y   under  c o n d i t i o n s   to  t h e r m a l l y  
v i s b r e a k   and  reduce  metal   c o n t a m i n a n t s   to  a  more  a c c e p t a b l e  
lower  l eve l   in  c o n j u n c t i o n   with  r educ ing   the  feed  Conradson  

carbon  va lue .   During  t h i s   thermal   c o n t a c t i n g   o p e r a t i o n   w i t h  

s o l i d   s o r b e n t   p a r t i c u l a t e   more  f u l l y   d i s c u s s e d   with  r e s p e c t  
to  F igures   IV  and  VI,  a  wet  gas  p roduc t   is  formed  and 
r ecove red   by  condu i t   6,  a  C5+  naphtha   p roduc t   r e c o v e r e d   by 
condu i t   8  and  a  430°F+  p roduc t   m a t e r i a l   r e c o v e r e d   by  c o n d u i t  

10.  The  C5  plus  p roduc t   m a t e r i a l   in  condu i t   8  and  the  430°F 

plus  p roduc t   m a t e r i a l   in  condu i t   10  are  charged  to  an  RCC 

(reduced  crude  c rack ing)   un i t   12  more  f u l l y   d i s c u s s e d   be low 

with  r e s p e c t   to  F igures   V  and  VII.  During  c a t a l y t i c   c r a c k i n g  
c o n v e r s i o n   of  the  d e m e t a l l i z e d   feed  m a t e r i a l   o b t a i n e d   f rom 

the  MRS  thermal   c o n v e r s i o n   o p e r a t i o n ,   a  wet  gas  p r o d u c t  
s t ream  is  formed  and  r e c o v e r e d   by  condu i t   14,  a  main  column 

overhead   l i q u i d   is  r e c o v e r e d   by  condu i t   16,  a  430  to  630°F 

p roduc t   f r a c t i o n   is  r e c o v e r e d   by  condu i t   18  and  a  630°F 

plus  unconve r t ed   m a t e r i a l   s t ream  is  r e c o v e r e d   by  c o n d u i t  

20.  The  RCC  c o n v e r s i o n   p roduc t s   r e cove red   by  c o n d u i t s   18 
and  20  may  be  used  in  fuel   o i l   b l end ing   o p e r a t i o n s   n o t  
shown.  On  the  o the r   hand  the  630°F  plus  p r o d u c t   may  b e  

f u r t h e r   c o n v e r t e d   by  c a t a l y t i c   c r a c k i n g   e i t h e r   in  a 

s e p a r a t e   FCC  un i t   not  shown  or  as  r e c y c l e   to  the  RCC  u n i t  

12.  The  430°F -   630°F  p roduc t   in  condu i t   18  may  also  b e  

f u r t h e r   r e f i n e d   as  d e s i r e d   to  meet  fuel   demands  as  by 

c r a c k i n g ,   h y d r o g e n e r a t i o n   and  o the r   p r o c e s s i n g   s t e p s  
s u i t a b l e   f o r  t h e   purpose .   The  RCC  main  column  o v e r h e a d  

l i q u i d   in  condu i t   16  is  passed  to  a  gas  c o n c e n t r a t i o n   u n i t  

22  d i s c u s s e d   below.  So  a lso  is  the  wet  gas  in  condu i t s   6 

and  14  b lended  and  passed   by  condu i t   6  to   un i t   22.  A 



s e l e c t e d   to  accompl i sh   s u b s t a n t i a l   metals   removal  in  the  a b s e n c e .  

of  e x c e s s i v e   thermal   c r a c k i n g   for  the  p r o d u c t i o n   of  thermal   n a p h t h a  

b o i l i n g   range  p r o d u c t s .   In  the  s p e c i f i c   a r r angement   of  F i g u r e  

IV,  a tomiz ing   water  i s   added  by  condui t   1  to  a  reduced  c r u d e  

c o n t a i n i n g   feed  i n t r o d u c e d   by  condu i t   3  to  a  r i s e r  r a c t o r   5  and 

above  the  bottom  p o r t i o n   t h e r e o f .   Steam  in  condu i t   7  and/or   admixed 

with  water  in  condui t   9  o b t a i n e d   from  the  main  column  o v e r h e a d  

d rum  d i s cus sed   below  with  r e s p e c t   to  Figure   7  is  admixed  w i t h  

c i r c u l a t e d   hot  so l id   p a r t i c u l a t e   at  a  t e m p e r a t u r e   in  the  r a n g e  
of  1300  to  1500°F  in  the  bottom  po r t i on   of  the  r i s e r   in  amounts  

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

hot  s o l i d s   ob ta ined   from  r e g e n e r a t i o n   t h e r e o f   and  before   c o n t a c t i n g  

the  oi l   feed  p a r t i c u l a r l y   s e l e c t e d   for  charge  to  the  r i s e r .   I f  

d e s i r e d ,   the  "wet  gas"  r e c y c l e d   from  the  RCC  or  MRS  uni t   or  o t h e r  

l i f t   gas  ( e .g .   l i g h t . h y d r o c a r b o n s )   can  be  employed  to  convey  t h e  

p a r t i c u l a t e   through  the  r i s e r   r e a c t o r   5.  The  p a r t i c u l a r   combin-  

a t i on   of  d i l u e n t s   admixed  with  s o l i d s   pe rmi t s   e s t a b l i s h i n g   a  

v e r t i c a l   v e l o c i t y   component  to  the  s o l i d s   be fo re   con tac t   w i t h  

d i s p e r s e d   hydrocarbon  feed  m a t e r i a l   in  the  r i s e r   under  s e l e c t e d  

t e m p e r a t u r e   and  p r e s s u r e   c o n d i t i o n s .   A  s u s p e n s i o n   of  so l id   s o r b e n t  

p a r t i c u l a t e   and  atomized  feed  of  low  p a r t i a l   p r e s s u r e   in  t h e  

p resence   of  steam  d i l u e n t   at  a  t e m p e r a t u r e   b e l o w  a b o u t   1025°F  i s  

r ecovered   from  the  r i s e r   5  a t - a   v e l o c i t y   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   time  l e s s   than  5  s e c o n d s  a n d   p r e f e r a b l y   w i th in   the  r a n g e  
of  0.5  to  4  seconds.   The  r i s e r   5  is  p rovided   with  a  p l u r a l i t y  

of  v e r t i c a l l y   spaced  a p a r t   feed  i n l e t   means  to  accompl i sh   the  above  

change  in  hydrocarbon  r e s i d e n c e   t ime.  The  s u s p e n s i o n   passed  t h r o u g h  

r i s e r   5  is  d i scharged   from  the  top  or  open  end  of  the  r i s e r   and  

s e p a r a t e d   so  tha t   vaporous  hydroca rbons   of  t he rmal   v i s b r e a k i n g  

and  gas i fo rm  d i l u e n t   m a t e r i a l   are  caused  to  f l o w . t h r o u g h   a  p l u r a l i t y  

of  p a r a l l e l   a r ranged  cyclone  s e p a r a t o r s   11  and  13  p o s i t i o n e d   a b o u t  

the  upper  open  end  of  the  r i s e r   con t ac t   zone.  Hydrocarbon  v a p o r s  

s e p a r a t e d '   from  e n t r a i n e d   s o l i d s   by  the  cyc lone   s e p a r a t o r s   a r e  

c o l l e c t e d   in  a  plenum  chamber  15  before   w i thd rawa l   or  r e c o v e r y  

by  condui t   17  at  a  t e m p e r a t u r e   of  about  970°F.  



s e l e c t e d   to  accompl i sh   s u b s t a n t i a l   meta l s   removal  in  the  a b s e n c e  

of  e x c e s s i v e   thermal   c r ack ing   for  the  p r o d u c t i o n   of  thermal   n a p h t h a  

b o i l i n g   range  p r o d u c t s .   In  the  s p e c i f i c   a r rangement   of  F i g u r e  

IV,  a tomiz ing   water   is  added  by  condu i t   1  to  a  reduced  c r u d e  

c o n t a i n i n g   feed  i n t r o d u c e d   by  condui t   3  to  a  r i s e r   r e a c t o r   5  and 

above  the  bottom  p o r t i o n   t h e r e o f .   Steam  in  condu i t   7  and/or   admixed 

with  water  in  condu i t   9  ob ta ined   from  the  main  column  o v e r h e a d  

drum  d i s cus sed   below  with  r e s p e c t   to  F igure   7  is  admixed  w i t h  

c i r c u l a t e d   hot  s o l i d   p a r t i c u l a t e   at  a  t e m p e r a t u r e   in  the  r a n g e  

of  1300  to  1500°F  in  the  bottom  p o r t i o n   of  the  r i s e r   in  amounts  

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

hot  s o l i d s   o b t a i n e d   from  r e g e n e r a t i o n   t h e r e o f   and  before   c o n t a c t i n g  

the  o i l   feed  p a r t i c u l a r l y   s e l e c t e d   for  charge  to  the  r i s e r .   I f  

d e s i r e d ,   the  "wet  gas"  r ecyc led   from  the  RCC  or  MRS  un i t   or  o t h e r  

l i f t   gas  ( e . g .   l i g h t   hyd roca rbons )   can  be  employed  to  the  p a r t i c u l a r  

combina t ion   of  d i l u e n t s   admixed  with  s o l i d s   permi t s   e s t a b l i s h i n g  

a  v e r t i c a l   v e l o c i t y   component  to  the  s o l i d s   before   con tac t   w i t h  

d i s p e r s e d   hydrocarbon   feed  m a t e r i a l   in  the  r i s e r   under  s e l e c t e d  

t e m p e r a t u r e   and  p r e s s u r e   c o n d i t i o n s .   A  s u s p e n s i o n   of  so l i d   s o r b e n t  

p a r t i c u l a t e   and  a tomized  feed  of  low  p a r t i a l   p r e s s u r e   in  the  p r e s e n c e  
of  steam  d i l u e n t   at  a  t e m p e r a t u r e   below  about  1025°F  is  r e c o v e r e d  

from  the  r i s e r   5  at  a  v e l o c i t y   p r o v i d i n g   a  hydrocarbon  r e s i d e n c e  

time  l e s s   than  5  seconds  and  p r e f e r a b l y   w i th in   the  range  of  0 . 5  

to  4  seconds .   The  r i s e r   5  is  p rovided   with  a   p l u r a l i t y   o f  

v e r t i c a l l y   spaced  a p a r t   feed  i n l e t   means  to  accompl i sh   the  above  

change  in  hydroca rbon   r e s i d e n c e   time.  The  su spens ion   passed  t h r o u g h  

r i s e r   5  is  d i s c h a r g e d   from  the  top  or  open  end  of  the  r i s e r   and 

s e p a r a t e d   so  t h a t   vaporous  hydroca rbons   of  thermal   v i s b r e a k i n g  

and  gas i form  d i l u e n t   m a t e r i a l   are  caused  to  flow  through  a  p l u r a l i t y  

of  p a r a l l e l   a r r anged   cyclone  s e p a r a t o r s   11  and  13  p o s i t i o n e d   a b o u t  

the  upper  open  end  of  the  r i s e r   c o n t a c t   zone.  Hydrocarbon  v a p o r s  

s e p a r a t e d   from  e n t r a i n e d   s o l i d s   by  the  cyc lone   s e p a r a t o r s   a r e  

c o l l e c t e d   in  a  plenum  chamber  15  before   wi thdrawal   or  r e c o v e r y  

by  condui t   17  at  a  t e m p e r a t u r e   of  about  9 7 0 ° F .  



'The  vaporous  m a t e r i a l   in  condu i t   17  is  quenched  in  one  s p e c i f i c  

embodiment  to  a  t e m p e r a t u r e   well  below  i t s   dewpoint  by  a d m i x t u r e  

with  a  p o r t i o n   of  the  main  column  bottoms  product   i n  c o n d u i t   17 

of  the  MRS  (me ta l s   removal  system)  product   r ecove ry   s e c t i o n   o f  

Figure   VI  more  f u l l y   d i s cus sed   below.  Solid  p a r t i c u l a t e   m a t e r i a l  

compr i s ing   kao l in   p a r t i c u l a t e   in  t h i s   s p e c i f i c   embodiment  c o m p r i s i n g  

accumula ted   metal  d e p o s i t s   and  ca rbonaceous   m a t e r i a l   of  t h e r m a l  

d e g r a d a t i o n   are  c o l l e c t e d   in  a  bottom  p o r t i o n   of  v e s s e l   21 

compr i s ing   a  s t r i p p i n g   s ec t ion   23  to  which  s t r i p p i n g   gas  i s  c h a r g e d  

by  condu i t   25  at  a  t e m p e r a t u r e   of  at  l e a s t   about  400°F.  H i g h e r  

s t r i p p i n g   t e m p e r a t u r e s   up  to  1050°F°  are  a l so   c o n t e m p l a t e d .  

S t r i p p e d   s o l i d   ab so rben t   p a r t i c u l a t e   m a t e r i a l   is  passed  by  s t a n d p i p e  

27  p r o v i d i n g   with  a  flow  c o n t r o l   valve  to  f l u i d   bed  of  p a r t i c u l a t e  

in  a  bottom  p o r t i o n   of  a  r e g e n r a t i o n   zone  29.  R e g e n e r a t i o n   g a s  

or  combust ion   s u p p o r t i n g   gas  such  as  oxygen  modi f ied   gas  or  a i r  

is  charged  to  a  bottom  p o r t i o n   of  the  r e g e n e r a t i o n   zone  by  c o n d u i t  

31  through  a  plenum  d i s t r i b u t i o n   chamber  33  s u p p o r t i n g   a  p l u r a l i t y  

of  r a d i a t i n g   gas  d i s t r i b u t o r   p ipes   35.  R e g e n e r a t i o n   of  the  s o r b e n t  

p a r t i c u l a t e   by  burning  d e p o s i t e d   ca rbonaceous   m a t e r i a l   i s  

accompl i shed   at  a  t e m p e r a t u r e   up  to  about  1500°F  p r e f e r a b l y   i n  

an  oxygen  lean  or  r e s t r i c t e d   oxygen  c o n t a i n i n g   gas  r e s t r i c t e d  

a tmosphere   promot ing  the  fo rma t ion   of  a  (CO)  carbon  monoxide  r i c h  

r e g e n e r a t i o n   f lue   gas.  Combustion  product   gases  and  c a t a l y s t   p a s s  
from  an  upper  l e v e l   37  of  a  f l u i d   bed  of  p a r t i c u l a t e   through  a  

r e s t r i c t e d   .passageway  39  as  a  suspended  mass  of  p a r t i c u l a t e   i n  

f lue   gases  to  an  upper  en la rged   p o r t i o n   of  the  r e g e n e r a t i o n   v e s s e l  

where  a  s e p a r a t i o n   is  made  between  s o l i d   p a r t i c u l a t e   and  p r o d u c t  

f lue   gases  by  the  combinat ion   of  h inde red   s e t t l i n g   and  c y c l o n e  

s e p a r a t o r   means.  The  s e p a r a t e d   p a r t i c u l a t e   is  c o l l e c t e d   as  a  f l u i d  

bed  of  m a t e r i a l   41  in  a  annu la r   zone  about  r e s t r i c t e d   pa s sageway  
39.  Flue  gas  s e p a r a t e d   from  s o l i d s   pass  through  a  p l u r a l i t y   a 

cyc lones   43  p o s i t i o n e d  



about  the  open  upper  end  of  passageway  39  for   removal  o f  
e n t r a i n e d   f i n e s .   The  CO  r i ch   f lue   gases   then  pass  t o  
plenum  chamber  45  for  w i t h d r a w a l   t h e r e f r o m   by  condu i t   47 .  
F u r t h e r   d i s p o s i t i o n   and  u t i l i z a t i o n   of  the  f lue   gas  i n  
condu i t   47  is  d i s c u s s e d   more  f u l l y   below  with  r e s p e c t   t o  

F igure   I I .   R e g e n e r a t e d   s o l i d   s o r b e n t   p a r t i c u l a t e   at  an 
e l e v a t e d   t e m p e r a t u r e   w i t h i n   the  range  of  1000  to  1500°F  i s  

passed   by  s t a n d p i p e   49  to  the  bot tom  p o r t i o n   of  r i s e r   5 
for  use  as  h e r e i n   p roposed .   A  p o r t i o n   of  the  hot  r e g e n e r a -  
ted  s o r b e n t   is  wi thdrawn  by  c o n d u i t   51  for  pas sage   to  a 
heat   exchanger   53  where in   450  lbs .   steam  is  p a r t i c u l a r l y  
g e n e r a t e d   by  i n d i r e c t   heat   exchange  with  charged   b o i l e r  

feed  water   i n t r o d u c e d   by  c o n d u i t   55  and  steam  r e c o v e r e d  

by  condu i t   57.  The  thus  p a r t i a l l y   cooled   s o l i d   p a r t i c u -  
l a t e   is  wi thdrawn  by  c o n d u i t   59  for   pas sage   to  a  b o t t o m  

p o r t i o n   of  the  f l u i d   bed  of  p a r t i c u l a t e   in  a  bottom  p o r t i o n  
of  r e g e n e r a t i o n   zone  29  for   t e m p e r a t u r e   c o n t r o l   of  t h e  
meta l s   c o n t a m i n a t e d   p a r t i c u l a t e   being  r e g e n e r a t e d .  

F igure   VI  is  conce rned   p a r t i c u l a r l y   with  the  p r o d u c t  
r ecove ry   s e c t i o n   of  the  MRS  un i t   for   the  r e c o v e r y   o f  
d i f f e r e n t   v a l u a b l e   f r a c t i o n s   and  heat   exchange  u t i l i z a t i o n  
c o n t r i b u t i n g   to  the  o v e r a l l   e f f i c i e n c y   of  the  c o m b i n a t i o n  
o p e r a t i o n .   I n . t h e   a r r a n g e m e n t   of  F i g u r e   VI,  the  d e m e t a l -  
l i z e d   vapors  r e c o v e r e d   by  condu i t   17  f o l l o w i n g   a d d i t i o n  
of  quench  f l u i d   s u b s t a n t i a l l y   immed ia t e ly   upon  r e c o v e r y  
from  plenum  15  is  charged   to  a  p r o d u c t   f r a c t i o n a t i n g   o r  
main  column  61  m a i n t a i n e d   at  a  bot tom  t e m p e r a t u r e   of  a b o u t  
590°F  and  a  top  t e m p e r a t u r e   of  about  285°F.  A  g a s e o u s  
m a t e r i a l   is  wi thdrawn  at  a  t e m p e r a t u r e   of  about   285°F 
from  the  column  by  condu i t   63  for  pa s sage   t h rough   a i r  

coo l e r   65,  c o o l e r   67  and  thence   to  drum  69  where in   a 
s e p a r a t i o n   is  made  at  a  t e m p e r a t u r e   s u f f i c i e n t l y   r e d u c e d  

to  r ecover   a  g a s i f o r m   s t ream  by  c o n d u i t   71  passed   to  com- 

p r e s s o r   73  and  then  by  c o n d u i t   75  to  the  gas  c o n c e n t r a t i o n  

system  of  F igure   I I I .   A  naphtha   f r a c t i o n   is  r e c o v e r e d  
from  drum  69  by  c o n d u i t   77,  a  p o r t i o n   of  which  is  r e c o v e r e d  
by  condui t   79  for  r e c y c l e   to  the  r i s e r   r e a c t o r   5  with  t h e  



r emain ing   p o r t i o n   t h e r e o f   being  r e c y c l e d   as  r e f l u x   t o  
column  61  by  condu i t   80  to  an  upper   p o r t i o n   of  the  MRS 
main  column  61.  A  sour  water   s t r eam  is  r ecove red   f rom 
drum  69  by  c o n d u i t   83,  a  p o r t i o n   of  which  is  passed  to  a 
sour  wate r   s t r i p p e r  n o t   shown  with  the  remain ing   p o r t i o n  
being  r e c y c l e d   to  the  MRS  r i s e r   r e a c t o r   as  quench  f l u i d  
i n t r o d u c e d   by  c o n d u i t   9.  An  i n t e r m e d i a t e   b o i l i n g   r a n g e  
p roduc t   f r a c t i o n   b o i l i n g   above  naphtha   b o i l i n g   m a t e r i a l   i s  
wi thdrawn  by  condu i t   85,  a  p o r t i o n   of  which  is  r e c y c l e d   t o  
the  column  as  pump  around  condu i t   87,  with  ano the r   p o r t i o n  
t h e r e o f   being  passed   th rough   a  p l u r a l i t y   of  heat  e x c h a n g e r s  
89  to  deve lop   low  p r e s s u r e   150  ps ig   s t ream  before   b e i n g  
r e c y c l e d   to  the  main  column  by  condu i t   91.  A n o t h e r  

p o r t i o n   of  the  m a t e r i a l   wi thdrawn  by  condu i t   85  is  p a s s e d  
by  condu i t   83  to  heat   exchanger   95  and  r e c e i v e d   t h e r e f r o m  
by  condu i t   97  for  use  a s  a   p o r t i o n   of  the  d e m e t a l l i z e d  

charge  to  the  RCC  u n i t   d i s c u s s e d   below  wi th   r e s p e c t   t o  
F igure   V.  On  the  o t h e r   hand,  a l l   or  a  p o r t i o n   of  the  m a t e r -  
ia l   in  condu i t   97  may  be  passed   by  condu i t   99  to  h e a t  

exchanger   101  and  a i r   c o o l e r   103  b e f o r e   being  passed  t o  

s t o r a g e   a s  a   d e m e t a l l i z e d   l i q u i d   p r o d u c t   t h e r e a f t e r   a v a i l -  
able  for  f u r t h e r   t r e a t m e n t   or  use  as  d e s i r e d .  

A  bottom  f r a c t i o n   wi thdrawn  from  column  61  by  condui t   105 
at  a  t e m p e r a t u r e   of  about  590°F  is  passed   in  p a r a l l e l   f l o w  
a r r angemen t   p a r t i a l l y   th rough   a  high  p r e s s u r e   s t r e a m  
g e n e r a t i n g   hea t   exchanger   107  and  p a r t i a l l y   through  a  c r u d e  
o i l   feed  hea t   exchanger   109  b e f o r e   being  combined  again  a s  
a  s i n g l e   t e m p e r a t u r e   r educed   s t r eam  for  passage   t h r o u g h  
heat   exchanger   111  p rov ided   for  g e n e r a t i n g   150  psig  s t e a m  
i n d i r e c t l y .   A  p o r t i o n   of  the  bot toms  f r a c t i o n   thus  c o o l e d  
is  passed   by  c o n d u i t   113  d i r e c t l y   to  the  main  column  61.  
A  p o r t i o n   of  t h i s   m a t e r i a l   is  d i v e r t e d   by  condui t   19  f o r  

use  as  quench  f l u i d   of  the  MRS  vapors   as  d i s c u s s e d   a b o v e .  
S t i l l   a n o t h e r   p o r t i o n   of  the  cooled   m a t e r i a l   w i t h d r a w n  
from  exchanger   111  is  passed   by  c o n d u i t   115  to  a  s l u r r y  



s e t t l e r   drum  117.  In  s l u r r y   s e t t l e r   drum  117  a  s e p a r a t i o n  
is  made  which  p e r m i t s   w i t h d r a w a l   of  a  d e m e t a l l i z e d  
m a t e r i a l   by  condu i t   119  which  is  f u r t h e r   cooled   in  h e a t  

exchange r   121  b e f o r e   admix tu re   with  m a t e r i a l   in  c o n d u i t  
93  charged  to  heat   exchanger   95.  Heat  exchange r   121  i s  
r e l i e d   upon  to  p roduce   150  ps ig   steam  with  hea t   e x c h a n g e r  
95  p r o v i d i n g   p r e h e a t   to  b o i l e r   feed  water   for   p r o d u c i n g  
450  pound  steam.  P r o v i s i o n   is  made  for  c h a r g i n g   the  MRS 
feed  ( reduced  crude  c o n t a i n i n g   feed)  to  a  charge   drum  123 

by  condu i t   125  from  which  a  bottoms  f r a c t i o n   is  w i t h d r a w n  

by  condu i t   127  and  a  low  b o i l i n g   p o r t i o n   of  the  charge  may 
be  s e p a r a t e d   and  wi thdrawn  by  condu i t   129  in  a  p a r t i c u l a r  
embodiment  which  m a t e r i a l   is  i n t r o d u c e d   to  a  lower  p o r t i o n  
of  the  main  column  61  but  above  the  MRS  quenched  p r o d u c t  
m a t e r i a l   in  c o n d u i t   17.  The  high  b o i l i n g   h y d r o c a r b o n  
charge   r e c o v e r e d   from  drum  123  by  condu i t   127  is  p a s s e d  
d i r e c t l y   to  the  MRS  r i s e r   r e a c t o r   for  d e m e t a l l i z a t i o n   a s  
above  d e s c r i b e d   or  i t   may  be  d i v e r t e d   at  l e a s t   in  p a r t  
th rough   the  s l u r r y   s e t t l e r   117  and  wi thdrawn  from  t h e  
bottom  t h e r e o f   by  condu i t   131  be fo re   being  charged   a s  
feed  to  the  MRS  r i s e r   r e a c t o r   with  s o l i d   p a r t i c u l a t e  
r e c o v e r e d   from  s l u r r y   s e t t l e r   117.  R e f e r r i n g   now  t o  
F igure   V  t he re   is  shown  an  a r r angement   of  v e s s e l s   w i t h  
i n t e r c o n n e c t i n g   c o n d u i t s   compr i s ing   an  RCC  r i s e r  

r e a c t o r - r e g e n e r a t o r   system  r e l i e d   upon  to  p r o c e s s   t h e  
d e m e t a l l i z e d   feed  m a t e r i a l s   o b t a i n e d   from  the  MRS  t h e r m a l  
d e m e t a l l i z i n g   u n i t .   As  ment ioned   above,  the  r e s i d u a l  
me ta l s   in  the  RCC  feed  on  the  bas i s   of  (Ni  +  V)  n i c k e l  

plus  vanadium  charged   to  the  RCC  r i s e r   r e a c t o r   w i l l   b e  

c o n s i d e r a b l y   reduced  by  the  MRS  so l id   c o n t a c t i n g   un i t   and  

u s u a l l y   w i l l   be  l e s s   than  about   100  ppm  Ni  +  V.  The 

o p e r a t i o n   of  the  RCC  system  is  s i m i l a r   in  many  r e s p e c t s  
to  an  (RCC)  f l u i d   c a t a l y s t   c r a c k i n g   system  but  is  more 
c r i t i c a l l y   and  s e l e c t i v e l y   c o n t r o l l e d   with  r e s p e c t   t o  

c a t a l y s t   r e g e n e r a t i o n   and  c a t a l y s t   use  in  o rde r   to  p r o c e s s  
thermal   c o n v e r t e d   high  b o i l i n g   r e s i d u a l   o i l s   or  r e d u c e d  
crudes  which  have  been  p a r t i a l l y   d e m e t a l l i z e d   and  d e c o k e d  
as  he r e in   p rov ided .   O p e r a t i o n   of  the  RCC  un i t   is  c r i t i c a l  



with  r e s p e c t   to  hea t   b a l a n c e   and  feed  c o n v e r s i o n   s e l e c t i v i t y  
s ince   r e l a t i v e l y   s u b s t a n t i a l   amounts  of  c a r b o n a c e o u s   d e p o s i t s  
are  l a i d   down  on  the  c a t a l y s t   depending  on  feed  c h a r g e d ,  
me ta l   d e p o s i t s   a c c u m u l a t e d   on  the  c i r c u l a t e d   c a t a l y s t   and  

over  c r a c k i n g   of  cha rged   feed  is  p o t e n t i a l l y   eminent   so  t h a t  

p r o d u c t   s e l e c t i v i t y   may  be  u n d e s i r a b l e ,   a l t e r e d   when  t h e  
b a l a n c e   of  the  o p e r a t i o n   is  p e r m i t t e d   to  vary  from  a 
r e l a t i v e l y   r e s t r i c t e d   range  of  o p e r a t i n g   c o n d i t i o n s   in to   l e s s  
than  an  e f f i c i e n t   and  economic  o p e r a t i o n .   Thus  i t   i s  
d e s i r a b l e   to  r e s t r i c t   the  o p e r a t i o n   of  a  two  s t age   r e g e n -  
e r a t i o n   o p e r a t i o n   of  the  RCC  system  so  as  to  r e s t r a i n   t h e  
amount  of  heat   t r a n s f e r r e d   to  the  RCC  r i s e r   c r a c k i n g   zone 
by  the  c a t a l y s t   and  yet   reduce  r e s i d u a l   coke  on  r e g e n e r a t e d  
c a t a l y s t   to  a  d e s i r e d   low  l e v e l .   The  c a t a l y s t   r e g e n e r a t i o n  
o p e r a t i o n   is  c o n s i d e r e d   unique  in  g e n e r a t i n g   CO  r i ch   f l u e  

gas  s u b s e q u e n t l y   used  to  advan tage   in  the  p r o c e s s   to  g e n e r a t e  
high  p r e s s u r e   steam  in  c o n j u n c t i o n   with  p r o v i d i n g   a  mass  o f  
a c t i v e   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   p a r t i c l e s   of  r e s t r i c t e d  

t e m p e r a t u r e   and  r e s i d u a l   coke  on  the  c a t a l y s t   p a r t i c l e s .  
More  i m p o r t a n t l y   however  is  the  i d e n t i f i c a t i o n   of  o p e r a t i n g  
c o n d i t i o n s   u t i l i z e d   in  the  hydrocarbon   c o n v e r s i o n   r i s e r  
r e a c t o r   which  pe rmi t s   one  to  p rocess   t h e r m a l l y   t r e a t e d   h e a v y  
c rudes   p a r t i a l l y   d e m e t a l l i z e d   and  decoked  as  h e r e i n   i d e n t i f i e d  
under  c o n d i t i o n s   p a r t i c u l a r l y   i n c r e a s i n g   the  y i e l d   of  d e s i r e d  
l i q u i d   fue l   p r o d u c t s   c o m p r i s i n g   g a s o l i n e   and  g a s i f o r m   m a t e r -  
i a l s   r e a d i l y   c o n v e r t e d   to  u s e f u l   fuel   p r o d u c t s   i n c l u d i n g  
g a s o l i n e   b o i l i n g   range  p r o d u c t   m a t e r i a l s   such  as  by  a l k y l a -  
t i o n ,   i s o m e r i z a t i o n ,   p o l y m e r i z a t i o n   or  a  c o m b i n a t i o n   t h e r e o f .  
The  h y d r o c a r b o n   c o n v e r s i o n   r i s e r   o p e r a t i o n s   of  the  MRS  a n d  
the  RCC  system  are  r e l a t i v e l y   high  v e l o c i t y   o p e r a t i o n s   a s  
h e r e i n   p o r v i d e d .   In  the  RCC  system  the  t e m p e r a t u r e   of  t h e  
c o n v e r s i o n   p roduc t   vapors   is  r e s t r i c t e d   to  w i t h i n   the  r a n g e  
of  950°F  to  about  1050°F  and  more  p a r t i c u l a r l y   r e s t r i c t e d  
not  to  exceed  about  1000°F  when  c h a r g i n g  t h e   d e m e t a l l i z e d  
feed  of  MRS  p r o c e s s i n g   h e r e i n   d e s c r i b e d   to  the  r i s e r   at  a  



t e m p e r a t u r e   of  about  400°F.  The  use  of  water   i n j e c t i o n  
and  steam  d i s p e r s i o n   is  r e l i e d   upon  in  s u b s t a n t i a l  

measure  for   t e m p e r a t u r e   c o n t r o l ,   feed  a tomized  d i s p e r -  
sion  and  in  a c h i e v i n g   a  high  v e l o c i t y   s u s p e n s i o n   of  c a t a -  

l y s t   p a r t i c l e s   and  h y d r o c a r b o n   feed  in  the  r i s e r   c r a c k i n g  
r e a c t i o n   t ime  frame  of  h y d r o c a r b o n s   in  c o n t a c t   w i t h  

c a t a l y s t   p a r t i c l e s   in  the  r i s e r   l e s s   than  about  4  s e c o n d s  
and  more  u s u a l l y   less   than  about   3  s econds .   Thus  i t   i s  

i m p o r t a n t   to  ach ieve   r ap id   d i s p e r s e d   c o n t a c t   of  f e e d  
with  c a t a l y s t   p a r t i c l e s   and  s e p a r a t i o n   of  hydrovapors   f r o m  

c a t a l y s t   s u b s t a n t i a l l y   i m m e d i a t e l y   upon  d i s c h a r g e   from  t h e  
r i s e r   r e a c t o r   c o n v e r s i o n   zone.  In  o rde r   to  accompl i sh   t h e  
above  i d e n t i f i e d   s e l e c t i v e   o p e r a t i o n   the  r i s e r   r e a c t o r   i s  

d e s i g n e d   to  ach ieve   high  v e l o c i t y   (about   180  f t . / s e c o n d )  
mixing  of  hot  c a t a l y s t   p a r t i c l e s   wi th   f l u i d i z i n g   g a s e o u s  
m a t e r i a l   and  with  charged  p a r t i a l l y   d e m e t a l l i z e d   h i g h  
b o i l i n g   feed  m a t e r i a l   in  a  lower  r e s t r i c t e d   d i a m e t e r  

p o r t i o n   of  the  r i s e r   r e a c t o r   s e c t i o n   and  t h e r e a f t e r  
d e c r e a s i n g   the  v e l o c i t y   of  the  s u s p e n s i o n   to  a  d i s c h a r g e  
v e l o c i t y   of  about  85  or  86  f e e t   per  second  a d j a c e n t   t h e  

upper  d i s c h a r g e   end  of  the  r i s e r .   This  combina t ion   a n d  
a l t e r a t i o n   of  the  s u s p e n s i o n   v e l o c i t y   is  a c c o m p l i s h e d  
p a r t i c u l a r l y   by  g r a d u a l l y   i n c r e a s i n g   the  d i ame te r   of  t h e  
r i s e r   in  an  upper   t r a n s i t i o n   s e c t i o n   t h e r e o f .   In  a 
p a r t i c u l a r l y   p r e f e r r e d   a r r a n g e m e n t   the  i n i t i a l l y   f o rmed  
s u s p e n s i o n   is  at  a  v e l o c i t y   of  about   180  f e e t   per  second  and  
the  v e l o c i t y   of  the  s u s p e n s i o n   d i s c h a r g e d   from  the  o p e n  
upper  end  of  the  r i s e r   r e a c t o r   is  about  86  f e e t   p e r  
second  a f t e r   p a s s i n g   th rough   an  expanding   t r a n s i t i o n  
s e c t i o n   and  the  d i s c h a r g e   t e m p e r a t u r e   is  m a i n t a i n e d  
below  about   1025°F  but  above  about   975°F  in  a  s p e c i f i c  
embodiment.   In  a  s p e c i f i c   a r r a n g e m e n t ,   the  r i s e r   r e a c t o r  
of  F igu re   V  is  about  198  f t .   t a l l   of  which  the  top  25  f e e t  

t h e r e o f   is  about  63  inches   in  d i a m e t e r   and  connec ted   by  a  
7  foot   t r a n s i t i o n   s e c t i o n   to  a  40  inch  d i ame te r   tube  com- 
p r i s i n g   the  lower  s e c t i o n   of  the  r i s e r   r e a c t o r .   F igure   V 



shows  i n t r o d u c i n g   a  m i x t u r e   of  the  d e m e t a l l i z e d   f e e d  
o b t a i n e d   from  the  MRS  un i t   MRS  naphtha   and  water   o b t a i n e d  
from  the  main  column  ove rhead   drum  to  a  bottom  or  upper  p o r -  
t i on   of  r i s e r   r e a c t o r   50  as  d e s i r e d .   Steam  may  be  c h a r g e d  
s e p a r a t e l y   to  the  bottom  of  the  r i s e r   and  with  d e m e t a l l i z e d   f e e d  

as  charged  to  a s s i s t   with  a tomized   and  v a p o r i z e d   d i s p e r s i o n  
of  the  heavy  o i l   feed  in  c o n t a c t   with  the  r e g e n e r a t e d   h o t  

c a t a l y s t   p a r t i c l e s   charged   to  the  bottom  p o r t i o n   of  t h e  
r i s e r   by  condu i t   52.  I t   is  thus   c o n t e m p l a t e d   forming  a  
high  v e l o c i t y   s u s p e n s i o n   of  steam  and  c a t a l y s t   with  or  w i t h -  
out  charged  naphtha  in  a  bot tom  p o r t i o n   of  the  r i s e r   a n d  

p r i o r   to  cha rg ing   the  d e m e t a l l i z e d   t h e r m a l l y   c o n v e r t e d   o i l  
feed  with  a d d i t i o n a l   q u a n t i t i e s   of  wate r   and /o r   s t e a m .  
Thus  i t   is  c o n t e m p l a t e d   c h a r g i n g   the  o i l   feed  admixed  w i t h  

a t o m i z i n g   d i l u e n t   such  as  s team  a n d / o r   naphtha   t h rough   a  
p l u r a l i t y   of  o i l   feed  a t o m i z i n g   feed  dev ices   not  shown  t o  
ach ieve   more  i n t i m a t e   c o n t a c t   of  the  high  b o i l i n g   feed  w i t h  
hot   r e g e n e r a t e d   f l u i d i z a b l e   c a t a l y s t   p a r t i c l e s   and  form  a  
s u i t a b l e   upf lowing   s u s p e n s i o n   t h e r e w i t h   u n d e r g o i n g  
c o n v e r s i o n   w i th in   the  time  and  t e m p e r a t u r e   c o n v e r s i o n  
frame  d e s i r e d .   The  c o n c e n t r a t i o n   of  c a t a l y s t   p a r t i c l e s  
in  the  upf lowing   s u s p e n s i o n   is  s e l e c t e d   to  be  w i t h i n   t h e  

range  of  about  2  to  10  lb s .   per  cubic  f t .   depending  upon  
the  compos i t i on   of  the  feed  cha rged   for  c a t a l y t i c   c o n v e r s -  
ion  t h e r e o f .  

Fo l lowing   t r a v e r s e   of  r i s e r   50  the  s u s p e n s i o n   is  d i s c h a r g e d  
from  the  top  open  end  of  the  r i s e r   and  r a p i d l y   s e p a r a t e d  
by  pa s s ing   gas i fo rm  p r o d u c t   m a t e r i a l   compr i s ing   h y d r o c a r b o n  

vapors   with  some  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   th rough   a 
p l u r a l i t y   of  p a r a l l e l   a r r a n g e d   cyc lone   s e p a r a t o r s   54 

g e n e r a l l y   compr i s ing   one  s t a g e   of  cyclone  s e p a r a t o r   p o s i -  
t i o n e d   about  the  upper  end  of  the  r i s e r .   However,  at  l e a s t  
two  cyclone  s e p a r a t o r s   in  s e r i e s   may  also  be  employed .  
S e p a r a t e d   p roduc t   vapors   or  g a s i f o r m   m a t e r i a l   c o m p r i s i n g  
hydroca rbon   c o n v e r s i o n   p r o d u c t s   are  c o l l e c t e d   in  p l enum 



chamber  56  and  wi thdrawn  t h e r e f r o m   by  c o n d u i t   58  communi- 
c a t i n g   with  a  RCC  p roduc t   r e c o v e r y   s e c t i o n   r e p r e s e n t e d   by 
F igure   VII  and  d i s c u s s e d   below.  C a t a l y s t   p a r t i c l e s   s e p a r a t e d  
from  vaporous   p r o d u c t s   of  hyd roca rbon   c o n v e r s i o n   are  c o l l e c t e d  
and  passed   downwardly  th rough  a  s t r i p p i n g   zone  60  c o u n t e r -  
c u r r e n t   to  s t r i p p i n g   gas  such  as  steam  i n t r o d u c e d   by  c o n d u i t  
62.  The  t e m p e r a t u r e   of  the  RCC  s t r i p p i n g   o p e r a t i o n   i s  

g e n e r a l l y   m a i n t a i n e d   w i t h i n   the  range  of  900°F  to  1 0 5 0 ° F .  
The  s t r i p p e d   c a t a l y s t   is  passed   by  a  s t a n d p i p e   or  c o n d u i t  
64  to  a  bed  of  c a t a l y s t   66  in  the  f i r s t   s t age   of  c a t a l y s t  
r e g e n e r a t i o n   a f f e c t e d   in  the  upper  p o r t i o n   of  a  two 

s tage   c a t a l y s t   r e g e n e r a t i o n   v e s s e l   68 .  

R e g e n e r a t i o n   v e s s e l   68  is  unique  in  t h a t   the  upper   p o r t i o n  
t h e r e o f   is  of  l a r g e r   d i ame te r   than  a  bot tom  p o r t i o n   and  

s e p a r a t e d   from  one  ano the r   by  a  c e n t r a l l y   l o c a t e d   a i r  
d i s t r i b u t o r   plenum  chamber  70  s u p p o r t e d   by  an  a n n u l a r  
b a f f l e   72  p r o v i d e d   with  f lue   gas  flow  t h r o u g h   p a s s a g e w a y  
74.  A  p l u r a l i t y   of  r a d i a t i n g   arm  means  76  are  p rov ided   w i t h  
plenum  70  for   i n t r o d u c i n g   a d d i t i o n a l   r e g e n e r a t i o n   gas  to  a  
lower  p o r t i o n   of  c a t a l y s t   bed  66.  R e g e n e r a t o r   a i r   in  a 
s p e c i f i c   embodiment  amounting  to  about  75%  of  t h a t   r e q u i r e d  
to  a c h i e v e   d e s i r e d   ca rbonaceous   m a t e r i a l   removal  by  b u r n i n g  
and  r e g e n e r a t i o n   of  the  c a t a l y s t   is  i n t r o d u c e d   t o  
plenum  chamber  70  by  condu i t   78.  The  r e g e n e r a t i o n   g a s  
such  as  a i r   may  be  p r e h e a t e d   by  means  not  shown  to  a  d e s i r e d  
e l e v a t e d   t e m p e r a t u r e   of  about  300°F.  The  c a t a l y s t   i n t r o -  
duced  to  bed  66  by  condu i t   64  compr i ses   c a r b o n a c e o u s  

d e p o s i t s   of  the  r i s e r   hydroca rbon   c o n v e r s i o n   o p e r a t i o n  a n d  
c o n t a i n   some  hydrogen .   In  t h i s   f i r s t   s t age   of  c a t a l y s t  
r e g e n e r a t i o n   o p e r a t i o n ,   the  r e g e n e r a t i o n   t e m p e r a t u r e   is  k e p t  
to  a  low  va lue   in  the  range  of  about   1200°F  up  to  a b o u t  
1300°F  under   combust ion   s u p p o r t i n g   c o n d i t i o n s   of  c a r b o n a c e -  

ous  d e p o s i t s   s u f f i c i e n t   to  e f f e c t   p a r t i a l   removal  o f  
c a rbonaceous   d e p o s i t s   and  produce  a  CO  r i ch   f lue   g a s .  
CO  r i ch   f lue   gases   compr i s ing   C02,  s u l f u r   o x i d e s ,   n i t r o g e n  



and  wa t e r   vapor  pass  th rough   a  combina t ion   of  p a r a l l e l  
a r r a n g e d   cyc lone   s e p a r a t o r s   and  which  may  compr i se   two  on 
s e r i e s   and  r e p r e s e n t e d   by  cyc lones   80  where in   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   are  s e p a r a t e d   from  f lue   gas  and  r e t u r n e d  

by  the  cyc lone   d ip l eg   to  the  c a t a l y s t   bed  66.  Flue  g a s  
s e p a r a t e d   from  c a t a l y s t   p a r t i c l e s   is  passed   to  a  plenum  chamber  
82  for   w i t h d r a w a l   t h e r e f r o m   by  condui t   84  as  a  CO  r i ch   f l u e  

gas  for   use  as  d i s c u s s e d   b e l o w .  

The  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  66  is  passed   to  a  
second  s t age   of  c a t a l y s t   r e g e n e r a t i o n   below  the  f i r s t   s t a g e  
th rough   an  e x t e r n a l   s t a n d p i p e   86  p rov ided   with  a  c a t a l y s t  
c o o l e r   88  wherein   high  p r e s s u r e   450  pound  steam  is  g e n e r a t e d .  
The  c a t a l y s t   p a r t i a l l y   coo led   in  steam  b o i l e r   88  and  o n l y  
p a r t i a l l y   r e g e n e r a t e d   is  then  passed  by  c o n d u i t   90  to  a  f l u i d  
bed  of  c a t a l y s t   92  in  the  lower  p o r t i o n   of  the  r e g e n e r a t i o n  
v e s s e l   68  and  compr i s ing   the  second  s tage   of  c a t a l y s t   r e g e n -  
e r a t i o n .   S t andp ipe   94  is  a l so   p rov ided   as  a  s e c o n d a r y   e x t e r n a l  
s t a n d p i p e   for  t r a n s f e r   of  c a t a l y s t   from  bed  66  to  bed  92 .  

However,  s t a n d p i p e   86  is  the  pr imary  route   of  c a t a l y s t   t r a n s f e r  
from  bed  66  to  bed  92.  The  use  of  these   t r a n s f e r   s t a n d p i p e s  
is  to  t r a n s f e r   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   and  m a i n t a i n  

t e m p e r a t u r e   c o n t r o l   in  the  lower  r e g e n e r a t i o n   s t a g e   f o r  
r e s i d u a l   carbon  burn  below  at  a  t e m p e r a t u r e   w i t h i n   the  r a n g e  
of  1325  up  to  about  l500°F.   R e g e n e r a t i o n   of  c a t a l y s t   in  bed  
92  is  e f f e c t e d   at  a  t e m p e r a t u r e   g e n e r a l l y   h i g h e r   than  t h a t   o f  
bed  66  and  more  u s u a l l y   is  m a i n t a i n e d   at  a  t e m p e r a t u r e   w i t h i n  
the  range   of  1350  up  to  about   1400°F  and  in  the  p r e s e n c e   o f  

an  oxygen  c o n t a i n i n g   gas  s u f f i c i e n t   to  a ch i eve   s u b s t a n t i a l  

b u r n i n g   of  r e s i d u a l   coke  on  the  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   o b t a i n e d   from  bed  66.  In  one  s p e c i f i c   embodiment  t h e  
amount  of  a i r   or  oxygen  mod i f i ed   gas  employed  in  the  s e c o n d  

s t a g e   of  c a t a l y s t   r e g e n e r a t i o n   i n t r o d u c e d   by  c o n d u i t   96 

b e n e a t h   a  d i s t r i b u t i o n   g r id   98  is  only  about  25%  of  t h a t  

r e q u i r e d   to  accompl i sh   d e s i r e d   c a t a l y s t   r e g e n e r a t i o n   and  

p roduce   a  CO  r ich   f lue   gas  for  passage   to  and  r e c o v e r y   o r  
at  l e a s t   in  p a r t   from  the  f i r s t   s tage   of  r e g e n e r a t i o n .   T h a t  



i s ,   a l l   of  the  f lue   gas  from  the  second  s tage   of  r e g e n e r a -  
t i on   pass  th rough   openings   74  in  b a f f l e   member  72  s e p a r a t i n g  
the  upper   r e g e n e r a t o r   from  the  lower  r e g e n e r a t o r .   Thus  t h e  
h o t t e r   f lue   gases  of  the  second  s tage   o p e r a t i o n   c o m p r i s i n g  
CO,  C02  and  any  u n r e a c t e d   oxygen  c o n t a i n i n g   gas  pass  i n t o  
the  bottom  p o r t i o n   of  bed  66  t he reby   c o n t r i b u t i n g   heat   t o  
c a t a l y s t   bed  66  whereby  i n i t i a t i o n   of  the  combust ion  o f  
c a rbonaceous   d e p o s i t s   is  implemented .   R e g e n e r a t e d   c a t a l y s t  
of  r e l a t i v e l y   low  r e s i d u a l   coke  below  about  0.25  w e i g h t  

p r e c e n t   and  at  a  t e m p e r a t u r e   w i t h i n   the  range  of  1300  t o  
1500°F  is  wi thdrawn  from  c a t a l y s t   bed  92  for  passage   by 
condu i t   ( s t a n d p i p e )   52  to  a  lower  bottom  p o r t i o n   of  r i s e r   50 
and  reuse   as  h e r e i n   be fo re   d i s c u s s e d .  

The  p r o d u c t   r e c o v e r y   s e c t i o n   of  the  RCC  u n i t   is  shown  i n  

F igure   VII.  R e f e r r i n g   now  to  F igure   VII,   vaporous   h y d r o -  
carbon  p r o d u c t s   and  d i l u e n t   m a t e r i a l s   of  the  RCC  r e a c t o r  
wi thdrawn  by  c o n d u i t   58  (F igure   VI)  are  passed   to  a  b o t t o m  

p o r t i o n   of  main  column  100  for  s e p a r a t i o n   by  f r a c t i o n a t i o n  

as  h e r e i n a f t e r   b r i e f l y   d i s c u s s e d .   A  vaporous   or  g a s i f o r m  
m a t e r i a l   c o m p r i s i n g   h y d r o c a r b o n   vapors   and  d i l u e n t   is  w i t h -  
drawn  from  the  top  of  column  100  by  condu i t   102  for  p a s s a g e  
th rough   a i r   c o o l e r   104,  and  heat   exchanger   106  to  drum  108.  
In  drum  108  m a i n t a i n e d   at  a  t e m p e r a t u r e   s u f f i c i e n t   to  r e c o v e r  
400°F  m a t e r i a l   by  condu i t   110,  a  s e p a r a t i o n   is  made  w h i c h  
p e r m i t s   the  r e cove ry   of  e q u i l i b r i u m   hyd roca rbon   v a p o r s  
c o m p r i s i n g   400°F  minus  m a t e r i a l   by  condu i t   110,  a  g a s o l i n e  
b o i l i n g   range  p roduc t   m a t e r i a l   is  a lso  r e c o v e r e d   by  c o n d u i t  
112,  a  p o r t i o n   of  which  is  r e c y c l e d   as  r e f l u x   to  column  100 

by  c o n d u i t   114  and  the  r ema in ing   p o r t i o n   being  passed  by 
c o n d u i t   116  to  a  p r imary   a b s o r b e r   column  of  the  RCC  g a s  
c o n c e n t r a t i o n   s e c t i o n   of  F igure   I I I   d i s c u s s e d   below.  Sour  
water   compr i s i ng   s u l f u r   compounds  is  r e c o v e r e d   from  drum  108 

by  condu i t   118  for  d i s t r i b u t i o n   to  a  sour  wate r   s t r i p p e r   n o t  
shown  or  as  r e c y c l e d   by  condu i t   118  to  the  RCC  r i s e r   r e a c t o r  
as  d i s c u s s e d   above  with  r e s p e c t   to  F igure   V.  A  l i g h t   c y c l e  



oi l   (LCO)  r e c o v e r e d   in  the  system  of  F igure   I I I   is  c h a r g e d  

by  c o n d u i t   120  to  an  upper  p o r t i o n   of  column  100  below  a b o u t  

t r ay   12,  but  above  a  g r i d   packing   s e c t i o n   shown.  A  l i g h t  
cyc le   o i l   is  wi thdrawn  from  column  100  above  t r ay   13  by 
c o n d u i t   122.  A  p o r t i o n   of  t h i s   withdrawn  LCO  may  be  r e c y c l e d  
d i r e c t l y   to  the  column  with  the  major  p o r t i o n   t h e r e o f  

being  passed  d i r e c t l y   to  the  system  of  F igure   I I I   d i s c u s s e d  
below.  A  p o r t i o n   of  the  LCO  wi thdrawn  by  c o n d u i t   122  i s  

passed   by  condu i t   124  to  a  LCO  s t r i p p e r   126.  M a t e r i a l  
s t r i p p e d   from  the  l i g h t   cyc le   o i l   with  steam  in  zone  126 
is  r e t u r n e d   to  the  main  column  by  condu i t   128.  S t r i p p e d  
LCO  is  withdrawn  from  s t r i p p e r   126  by  condu i t   130  f o r  

passage   through  heat   exchange r   132,  a i r   c o o l e r   134  and 
c o o l e r   136  be fo re   p a s s a g e   to  s t o r a g e .   A  p o r t i o n   of  t h i s  
m a t e r i a l   may  be  used  as  f l u s h i n g   f l u i d   in  pumps,  i n s t r u -  

ments  and  o ther   p r o c e s s   equ ipment   of  the  c o m b i n a t i o n  

p r o c e s s .  

A  heavy  cycle  o i l   (HCO)  is  r e c o v e r e d   from  column  100  by 
c o n d u i t   138  for  p a s s a g e   to  a  hea t   exchanger   140  in  t h e  

system  of  Figure  I I I   whereby  c o o l i n g   of  the  HCO  is  accomp-  
l i s h e d   before   r e c y c l e   t h e r e o f   to  an  upper  p o r t i o n   of  the  ma in  
column  by  condu i t   142.  A  bot toms  f r a c t i o n   is  r e c o v e r e d   f rom 
the  main  column  by  c o n d u i t   144  for  passage   to  hea t   e x c h a n g e  
means  146  a s s o c i a t e d   wi th   the  d e b u t a n i z e r   tower  of  F i g u r e  
I I I   d i s c l o s e d   below.  This  m a t e r i a l   f o l l o w i n g   coo l i ng   t h e r e -  
of  by  heat   exchange  means  146  is  r e c y c l e d   to  the  main  column 
of  F igure   VII  by  c o n d u i t   148.  P r o v i s i o n   is  a l so   made  f o r  
p a s s i n g   a  p o r t i o n   of  the  high  b o i l i n g   m a t e r i a l   in  c o n d u i t  
144  through  a  steam  b o i l e r   150  by  condu i t   152  and  h e a t  

exchange  coole r   154.  The  high  b o i l i n g   m a t e r i a l   thus  c o o l e d  
is  combined  with  s l u r r y   m a t e r i a l   in  condu i t   148  for  r e c y c l e  
to  the  main  column  below  about   t ray   20  to  m a i n t a i n   t h e  

t e m p e r a t u r e   in  a  bot tom  p o r t i o n   of  the  column  about  650°F .  
A  p o r t i o n   of  the  high  b o i l i n g   m a t e r i a l   in  c o n d u i t   144  may 
a l so   be  passed  by  c o n d u i t   156  to  s l u r r y   s e t t l e r   158  f rom 



which  a  c l a r i f i e d   o i l   is  r e c o v e r e d   by  condu i t   160  and  c o o l e d  

by  heat   exchange r   162  and  164  b e f o r e   being  passed  to  s t o r a g e  

for  o t h e r   use  as  d e s i r e d .   The  c l a r i f i e d   o i l   thus  r e c o v e r e d  

is  s u i t a b l e   for  use  in  heavy  fue l   o i l   b l end ing   o p e r a t i o n s  

or  it   may  be  r e c y c l e d   to  the  RCC  r i s e r   for  f u r t h e r   c o n v e r s i o n  

t h e r e o f .  

The  reduced   crude  c o n t a i n i n g   feed  d e m e t a l l i z e d   by  the  MRS 

system  of  F i g u r e s   IV  and  VI  and  r e c o v e r e d   by  condu i t   97  i s  

passed   to  charge   drum  168  where in   depending  on  t e m p e r a t u r e  
c o n d i t i o n s   m a i n t a i n e d ,   a  s e p a r a t i o n   may or  may  not  be  made 
b e f o r e   p a s s i n g   the  RCC  charge  m a t e r i a l   a l l   or  in  pa r t   t h e r e o f  

to  the  s l u r r y   s e t t l e r   158  by  c o n d u i t   170.  A  p o r t i o n   of  t h e  
RCC  charge  m a t e r i a l   may  a l so   be  passed   through  e x c h a n g e r  
154  b e f o r e   being  combined  with  the  s l u r r y   s e t t l e r   b o t t o m s  
and  pas sage   as  feed  to  the  RCC  r i s e r   r e a c t o r   by  condu i t   1 7 2 .  
Low  b o i l i n g   component  m a t e r i a l   in  the  charge  passed  to  drum 
168  may  be  s e p a r a t e d   and  passed   overhead   by  condu i t   174  t o  
the  main  column  100.  On  the  o t h e r   hand  i t   is  c o n t e m p l a t e d  
r e c o v e r i n g   a  heavy  cycle  o i l   (HCO)  type  m a t e r i a l   from  t h e  
main  column  for   admixture   in  drum  168  by  condu i t   174  w i t h  
the  charge   m a t e r i a l   i n t r o d u c e d   by  condu i t   97.  

One  of  the  more  impor t an t   a s p e c t s   of  the  combina t ion   o p e r a -  
t i on   of  t h i s   i n v e n t i o n   with  r e s p e c t   to  p r o c e s s i n g   e f f i c i e n c y  
and  energy  c o n s e r v a t i o n   r e s i d e s   in  the  gas  c o n c e n t r a t i o n  
s e c t i o n   r e p r e s e n t e d   by  F igure   I I I .   In  th i s   a r r angemen t   o f  
p r o c e s s i n g   s t e p s ,   the  e q u i l i b r i u m   hydroca rbon   v a p o r o u s  
m a t e r i a l   r e c o v e r e d   from  the  RCC  main  column  100  o v e r h e a d  
drum  108  by  c o n d u i t   110  is  charged   to  a  compressor   s u c t i o n  
drum  at  a  t e m p e r a t u r e   of  about   100°F  and  a  p r e s s u r e   of  a b o u t  
5  ps ig   p r o v i d e d   with  a  d e m i s t e r   pad  in  an  upper  p o r t i o n  
t h e r e o f .   In  normal  o p e r a t i o n ,   no  l i q u i d   p roduc t   is  s e p a r a -  
ted  in  low  p r e s s u r e   drum  176  so  t h a t   the  t o t a l   h y d r o c a r b o n  
vapor  s t ream  charged  to  drum  176  and  compr i s ing   C2  p l u s  



m a t e r i a l   and  g a s o l i n e   component  m a t e r i a l   b o i l i n g   up  t o  
about   400°F  is  removed  overhead   by  c o n d u i t   178  for  p a s s a g e  
to  a  f i r s t   s t age   of  compres s ion   180  to  r a i s e   the  p r e s s u r e  
of  t h i s   e q u i l i b r i u m   s t ream  up  to  about  75  p s i g .   The 

compressed  m a t e r i a l   in  condu i t   182  is  p a r t i a l l y   c o o l e d  

by  the  d i r e c t   a d d i t i o n   of  water   t h e r e t o   f o l l owed   by 
f u r t h e r   coo l ing   in  hea t   exchanger   184  be fo re   d i s c h a r g e   i n  
drum  186.  A  s e p a r a t i o n   is  made  in  drum  186  to  p rov ide   a  
l i q u i d   s t ream  wi thdrawn  by  condu i t   188  and  a  v a p o r o u s  
s t ream  withdrawn  by  condu i t   190.  The  vaporous   m a t e r i a l   i s  
f u r t h e r   compressed  in  compressor   192  and  r e c o v e r e d   t h e r e f r o m  
at  an  e l e v a t e d   p r e s s u r e   by  condu i t   194  for  p a s s a g e   to  drum 
200  downstream  t h e r e o f   at  a  p r e s s u r e   in  the  range  of  a b o u t  
210-215  psig  and  a  t e m p e r a t u r e   of  about  60°F.  The  c o m p r e s s e d  
vaporous   m a t e r i a l   in  condu i t   194  is  mixed  with  l i q u i d   i n  
c o n d u i t   188  p r o v i d e d   with  a  pump  not  shown  for   pas sage   t o  
a i r   coo le r   196  and  hea t   exchanger   198  b e f o r e   e n t e r i n g   drum 
200  b r i e f l y   r e f e r r e d   to  above.  Vaporous  m a t e r i a l   from  t h e  
MRS  wet  gas  compresso r   in  c o n d u i t   75  i s  a d d e d   to  v a p o r o u s  
m a t e r i a l   in  c o n d u i t   194  be fo re   p a s s i n g   up  to  a i r   coo l e r   196 .  

In  drum  200  an  e q u i l i b r i u m   s e p a r a t i o n   is  made  at  a  t e m p e r a t u r e  
of  about  60°F  and  p r e s s u r e   of  about  215  ps ig   to  r e c o v e r   a  
hyd roca rbon   vaporous   m a t e r i a l   b o i l i n g   below  400°F  w i t h d r a w n  
by  condu i t   202  from  a  l i q u i d   hyd roca rbon   p r o d u c t   r e c o v e r e d  
by  condu i t   204  and  water   r e c o v e r e d   by  c o n d u i t   206.  The 

vaporous   m a t e r i a l   in  c o n d u i t   202  is  passed   to  the  l o w e r  
bot tom  p o r t i o n   of  a  p r imary   a b s o r b e r   column  208.  L i q u i d  
m a t e r i a l   r e c o v e r e d   from  the  main  column  100  ove rhead   drum 
108  by  condu i t   116  ( F i g u r e   VII)  is  charged   to  an  u p p e r  
p o r t i o n   of  a b s o r b e r   column  208.  A  pr imary   f u n c t i o n   o f  
a b s o r b e r   column  208  m a i n t a i n e d   at  a  top  t e m p e r a t u r e   of  114°F 
and  a  bottom  t e m p e r a t u r e   of  111°F  is  to  e f f e c t   a  s e p a r a t i o n  
of  C3+  m a t e r i a l   from  lower  b o i l i n g   gaseous   m a t e r i a l   c o m p r i s -  
ing  e thane   wi thdrawn  by  condu i t   226.  To  a s s i s t   in  t h i s  



s e p a r a t i o n   e f f o r t   a  f i r s t   pump  around  s t ream  is  w i t h d r a w n  

from  an  upper  p o r t i o n   of  the  a b s o r b e r   column  above  t ray   13 

by  condu i t   210,  coo led   in  coo l e r   or  heat   exchanger   202  and  

r e t u r n e d   to  the  column  by  condu i t   214.  A  second  pump  a r o u n d  

s t ream  is  wi thdrawn  about   t r ay   27  by  condu i t   216,  cooled  i n  
c o o l e r   or  heat   exchange r   218  and  r e t u r n e d   by  condu i t   220  t o  
the  column  above  t r ay   27.  The  e f f i c i e n c y   of  a b s o r b e r   column 
208  is  f u r t h e r   improved  by  cha rg ing   g a s o l i n e   p roduc t   m a t e r i a l  

r e c o v e r e d   as  h e r e i n   a f t e r   d i s c u s s e d   by  c o n d u i t   222  to  an  u p p e r  
top  p o r t i o n   of  the  tower  208.  This  method  of  o p e r a t i n g   t h e  

pr imary   a b s o r b e r   has  been  found  to  c o n s i d e r a b l y   improve  t h e  

s e p a r a t i o n   and  r e c o v e r y   of  C2  and  lower  b o i l i n g   m a t e r i a l s  
from  more  d e s i r a b l e   h i g h e r   b o i l i n g   m a t e r i a l   p roduced  and 

s e p a r a t e d   in  the  p r o c e s s .   The  a b s o r b e r   bot toms  is  r e c o v e r e d  

by  condu i t   224  and  pas sed   to  a i r   coo le r   196  along  w i t h  
m a t e r i a l   in  c o n d u i t   194  and  t h a t   wi thdrawn  from  the  top  o f  

s t r i p p e r   242.  The  gaseous   overhead   m a t e r i a l   of  column  208 
is  wi thdrawn  by  c o n d u i t   226  for  passage   to  a  sponge  o i l  
a b s o r b e r   tower  228.  A  l i g h t   cyc le   oi l   (LCO)  p r o d u c t  
r e c o v e r e d   from  the  main  column  f r a c t i o n a t o r   F igure   VII  by  
c o n d u i t   112  and  cooled   as  h e r e i n a f t e r   d i s c u s s e d   is  employed  
as  sponge  o i l   in  column  228  to  e f f e c t   r e c o v e r y   of  C3+ 
c o n s t i t u e n t s   from  C2  components   in  the  gaseous   s t ream  o f  
c o n d u i t   226  c o m p r i s i n g   e thane   and  hydrogen.   The  C2  p r o d u c t  
is  wi thdrawn  by  c o n d u i t   230.  The  sponge  o i l   (LCO)  in  c o n d u i t  
112  is  passed  t h rough   c o o l e r   232  heat   exchange r   234  and  
c o o l e r   236  be fo re   d i s c h a r g e   in  an  upper  p o r t i o n   of  column 
228.  The  sponge  o i l   e n r i c h e d   with  C3+  components  is  w i t h -  
drawn  by  condu i t   238  for   passage   through  heat   exchanger   238 
and  r ecove ry   t h e r e f r o m   by  c o n d u i t   240  and  r e t u r n   to  t h e  
main  column  by  c o n d u i t   120 .  

The  l i q u i d   hyd roca rbon   p r o d u c t   r e c o v e r e d   by  condu i t   204 
from  drum  200  is  pumped  for  d i s c h a r g e   in  the  upper  t o p  
p o r t i o n   of  a  s t r i p p e r   column  242.  A  400°F  minus  m a t e r i a l  



charged  to  s t r i p p e r   242  is  wi thdrawn  from  the  bottom  o f  

s t r i p p e r   242  by  condu i t   248  for   pas sage   to  a  d e b u t a n i z e r  

tower  250.  D u b t a n i z e r   tower  250  is  m a i n t a i n e d   at  a  t o p  
t e m p e r a t u r e   of  143°F  and  a  bot tom  t e m p e r a t u r e   of  394°F  and  

p r e s s u r e   c o n d i t i o n s   p romot ing   the  s e p a r a t i o n   of  C3+  m a t e r i a l  

charged   by  condu i t   248  to  be  s e p a r a t e d   in to   a  C3-C4  r i c h  
f r a c t i o n   removed  from  the  top  of  the  tower  by  c o n d u i t   252 
and  passage   through  a i r   c o o l e r   254,  c o o l e r   256  to  drum 

258.  S e p a r a t e d   C3-C4  p r o d u c t   m a t e r i a l   is  r e c o v e r e d   f r o m  
drum  258  for  f u r t h e r   t r e a t i n g   as  d e s i r e d   such  as  a l k y l a t i o n ,  

p o l y m e r i z a t i o n   and  i z o m e r i z a t i o n   with  a  p o r t i o n   t h e r e o f  

r e c y c l e d   to  an  upper  p o r t i o n   of  tower  250,  as  r e f l u x .   A 

C5+  g a s o l i n e   f r a c t i o n   is  r e c o v e r e d   from  the  bottom  o f  

tower  250  by  condu i t   260.  A  p o r t i o n   of  t h i s   C5+  g a s o l i n e  
f r a c t i o n   is  passed   to  hea t   exchange r   246,  then  to  a i r   c o o l e r  

262,  hea t   exchanger   264  and  r e c o v e r y   t h e r e f r o m   by  c o n d u i t  

266.  A  p o r t i o n   of  t h i s   r e c o v e r e d   g a s o l i n e   f r a c t i o n   is  r e c y -  
c led  by  condu i t   222  to  tower  208  as  d i s c u s s e d   above  t o  

improve  s e p a r a t i o n   and  r e c o v e r y   between  e thane   and  l o w e r  

b o i l i n g   m a t e r i a l   from  h i g h e r   b o i l i n g   C3+  h y d r o c a r b o n s .  
Another   p o r t i o n   of  the  C5+  g a s o l i n e   r e c o v e r e d   by  c o n d u i t  
260  is  s e p a r a t e d   in to   p a r a l l e l   s t r eams   for   passage   t h r o u g h  
exchange r s   140  and  146  to  r a i s e   the  t e m p e r a t u r e   t h e r e o f  
b e f o r e   r e c y c l e   to  a  lower  p o r t i o n   of  column  2 5 0 .  

An  i m p o r t a n t   a spec t   of  the  o v e r a l l   p r o c e s s i n g   c o m b i n a t i o n  
of  t h i s   i n v e n t i o n   is  c o n c e r n e d   with  the  g e n e r a t i o n   of  CO 
r i c h   f lue   gases ,   c o m b i n a t i o n   of  the  CO  r i ch   f lue   to  g e n e r a t e  
high  and  low  p r e s s u r e   steam  used  in  the  p roces s   and  d i s t r i -  
buted  as  b r i e f l y   d i s c u s s e d   h e r e i n ,   thus  c o n t r i b u t i n g   t o  
s i g n i f i c a n t   sav ings   in  ene rgy .   F igu re   II  is  p a r t i c u l a r l y  
d i r e c t e d   to  an  a r r angement   and  u t i l i z a t i o n   of  CO  r i ch   f l u e  

gas  o b t a i n e d   from  the  r e g e n e r a t o r   v e s s e l   of  the  MRS  u n i t   a n d  
the  RCC  un i t   d i s c u s s e d   in  more   d e t a i l   above.  A  f u r t h e r  
s i g n i f i c a n t   a spec t   of  the  o p e r a t i o n   is  concerned   w i t h  



the  r e cove ry   of  s u l f u r   ox ides   found  in  the  r e g e n e r a t i o n  

f lue   gas  so  t h a t   cooled  f lue   gas  may  be  ven ted   d i r e c t l y   t o  
the  a tmosphere   w i t h o u t   harmful   e f f e c t .   In  the  a r r a n g e m e n t  
of  F igure   II ,   CO  r i ch   f lue   gas  from  the  RCC  r e g e n e r a t o r  
of   F igure   V  wi thdrawn  by  condu i t   84  is  cha rged   in  pa r t   t o  
CO  b o i l e r   270  and  by  c o n d u i t   272  to  CO  b o i l e r   274.  R e g e n e r a -  
t i o n   f lue   gas  r e c o v e r e d   from  the  MRS  r e g e n e r a t o r   by  c o n d u i t  
47  is  charged  in  pa r t   to  CO  b o i l e r   274  and  by  condu i t   276 
to  CO  b o i l e r   270.  This  p a r a l l e l   flow  a r r a n g e m e n t   of  CO 
r i c h   f lue   gas  to  the  p a r a l l e l   a r ranged   CO  b o i l e r s   i n  
admix tu re   with  added  combust ion   s u p p o r t i n g   gas  p e r m i t s  
o p e r a t i n g   one  w i t h o u t   the  o the r   dur ing  shut   down  for  any  
p a r t i c u l a r   r e a son .   The  CO  b o i l e r s   c o n t e m p l a t e d   for  u s e  
compr ise   d i r e c t l y   c o n t a c t i n g   l imes tone   p a r t i c u l a t e   w i t h  
combust ion   f lue   gas  f o l l o w i n g   combust ion  of  CO  with  a d d e d  
a i r   and  in  i n d i r e c t   hea t   exchange  with  b o i l e r   feed  w a t e r  
charged   to  a  given  CO  b o i l e r   a r rangement   for   g e n e r a t i o n   o f  
high  p r e s s u r e   450  lb.   steam  r ecove red   t h e r e f r o m   by  means  
p r o v i d e d .   In  t h i s   o p e r a t i n g   a r rangement   ca lc ium  oxide  and 
ca lc ium  s u l f a t e   are  formed  dur ing   d i r e c t   c o n t a c t   between  a 
f l u i d   bed  of  l i m e s t o n e   p a r t i c u l a t e   and  combus t ion   p r o d u c t  
gases   and  s e p a r a t e l y   r e c o v e r e d   so  t ha t   the  f lue   gas  c o m b u s t -  
ion  p roduc t s   s e p a r a t e d   from  s u l f u r   c o n t a m i n a n t   may  b e  
d i s c h a r g e d   d i r e c t l y   to  the  a tmosphere   th rough   a  s tack   288 
provided, .   The  f l u i d i z e d   l imes tone   thus  c o n v e r t e d   in  CO  b o i l e r  
270  and  274  is  r e c o v e r e d   by  condui t   means  278  and  by  
c o n d u i t   means  280  from  CO  b o i l e r   274.  Combustion  p r o d u c t s  
of  CO  b o i l e r   270  are  passed   by  condu i t   282  to  bag  house  284 
for  r ecove ry   of  f i n e s   t h e r e f r o m   be fo re   p a s s i n g   by  c o n d u i t  
286  to  s tack   288  and  r e l e a s e   to  the  a t m o s p h e r e .  

Combustion  product   gases   of  CO  b o i l e r   274  are  passed   by  
c o n d u i t   290  to  bag  house  292  for  removal  of  e n t r a i n e d   f i n e s  
b e f o r e   passage  by  c o n d u i t   294  to  s tack  288  e i t h e r   s e p a r a t e l y  
or  admixed  with  gases   in  condu i t   286.  High  p r e s s u r e   s t e a m  



is  r e c o v e r e d   from  zone  270  by  condu i t   296  and  from  zone  274 

by  condu i t   298 .  

An  i m p o r t a n t   a s p e c t   of  the  combina t ion   o p e r a t i o n   of  t h i s  
i n v e n t i o n   is  conce rned   with  the  u t i l i z a t i o n   of  g e n e r a t e d   s t e a m  

by  the  p roce s s   and  heat   exchange  a r r a n g e m e n t   p r o v i d e d   t o  
accompl i sh   t r a n s f e r ,   u t i l i z a t i o n   and  r e c o v e r y   of  hea t   e n e r g y  
by  the  combina t i on   o p e r a t i o n .   That  is  the  high  p r e s s u r e  
steam  g e n e r a t e d   by  CO  b o i l e r   a r r a n g e m e n t   is  r e l i e d   upon  t o  
d r i ve   t u r b i n e s   for  the  a i r   b lowers   for   the  MRS  and  RCC 

r e g e n e r a t o r s   above  d i s c u s s e d ,   t h e r e   be ing   two  such  a i r  
b lower   a r r a n g e m e n t s   for  the  MRS  r e g e n e r a t o r   because   of  t h e  

r e g e n e r a t i o n   a i r   r e q u i r e m e n t s   t h e r e o f .   This  g e n e r a t e d   h i g h  

p r e s s u r e   steam  is  a lso   u t i l i z e d   to  d r i ve   a i r   blower  p r o v i d i n g  
combus t ion   a i r   to  the  CO  b o i l e r s ,   as  wel l   as  to  d r ive   t u r b i n e s  
for  the  RCC  wet  gas  compressors   180  and  192  and  the  MRS  w e t  

gas  compressor   73.  The  RCC  s l u r r y   steam  g e n e r a t o r   150  p r o -  
v ides   450  lbs .   steam  as  does  the  MRS  steam  drum  107.  T h i s  

g e n e r a t e d   high  p r e s s u r e   steam  is  u t i l i z e d   to  d r i v e   t u r b i n e s  
for  the  MRS  charge  pump  (not  shown),  the  RCC  charge   pump 
(not  shown),  the  RCC  s l u r r y   pumps  (not  shown)  and  a  b o i l e r  
feed  water   pump  (not  shown).  The  RCC  s l u r r y   steam  g e n e r a t o r  
154  is  r e l i e d   upon  to  g e n e r a t e   150  pound  steam  as  does  t h e  
MRS  steam  drum  111.  This  150  pound  steam  is  supp lemen ted   by  
the  r e cove ry   of  150  pound  steam  from  the  450  pound  b low 
down  of  steam  g e n e r a t o r s .   The  150  pound  (psi)   steam  t h u s  
g e n e r a t e d   is  used  to  d r i ve   lube  o i l   pumps  (not  shown)  and  
is  a l so   used  as  RCC  r e a c t o r   s t r i p p i n g   s team,  LCO  s t r i p p e r  
steam  above  d i s c u s s e d   and  for  condense r   vacuum  j e t s   r e q u i r e d  
in  the  p roces s   but  not  d i s c u s s e d .   Condensa te   r e c o v e r e d   f rom 
the  above  b r i e f l y   d i s c u s s e d   steam  u t i l i z a t i o n   is  charged  a s  
b o i l e r   feed  water   to  the  v a r i o u s   heat   e x c h a n g e r s   i d e n t i f i e d  
in  the  drawing  above  s p e c i f i c a l l y   d i s c u s s e d .  



Another   i m p o r t a n t   a s p e c t   of  the  combina t i on   o p e r a t i o n   o f  
t h i s   i n v e n t i o n   above  d i s c u s s e d   is  conce rned   with  the  s e v e r i t y  
of  t he rma l   c o n v e r s i o n   r e l i e d   upon  in  the  MRS  o p e r a t i o n  
employing  r e l a t i v e l y   i n e r t   f l u i d i z a b l e   s o l i d s   to  p rov ide   a 
s u i t a b l e   feed  m a t e r i a l   to  be  c o n v e r t e d   with  a  c r y s t a l l i n e  
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  downstream  RCC  c a t a l y t i c  
c o n v e r s i o n   o p e r a t i o n .   That  i s ,   the  o p e r a t i n g   t e c h n i q u e s  
of  t h i s   combina t ion   of  o p e r a t i o n s   are  conce rned   with  e f f e c t -  
ing  the  c a t a l y t i c   c o n v e r s i o n   of  a  t h e r m a l l y   p r e p a r e d   f e e d  
m a t e r i a l   compr i s ing   a  r e l a t i v e l y   high  l eve l   of  meta l   c o n t a m i -  
nan t s   up  to  about  100  ppm  Ni  +  V  with  c r a c k i n g   c a t a l y s t  
c o m p r i s i n g   c a t a l y t i c a l l y   a c t i v e   c r y s t a l l i n e   z e o l i t e   o f  
r e l a t i v e l y   l a rge   pore  d imens ions   as  p rov ided   by  f a u j a s i t e  
type   c r y s t a l l i n e   z e o l i t e s   in  admix tu re   with  a  s o r b e n t   m a t r i x  
m a t e r i a l   and  sa id   c a t a l y s t   c o m p r i s i n g   a  h i g h e r   c o n t a m i n a t i n g  
m e t a l s   l oad ing   than  p r e v i o u s l y   though t   u sab le   in  s i m i l a r  
c r a c k i n g   o p e r a t i o n s .   In  t h i s   o p e r a t i n g   c o m b i n a t i o n ,  
t a i l o r i n g   of  the  o p e r a t i n g   c o n d i t i o n s   employed  in  the  MRS 
the rma l   v i s b r e a k i n g   o p e r a t i o n   and  feed  p r e p a r a t i o n   u n i t  
are  made  to  p r o v i d e  a   t h e r m a l l y   p r o c e s s e d   high  b o i l i n g   p o r -  
t i o n   of  crude  o i l   as  feed  for  a  downstream  c a t a l y t i c  
c o n v e r s i o n   step  and  c o m p r i s i n g   up  to  about   100  ppm  Ni  +  v .  
This  i n t e r r e l a t e d   t a i l o r i n g   of  o p e r a t i n g   c o n d i t i o n s   f o r  
feed  p r e p a r a t i o n   and  u t i l i z a t i o n   t h e r e o f   are  a d j u s t e d   d e p e n -  
dent   upon  the  c o m p o s i t i o n   of  the  high  b o i l i n g   feed  to  b e  
p r o c e s s e d ,   i t s   i n i t i a l   b o i l i n g   p o i n t   and  the  l e v e l   of  m e t a l  
c o n t a m i n a n t s   and  Conradson  carbon  p roduc ing   components  upon 
p y r o l y s i s .   In  t h i s   c o n n e c t i o n ,   wha tever   high  b o i l i n g  
p o r t i o n   of  a  topped  crude  is  to  be  upgraded  as  h e r e i n   p r o -  
v ided   thermal   p r e p a r a t i o n   of  the  feed  w i l l   be  a c c o m p l i s h e d  
under   c o n d i t i o n s   p e r m i t t i n g   up  to  100  ppm  Ni  +  V  r e m a i n i n g  
in  the  feed  to  be  charged   to  the  RCC  c a t a l y t i c   c r a c k i n g  
o p e r a t i o n .   It  is  a lso   d e s i r a b l e   w i th in   t h i s   p r o c e s s i n g  
a r r a n g e m e n t   to  l i m i t   the  p r o d u c t i o n   of  t h e r m a l l y   p r o d u c e d  
naph tha   even  though  such  the rmal   naphtha   can  be  and  i s  
i n t e n d e d   to  be  upgraded  in  the  z e o l i t e   c r a c k i n g   o p e r a t i o n  
along  with  t h e r m a l l y   d e m e t a l l i z e d   high  b o i l i n g   f e e d  
charged  t h e r e t o   as  above  d i s c u s s e d .  



The  i m p o r t a n t   a s p e c t s   of  the  c o m b i n a t i o n   o p e r a t i o n   o f  
t h i s   i n v e n t i o n   are  many  fo ld   as  p r o v i d e d   by  the  c l a i m s  
h e r e i n a f t e r   p r e s e n t e d .   That  is  i t   has  now  been  found  t h a t  

the  t he rmal   c o n v e r s i o n   or  v i s b r e a k i n g   o p e r a t i o n   e f f e c t e d   i n  
the  absence  of  added  m o l e c u l a r   hydrogen  p rov ides   a  v a r i e t y  
of  o p e r a t i n g   p a r a m e t e r s   in  t h a t   the  i n e r t   s o l i d   s o r b e n t  

p a r t i c u l a t e   m a t e r i a l   may  comprise   a  high  load ing   of  m e t a l  
c o n t a m i n a n t s   to  p rov ide   a  r e s i d u a l   o i l   feed  or  high  b o i l i n g  
p o r t i o n s   t h e r e o f   compr i s i ng   up  to  100  ppm  Ni  +  V  f o r  

p r o c e s s i n g   in  a  downstream  z e o l i t e   c a t a l y s t   c rack ing   o p e r a -  
t i o n .   In  t h i s   c o n n e c t i o n   and  o p e r a t i n g   envi ronment   t h e  
downstream  z e o l i t e   c r ack ing   o p e r a t i o n   may  c i r c u l a t e   a  c a t a -  

l y s t   compos i t i on   compr i s ing   at  l e a s t   3000  ppm  Ni  +  V  m e t a l  
c o n t a m i n a n t s .   The  e f f i c i e n c y   of  the  s e p a r a t e   o p e r a t i o n s   a r e  
of  a  high  o rde r   of  magni tude   and  s y n e r g i s t i c a l l y   r e l a t e d   b y  
the  r e c o v e r y   of  h igh  p r e s s u r e   steam  from  the  combined  f l u e  

gases   of  each  r e g e n e r a t i o n   o p e r a t i o n   and  u t i l i z a t i o n   t h e r e o f  
to  some  c o n s i d e r a b l e   advan tage   in  p r o v i d i n g   energy  r e q u i r e -  
ments  of  the  c o m b i n a t i o n   o p e r a t i o n .   More  i m p o r t a n t l y   is  t h e  
economic  e f f i c i e n c y   a t t a c h e d   to  the  r e c o v e r y   s e c t i o n   o f  

F igure   I I I   r e f e r r e d   to  as  the  gas  c o n c e n t r a t i o n   s e c t i o n   f o r  
p r o c e s s i n g   the  wet  gas  s t reams  r e c o v e r e d   from  each  c r a c k i n g  
o p e r a t i o n   in  c o n j u n c t i o n   with  s e p a r a t i n g   the  main  co lumn 
overhead   a ccumula t ed   l i q u i d   of  the  RCC  p roduc t   r e c o v e r y  
s e c t i o n   of  F igure   VII.  In  a d d i t i o n   to  the  above  b r o a d l y  
s t a t e d   advan tages   of  the  combina t i on   o p e r a t i o n   h e r e i n  
d e s c r i b e d ,   the  t he rmal   v i s b r e a k i n g   of  meta l s   c o n t a i n i n g   f e e d  
m a t e r i a l   is  a c c o m p l i s h e d   in  a  r i s e r   c o n v e r s i o n   zone  p r o -  
v ided   with  a  p l u r a l i t y   of  v e r t i c a l l y   spaced  apa r t   feed  i n l e t  
means  to  ach ieve   a  hyd roca rbon   r e s i d e n c e   time  w i th in   t h e  
r i s e r   of  e i t h e r   one  of  0.5  seconds ,   1.2  seconds  and  1 . 5  
seconds  when  p a s s i n g   a  s u s p e n s i o n   of  s o l i d s   in  g a s f l o w  
m a t e r i a l   th rough   the  r i s e r   at  a  v e l o c i t y   of  100  f e e t   p e r  
second.   On  the  o t h e r   hand  the  r i s e r   r e a c t o r   p rov ided   for   t h e  
z e o l i t e   c a t a l y s t   c o n v e r s i o n   o p e r a t i o n   where in   the  c i r c u l a t e d  



c a t a l y s t   compr i se s   a  l e v e l   of  metal   c o n t a m i n a n t s   in  e x c e s s  
of  3000  ppm  Ni+ V,  g r e a t e r   than  5000  ppm  Ni  + V  may  even  

compr ise   as  high  as  10,000 ppm  Ni  e q u i v a l e n t ,   r e l i e s   upon  a 

high  v e l o c i t y   c o n t a c t   system  of  r i s e r   r e a c t o r   p e r m i t t i n g  
the  use  of  s u s p e n s i o n   v e l o c i t i e s   up  to  as  high  as  1 8 0  o r  
200  f e e t   per  second  which  v e l o c i t y   is  t h e r e a f t e r   reduced   i n  

an  expanded  upper  s e c t i o n   of  the  r i s e r   to  permi t   a  s u s p e n s i o n  
d i s c h a r g e   v e l o c i t y   of  not  more  than  about  85  or  86  f e e t   p e r  
second.   In  t h i s   o p e r a t i n g   env i ronment   of  the  z e o l i t e   c a t a -  

l y s t   c r a c k i n g   s t ep ,   the  hyd roca rbon   r e s i d e n c e   time  in  t h e  

p r e s e n c e   of  s u b s t a n t i a l   amounts  of  d i l u e n t   such  as  steam  i s  
r e s t r i c t e d   not  to  exceed  about   4  seconds  and  more  u s u a l l y   i s  
r e t a i n e d   w i t h i n   the  range  of  0.5  to  2  or  3  s e c o n d s .  

I t   is  thus  e v i d e n t   from  the  d i s c u s s i o n   above  p r e s e n t e d   t h a t  
the  c o m b i n a t i o n   o p e r a t i o n   of  t h i s   i n v e n t i o n   is  e c o n o m i c a l l y  
a t t r a c t i v e  s i n c e   i t   p e r m i t s   the  use  of  s o l i d   p a r t i c u l a t e   o f  
f l u i d i z a b l e   p a r t i c l e   s i ze   both  c a t a l y t i c   and  non  c a t a l y t i c  
under  c o n d i t i o n s   of  high  me ta l s   load ing   t he reby   r e d u c i n g  
s o l i d s   i n v e n t o r y   r e p l a c e m e n t .   Of  p a r t i c u l a r   i n t e r e s t   i s  
the  f i n d i n g   tha t   such  s o l i d   p a r t i c u l a t e   can  be  used  t o  
a d v a n t a g e   for   p r e p a r i n g   and  p r o c e s s i n g   high  b o i l i n g   r e s i d u a l  
p o r t i o n s   of  crude  o i l s   compr i s i ng   up  to  100  ppm  N i  +  V  
metal   c o n t a m i n a n t s   to  more  d e s i r a b l e   l i q u i d   fue l   and  l o w e r  
b o i l i n g   p r o d u c t s .  

Having  thus  g e n e r a l l y   d e s c r i b e d   the  combina t ion   o p e r a t i o n  
of  the  p r e s e n t   i n v e n t i o n   and  d i s c u s s e d   s p e c i f i c   e m b o d i m e n t s  
in  suppo r t   t h e r e o f ,   i t   is  to  be  u n d e r s t o o d   t h a t   no  undue  r e -  
s t r i c t i o n s   are  to  be  imposed  by  reason  t h e r e o f   excep t   a s  
p r o v i d e d   by  the  f o l l o w i n g   c l a i m s .  



1.  A  m e t h o d   f o r   u p g r a d i n g   a  h i g h   b o i l i n g   p o r t i o n   of   a  ·  

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

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

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

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

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

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

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

o p e r a t i o n   w h i c h   c o m p r i s e s :  

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

o i l   c o m p r i s i n g   m e t a l   c o n t a m i n a n t s   in   e x c e s s   of   1 0 0  

ppm  Ni  +  V  and  s t e a m   in  c o n t a c t   w i t h   a  s u b s t a n t i a l l y  

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

e l e v a t e d   t e m p e r a t u r e   and  c o n t a c t   t i m e   in   a  t h e r m a l  

v i s b r e a k i n g   zone   s u f f i c i e n t   to   r e c o v e r   t h e r e f r o m   a  

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

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

o f   l e s s   t h a n   '100  ppm  Ni  +  V  in   c o n j u n c t i o n   w i t h  

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

t h e   t h e r m a l   v i s b r e a k i n g   o p e r a t i o n ;  

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

h y d r o c a r b o n   p r o d u c t   c o m p r i s i n g   up  to  100  ppm  N i  -   V 

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

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

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

c o n t a m i n a n t s   in   e x c e s s   o f   3000   ppm  Ni  +  V  in   a  h i g h  

v e l o c i t y   r i s e r   c r a c k i n g   z o n e   f o r   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   t h e r e i n   in   t h e   r a n g e   o f   0 . 1 5   to  3 

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

o u t l e t   t e m p e r a t u r e   w i t h i n   t h e   r a n g e   of   950  t o  

1 2 0 0 ° ' F ;  



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

o p e r a t i o n   c o m p r i s i n g   g a s o l i n e   and  l o w e r   b o i l i n g  

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

f u e l   p r o d u c t s ;  

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

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

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

c a r b o n a c e o u s   m a t e r i a l   to  p r o v i d e   i n e r t   s o l i d s   at   a  

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

v i s b r e a k i n g ;  

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

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

p r o d u c e   a  CO  r i c h   f l u e   gas   to  p r o v i d e   h i g h  

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

to  s a i d   z e o l i t e   c r a c k i n g   o p e r a t i o n ;   a n d  

d i s t r i b u t i n g   t h e   CO  r i c h   f l u e   g a s e s   of  e a c h   of  s a i d  

r e g e n e r a t i o n   o p e r a t i o n   f o r   use   j o i n t l y   in  p a r a l l e l  

a r r a n g e d   CO  s t e a m   g e n e r a t i n g   c o m b u s t i o n   z o n e s   a n d  

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

c o m b u s t i o n   z o n e s   f o r   u s e   in   the   c o m b i n a t i o n   p r o c e s s .  

2.  The  m e t h o d   o f   c l a i m   1  w h e r e i n   t he   v a p o r o u s  

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

c o m p r i s i n g   g a s o l i n e   and  l o w e r   b o i l i n g   m a t e r i a l   a r e  

p r o c e s s e d   t o g e t h e r   to  e f f e c t   t h e   r e c o v e r y   of   C2 
minus   g a s e o u s   s t r e a m   f rom  a  C 3  -   C4  r i c h   p r o d u c t  

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

in  t he   o p e r a t i o n  i s   r e l i e d   upon   to  i m p r o v e   t h i s  



s e p a r a t i o n   of  C2  m i n u s   p r o d u c t s   f rom  a  C 3  -   C4  r i c h  

p r o d u c t   s t r e a m ;   a n d  

w h e r e i n   t he   CO  b o i l e r   c o m p r i s e s   a t   l e a s t   two  t h e r e o f  

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

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

h i g h   p r e s s u r e   s t e a m   i s   u s e d   to   d r i v e   b l o w e r s  

p r o v i d i n g   a i r   to   t h e   s e p a r a t e   r e g e n e r a t i o n  

o p e r a t i o n s   as  w e l l   as  c o m b u s t i o n   a i r   f o r   t he   CO 

b o i l e r s .  

3.  The  m e t h o d   of  c l a i m   1  w h e r e i n   t h e r m a l   v i s b r e a k i n g   o f  

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

c o n t a c t   zone   in   w h i c h   a  s u s p e n s i o n   of   o i l   and  i n e r t  

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

l e a s t   50  f e e t   p e r   s e c o n d ;   a n d  

w h e r e i n   z e o l i t e   c a t a l y t i c   c r a c k i n g   o f   t h e   t h e r m a l l y  

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

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

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

a b o u t   95  f e e t   p e r   s e c o n d   up  to  a b o u t   180  f e e t   p e r  
s e c o n d   w h e r e b y   t h e   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 h e  

r i s e r   r e a c t o r   i s   r e s t r i c t e d   to  l e s s   t h a n   2  s e c o n d s ;  

a n d  

w h e r e i n   t h e   z e o l i t e   c a t a l y s t   c o m p r i s e s   a t   l e a s t   5 0 0 0  

ppm  Ni  E q u i v a l e n t .  

4.  The  m e t h o d   of  c l a i m   1  w h e r e i n   t h e   CO  c o m b u s t i o n   z o n e  

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

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



r e m o v i n g   s u l f u r   from  the   CO  c o m b u s t i o n   p r o d u c t   g a s e s  
b e f o r e   v e n t i n g   to  the   a t m o s p h e r e .  

5.  The  m e t h o d   c l a i m   1  w h e r e i n   r e g e n e r a t i o n   of   i n e r t  

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

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

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

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

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

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

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

s o l i d   p a r t i c l e s   to  a  l o w e r   p o r t i o n   of  s a i d   d e n s e  

f l u i d   bed   by  a  s t a n d p i p e   p r o v i d e d   w i t h   an  i n d i r e c t  

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

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

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

t e m p e r a t u r e   b e l o w   a b o u t   1 4 0 0 ° F   to  a  r i s e r   t h e r m a l  

v i s b r e a k i n g   z o n e .  

6.  The  m e t h o d   of  c l a i m   1  w h e r e i n   t he   t h e r m a l  

v i s b r e a k i n g   zone   is   a  r i s e r   c o n t a c t i n g   zone   p r o v i d e d  

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

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

v e l o c i t y   s u s p e n s i o n   and  m a i n t a i n   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   f o r   0 . 5   s e c o n d s ,   1 . 2  

s e c o n d s   and  1 .5   s e c o n d s ,   d e p e n d i n g   upon   w h i c h   o i l  

f e e d   i n l e t   i s   u t i l i z e d ;   a n d  

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

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

and  b e f o r e   i n t r o d u c t i o n   to  a  main   c o l u m n  



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

of   t h e   t h e r m a l   v i s b r e a k i n g   o p e r a t i o n .  

7.  The  m e t h o d   of   c l a i m   I  w h e r e i n   r e g e n e r a t i o n   of   t h e  

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

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

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

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

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

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

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

s t a g e   of   r e g e n e r a t i o n ,   some  r e s i d u a l   coke   i s  

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

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

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

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

f i r s t   s t a g e   of   r e g e n e r a t i o n   to   t h e   s e c o n d   s t a g e   o f  

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

e x c h a n g e r   in   t h e   s t a n d p i p e .  

8 .  T h e   m e t h o d   of   c l a i m   7  w h e r e i n   t h e   s t a n d p i p e   w i t h   a  

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

a l l   of   t h e   f l o w   f rom  t h e   bed   o f   t h e   f i r s t   s t a g e  

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

s t a g e   of  r e g e n e r a t i o n   and  a  s e c o n d   s t a n d p i p e   a b s e n t  

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

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

bed   to  t h e   s e c o n d   c a t a l y s t   bed   when  n e e d e d   f o r  

t e m p e r a t u r e   a d j u s t m e n t   in   t h e   s e c o n d   bed  o f  

c a t a l y s t ;   a n d  



w h e r e i n   a b o u t   75  p e r c e n t   of   the   a i r   r e q u i r e d   t o  

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

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

r e g e n e r a t i o n   zone   and  a b o u t   25  p e r c e n t   of  t h a t  

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

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

s e c o n d   r e g e n e r a t i o n   z o n e .  

9.  The  m e t h o d   of  c l a i m   1  w h e r e i n   c r a c k i n g   of  t h e  

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

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

z o n e   by  i n t r o d u c i n g   t he   h y d r o c a r b o n   f e e d   i n t o   a n  

u p f l o w i n g   s u s p e n s i o n   of   c a t a l y s t   and  s t e a m   a t   a  

v e l o c i t y   of  a b o u t   180  f e e t   p e r   s e c o n d   and  t h e  

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

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

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

10.  The  m e t h o d   f o r   u p g r a d i n g   a  r e d u c e d   c r u d e   c o n t a i n i n g  

a  l e v e l   of   m e t a l   c o n t a m i n a n t s   in   e x c e s s   of  100  ppm 
Ni  +  V  and  c o n s i d e r a b l e   C o n r a d s o n   c a r b o n   p r o d u c i n g  

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

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

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

m a t e r i a l   of  l i t t l e   or   no  c r a c k i n g   a c t i v i t y   u n d e r  

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

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

c o m p r i s i n g   l e s s   t h a n   100  ppm  Ni  +  V  in  l e s s   t h a n   2 

s e c o n d s   in  a  t h e r m a l   v i s b r e a k i n g   z o n e ,   r e c o v e r i n g  

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

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

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

c o n v e r s i o n   o p e r a t i o n ,  



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

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

t h a n   100  ppm  Ni  +  V  in  c o n t a c t   w i t h   a  c r y s t a l l i n e  

z e o l i t e   c o n t a i n i n g   c r a c k i n g   c a t a l y s t   c o m p r i s i n g   N i  

E q u i v a l e n t   m e t a l   d e p o s i t s   in   e x c e s s   of   a b o u t   6 0 0 0  

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

p a r t i a l   p r e s s u r e   c r a c k i n g   c o n d i t i o n s   s e l e c t e d   t o  

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

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

r e c o v e r i n g   a  wet   gas   s t r e a m   f rom  s a i d   z e o l i t e  

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

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

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

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

z e o l i t e   c r a c k i n g   o p e r a t i o n   b o i l i n g   in   t h e   r a n g e   o f  

4 3 0 ° F   to  a b o u t   6 3 0 ° F   f rom  a  h i g h e r   b o i l i n g   p r o d u c t  

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

s e p a r a t e d   wet   gas   f rom  e a c h   of   t h e   t h e r m a l  

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

c r a c k i n g   o p e r a t i o n   as  w e l l   as  t h e   ma in   c o l u m n  

o v e r h e a d   l i q u i d   r e c o v e r e d   f rom  t h e   p r o d u c t   of   t h e  

z e o l i t e   c r a c k i n g   o p e r a t i o n   to   a  gas   c o n c e n t r a t i o n  

s y s t e m   w h e r e i n   C 2  m i n u s   f u e l   gas   i s   s e p a r a t e d   f rom  a  

s t r e a m   r i c h   in   C 3  -   C4  h y d r o c a r b o n s   and  r e c o v e r i n g  

g a s o l i n e   b o i l i n g   r a n g e   m a t e r i a l   f rom  s a i d   g a s  

c o n c e n t r a t i n g   s y s t e m .  
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