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Regeneration  of  catalyst  used  in  the  conversion  of  carbo-metallic  containing  residual  oils. 

Steam  (25)  is  added  to  the  air  that  passes  through  the 
dense  bed  of  the  deactivated  coked  catalyst.  Steam  acts  by 
removing  adsorbed  heavy  hydrocarbons  and  reacting  with 
the  coke  to  yield  carbon  monoxide.  The  overall  effect  is  to 
lower  the  regenerator  temperature  by  removing  oxidizable 
material  and  convert  coke  to  carbon  monoxide  and  hy- 
drogen  via  endothermic  reaction.  This  allows  operation  at 
higher  Conradson  carbon  feed  (10-14%  Conradson  car- 
bon).  Air  (42)  is  added  at  the  bottom  of  the  lower  regenerator 
(34)  and  also  an  additional  air  inlet  is  placed  in  the  upper 
part  of  the  lower  regenerator  section. 



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  t h e  

method  and  t e c h n i q u e   for  r e g e n e r a t i n g   a  c r a c k i n g   c a t a l y s t  

compr i s ing   r e l a t i ve ly   high  levels  of  depos i t ed   h y d r o c a r b o n a c e o u s  

mater ia l s   and  metal  c o n t a m i n a n t s .   Su l fur   and  n i t r o g e n   c o n t a m i n a n t s  

are  also  i nc luded   as  d e p o s i t e d   c o n t a m i n a n t s .  

The  we l l -known   p r o c e s s   of  r e l a t i ve ly   clean  gas  oil  feed  f l u i d  

ca ta ly t i c   c r a c k i n g   (FCC)  is  not  d e s i g n e d   or  ta i lored   for  use  in  t h e  

ca ta ly t i c   c o n v e r s i o n   of  c a rbo -me ta l l i c   con t a in ing   oil  feeds  known  a s  

r e s i d u a l   oils  or  r e d u c e d   c r u d e s   compr i s ing   c a rbo -me ta l l i c   h i g h  

molecular   weight   h y d r o c a r b o n   componen t s   boi l ing  above  522°C 

(1025°F)  and  e f f ec t ing   r e g e n e r a t i o n   of  c a t a l y s t   pa r t i c l e s   u s e d  

t h e r e i n .   Gas  oil  fluid  ca ta ly t i c   c r a c k i n g   o p e r a t i o n s   are  g e n e r a l l y  

r e s t r i c t e d   to  p r o c e s s i n g   r e l a t i ve ly   clean  feeds  compr i s ing   l e s s  t h a n  

one  we igh t   p e r c e n t   of  C o n r a d s o n   ca rbon   and  compr i s ing   smal l  

amounts   of  metal  c o n t a m i n a n t s   of  Ni,  V,  Fe  and  Cu  in  a m o u n t s  

p r e f e r a b l y   less  than  about   0.5  ppm.  The  zeolite  c o n t a i n i n g  

c a t a l y s t s   employed  c u r r e n t l y   in  gas  oil  fluid  ca ta ly t ic   c r a c k i n g  

o p e r a t i o n s   are  g e n e r a l l y   d i s c a r d e d   when  the i r   ca ta ly t i c   MAT  a c t i v i t y  

if  below  about   70%  and  a  c o n t a m i n a n t   metals  loading  has  r e a c h e d  

from  1000  to  3000  Ni  +  V .  

The  d e v e l o p m e n t   of  fluid  ca ta ly t ic   c r a c k i n g   was  for  t h e  

c o n v e r s i o n   of  se lect   r e l a t i ve ly   clean  f r ac t i ons   or  po r t ions   o b t a i n e d  

from  c rude   oils  to  p r o d u c e   p a r t i c u l a r l y   gasol ine  and  h e a t i n g   f u e l s .  

The  se lec t   f e e d s t o c k   for  FCC  gas  oil  o p e r a t i o n s   c o m p r i s e  

p r e d o m i n a n t l y   a t m o s p h e r i c   and  vacuum  gas  oils,  g e n e r a l l y   b o i l i n g  

below  about   552°C  (1025°F)  and  most  d e s i r a b l y   comprise   a  low 

C o n r a d s o n   ca rbon   c o n t e n t ,   below  1  wt%,  a  low  metals  c o n t e n t ,   b e l o w  

0.5  ppm  Ni  +  V  and  are  also  low  in  su l fu r   and  n i t r o g e n   c o m p o n e n t s  

and  ob ta ined   by  p r e h y d r o g e n a t i o n   of  the  feed.   More  typica l   ( G O )  

gas  oil  f e e d s t o c k s   compr i s ing   a t m o s p h e r i c   and  vacuum  gas  oi ls  

conta in   less  than  0.5  wt%  C o n r a d s o n   ca rbon   and  0 . 1 - 0 . 2   ppm  Ni  + 

V.  The  boiling  r ange   of  gas  oil  is  gene ra l l y   above  about   221°C 



(430°F)   up  to  about   552°C  (1025°F)   but   may  go  to  566°C  ( 1 0 5 0 ° F )  

with  some  clean  c rude   oils.  The  gas  oil  feed  for  an  FCC  o p e r a t i o n  

is  p r e h e a t e d   to  a  t e m p e r a t u r e   in  the  r ange   of  260-427°C  ( 5 0 0 - 8 0 0 ° F )  

and  t hus   is  s u b s t a n t i a l l y   completely   v a p o r i z e d   immediately   u p o n  
contac t   with  hot  r e g e n e r a t e d   ca t a lys t   at  t e m p e r a t u r e s   in  the  r a n g e  
of  621-787°C  (1150-14500F) .   This  complete  v a p o r i z a t i o n   of  the  f e e d  

by  the  ca t a lys t   in  a  r i s e r   r e a c t o r   r e s u l t s   in  a  r e l a t i ve ly   h i g h  

c o n v e r s i o n   (>70%),  high  gasol ine  p r o d u c t   s e l ec t iv i t i e s   (>70%)  a n d  

most  usua l ly   low  carbon   values   (<1  wt%  on  c a t a l y s t ,   about   4  wt%  o n  

f eed) .   The  c a t a ly s t   so  ut i l ized  g r a d u a l l y   a ccumula t e s   some  m e t a l  

c o n t a m i n a n t s   a f te r   an  e x t e n d e d   pe r iod   of  ope ra t ion   in  the  r a n g e   o f  

about   500-3,000  ppm  Ni  +  V  before   the  c a t a ly s t   is  g r a d u a l l y   a n d / o r  

c o n t i n u o u s l y   r e p l a c e d   with  f r e sh   c a t a ly s t   added   to  mainta in   a n  

equ i l ib r ium  s ta te   of  c o n v e r s i o n   and  metals  level.  The  FCC  p r o c e s s  

as  p r a c t i c e d   today  p r o v i d e s   high  coke  and  gas  makes  at  t h e  

e l eva ted   metal  levels  with  a  lowered  gasol ine   s e l e c t i v i t y ,   t h u s  

n e c e s s i t a t i n g   c o n s i d e r a b l e   c a t a ly s t   w i thd rawa l   and  add i t ions   of  f r e s h  

ca t a ly s t   as  makeup .   Second ly ,   the  coke  make  or  ca rbon   d e p o s i t i o n  

as  h y d r o c a r b o n a c e o u s   material   on  the  c a t a ly s t   in  gas  oil  c r a c k i n g   i s  

r e l a t i ve ly   low  by  compar i son   with  more  s eve re   o p e r a t i o n s   such  a s  

p r o v i d e d   by  r e d u c e d   c rude   c r a c k i n g   o p e r a t i o n s .   Also  f o r  

me ta l lu rg ica l   r e a s o n s   and  p r e s e r v a t i o n   of  c a t a ly s t   a c t i v i t y ,   it  i s  

des i r ab le   to  r e s t r i c t   r e g e n e r a t i o n   t e m p e r a t u r e s   gene ra l ly   b e l o w  

815°C  (15000F)  and  more  usua l ly   in  the  r a n g e   of  677  to  760°C  (1250  

to  1400°F).   However ,   p r o c e s s i n g   r e d u c e d   c r u d e s   and  r e s idua l   o i l s  

of  high  C o n r a d s o n   ca rbon   u n d e r   FCC  o p e r a t i n g   condi t ions   a n d  

p a r t i c u l a r l y   r e s t r i c t e d   c a t a ly s t   r e g e n e r a t i o n   condi t ions   with  k n o w n  

FCC  c a t a l y s t s   is  a  most  d i f f icul t   problem  b e c a u s e   of  the  h igh  l e v e l s  

of  c a r b o n a c e o u s   mater ial   on  the  ca t a lys t   c o n t r i b u t i n g   to  r e d u c e d  

ca t a lys t   life  and  r e q u i r i n g   r e l a t i ve ly   high  c a t a l y s t   i n v e n t o r y .  

Reduced   c rude   ca ta ly t ic   p r o c e s s i n g   goes  aga in s t   s u b s t a n t i a l l y   al l  

p r o c e s s i n g   p r inc ip l e s   p r a c t i c e d   in  gas  oil  FCC  t e c h n o l o g y   in  t h a t  

(1)  r e d u c e d   c r u d e s   c h a r g e d   for  ca t a lys t   con tac t   are  only  p a r t i a l l y  



v a p o r i z e d ;   (2)  r e d u c e d   c r u d e s   have  a  h ighe r   metals  c o n t e n t  

r e s u l t i n g   in  high  metals  depos i t i on   and  rap id   accumula t ion   o n  

ca t a ly s t   p a r t i c l e s ;   (3)  r e d u c e d   c r u d e s   have  a  high  C o n r a d s o n  

ca rbon   value  c o n t r i b u t e d   by  n a p h t h e n e s   and  a s p h a l t e n e s ;   and  ( 4 )  

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

boil ing  above  552°C  (1025°F)  c o n t r i b u t e s   to  high  depos i t ion   o f  

h y d r o c a r b o n a c e o u s   mater ia l   on  the  c a t a ly s t   and  thus   h i g h  

t e m p e r a t u r e s   g e n e r a t e d   by  o x y g e n   combus t ion   t he r eo f   d u r i n g  

r e g e n e r a t i o n   is  the  norm  in  the  a b s e n c e   of  e l abora te   c o n t r o l  

s y s t e m s .  

In  r e d u c e d   c r u d e   p r o c e s s i n g   one  must   n e c e s s a r i l y   g i v e  
c o n s i d e r a t i o n   to  high  metals  loading  on  c a t a l y s t ,   high  ca rbon   a n d  

h y d r o g e n   depos i t ion   on  c a t a l y s t ,   ma in t a in ing   unit   heat   b a l a n c e ,  

avo id ing   c a t a l y s t   i n a c t i v a t i o n   t e m p e r a t u r e s ,   and  more  p a r t i c u l a r l y  

ma in t a in ing   c a t a ly s t   ac t iv i ty   u n d e r   the  s e v e r i t y   of  c o n d i t i o n s  

e n c o u n t e r e d .  

The  p r o c e s s i n g   of  r e s idua l   oils  and  r e d u c e d   c r u d e s   c o m p r i s i n g  

ca rbo -me ta l l i c   high  molecular   weight   componen t s   such  a s  

a s p h a l t e n e s ,   po lycycl ic   n a p h t h e n e s   and  p o r p h y r i n s   in  a  r e d u c e d  

c rude   c r a c k i n g   (RCC)  ope ra t i on   depos i t s   a  large  amount   of  coke  i n  

the  form  of  h y d r o c a r b o n a c e o u s   mater ia l   on  the  RCC  ca t a ly s t .   A l so  

d e p o s i t e d   are  metal  depos i t s   of  the  c r a c k i n g   o p e r a t i o n s   such  a s  

n ickel ,   v a n a d i u m ,   sodium,  i ron,   c o p p e r ,   su l fu r   and  n i t r o g e n  

compounds   in  va r ious   q u a n t i t i e s   d e p e n d i n g   upon  feed  s o u r c e .  

Following  c r a c k i n g   of  such  r e d u c e d   c rude   feeds  and  m e c h a n i c a l  

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

s e p a r a t e d   c a t a l y s t   is  s t r i p p e d   usua l ly   with  steam  to  r e m o v e  

e n t r a i n e d   v a p o r o u s   mater ia l   before   p a s s i n g   the  s t r i p p e d   c a t a ly s t   t o  

ca t a ly s t   r e g e n e r a t i o n   for  removal   of  depos i t ed   h y d r o c a r b o n a c e o u s  

mater ia l   by  b u r n i n g   with  an  oxygen   con ta in ing   gas  such  as  a i r .  

A  rev iew  of  p e r t i n e n t   p r io r   art   hav ing   a  b e a r i n g   on  r e d u c e d  

c rude   c r a c k i n g   and  p a r t i c u l a r l y   the  r e g e n e r a t i o n   of  m e t a l s  

c o n t a m i n a t e d   c a t a ly s t   compr i s ing   high  levels  of  d e p o s i t e d  



h y d r o c a r b o n a c e o u s   mate r ia l s   has  been  less  than   l u c r a t i v e   f o r  

t e a c h i n g s   d i r e c t e d   to  d i s s a p a t i n g   high  levels  of  ca rbon   b u r n i n g   h e a t  

to  p rov ide   a  r e g e n e r a t e d   c a t a ly s t   of  low  or  no  r e s idua l   c a r b o n  

r e s i d u e .  

U.S.   Pa ten t   2 ,606,430  t eaches   high  t e m p e r a t u r e   c a r b o n i z a t i o n  

and  gas i f i ca t ion   of  coke  p r o d u c e d   by  c r a c k i n g   to  p r o d u c e   s y n t h e s i s  

gas.   T e m p e r a t u r e s   of  about   1093°C  (20000F)  are  c o n t e m p l a t e d   i n  

the  gas i f i ca t ion   z o n e .  

U.S.   Pa ten t   3 ,726,791  t eaches   tha t   high  C o n r a d s o n   c a r b o n  

feeds  are  coked  to  lay  down  c a r b o n a c e o u s   depos i t s   on  a  g a s i f i c a t i o n  

ca t a ly s t .   The  c a t a l y s t   so  coked  is  then  steam  gas i f ied   to  p r o d u c e  

h y d r o g e n .  

U .S .   Pa ten t   3 ,433 ,732   t eaches   ca ta ly t ic   h y c r o c r a c k i n g   a n d  

steam  r e g e n e r a t i o n   of  the  c a t a ly s t   to  p r o d u c e   h y d r o g e n .  

Canad ian   Pa ten t   875,528  t eaches   c o n t a c t i n g   a  coked  c a t a l y s t  

with  oxygen   and  ca rbon   dioxide  to  p r o d u c e   ca rbon   monoxide .   T h e  

ca rbon   monoxide  is  r e a c t e d   with  steam  over  a  c a t a ly s t   to  f o r m  

h y d r o g e n   and  carbon   d i o x i d e .  

U.S .   Pa ten t   2 ,414,002  t eaches   a  t w o - s t a g e   c a t a l y s t  

r e g e n e r a t i o n   ope ra t ion   which  s e p a r a t e s   r e g e n e r a t i o n   flue  gases   f r o m  

each  s tage   of  con t ro l led   oxygen   r e g e n e r a t i o n .   This  p a t e n t   does  n o t  

speak   to  the  p rob lems   of  r e g e n e r a t i n g   c a t a ly s t   compr i s ing   the  h d a v y  

depos i t s   of  r e d u c e d   c rude   c r a c k i n g .  

U.S.   Pa ten t   4 ,009,121  d i r e c t e d   to  t h e  c o n t r o l   of  r e g e n e r a t i o n  

t e m p e r a t u r e s   relies  upon  the  use  of  steam  coils  in  the  ca t a lys t   b e d .  

U.S .   Pa ten t   3 ,563,911  d e s c r i b e s   a  t w o - s t a g e   c a t a l y s t  

r e g e n e r a t i o n   ope ra t i on   employing  oxygen   con t a in ing   gas  in  e a c h  

s tage  to  remove  up  to  65%  of  c a r b o n a c e o u s   depos i t s   in  the  f i r s t  

s t a g e .  

U.S.   Pa ten t   3 ,821,103  d isc loses   a  t w o - s t a g e   r e g e n e r a t i o n  

ope ra t ion   with  oxygen   con ta in ing   gas  such  as  air.   The  flue  gas  o f  

the  second  s tage   does  not  c o n t r i b u t e   heat   to  the  f i r s t   s tage   o f  



ca t a lys t   r e g e n e r a t i o n   nor  is  the  use  of  steam  t h e r e w i t h   c o n t e m p l a t e d  
in  the  f i r s t   s tage   of  r e g e n e r a t i o n .  

U.S .   Pa ten t   4 ,118 ,337   d isc loses   two  s t ages   of  c a t a l y s t  

r e g e n e r a t i o n   with  oxygen   con t a in ing   gas  whe re in   hot  r e g e n e r a t e d  

c a t a l y s t   of  the  second  s tage   is  added   to  the  f i r s t   s tage   r e g e n e r a t i o n  

to  i n c r e a s e   the  heat   level  t h e r e o f .  

U.S .   Pa ten t   4 ,276 ,150   t eaches   c r a c k i n g   of  a  r e d u c e d   c rude   a n d  

e f fec t ing   a  f i r s t   par t ia l   r e g e n e r a t i o n   t h e r e o f   with  steam  and  o x y g e n  
in  a  gas i f i e r   at  a  t e m p e r a t u r e   in  the  r ange   of  593  to  1204°C  (1100  

to  2200°F) .   In  this  o p e r a t i o n   the  second   s tage   r e g e n e r a t i o n   f l u e  

gases   are  s e p a r a t e d   r a t h e r   than  c o n t r i b u t i n g   heat   to  the  f i r s t   s t a g e  
of  r e g e n e r a t i o n   by  u t i l i za t ion   with  a  steam  air  m i x t u r e   in  the  f i r s t  

r e g e n e r a t i o n   step  r e f e r r e d   to  as  a  s t r i p p e r   g a s i f i e r .  

Summary  of  the  I n v e n t i o n  

The  p r e s e n t   i nven t ion   is  d i r e c t e d   to  the  r e g e n e r a t i o n   of  f l u i d  

ca t a ly s t   pa r t i c l e s   con t amina t ed   with  h y d r o c a r b o n a c e o u s   d e p o s i t s ,  

metals ,   su l fu r   and  n i t r o g e n   compounds   such  as  ob ta ined   in  r e d u c e d  

c rude   c r a c k i n g   o p e r a t i o n s .   In  a  p a r t i c u l a r   a s p e c t   the  p r e s e n t  

i nven t ion   is  d i r e c t e d   to  a  r e g e n e r a t i o n   t e c h n i q u e   which  relies  u p o n  

two  s e p a r a t e   s t ages   of  fluid  c a t a ly s t   r e g e n e r a t i o n   pos i t ioned   o n e  

above  the  o the r   and  following  a  c a t a ly s t   s t r i p p i n g   ope ra t i on   i n  

which  the  f i r s t   s tage   of  ca t a lys t   r e g e n e r a t i o n   relies  in  s u b s t a n t i a l  

m e a s u r e   upon  the  pa r t i a l   removal  of  h y d r o c a r b o n a c e o u s   mater ia l   w i t h  

a  steam  oxygen   mix tu re   compr i s ing   hot  flue  gas  combus t ion   p r o d u c t s  

u n d e r   cond i t ions   to  form  CO  and  h y d r o g e n   at  least   p a r t i a l l y  

combined  t h e r e i n   in  combinat ion   with  a  second  s tage   of  c a t a l y s t  

r e g e n e r a t i o n   rel ied  upon  to  complete  s u b s t a n t i a l l y   complete  r e m o v a l  

of  r e s idua l   c a r b o n a c e o u s   mater ia l   (coke)   with  oxygen   rich  gas  u n d e r  

t e m p e r a t u r e   condi t ions   r e s t r i c t e d   to  p r e f e r a b l y   limit  the  t e m p e r a t u r e  

below  815°C  (1500°F)  and  more  usua l ly   below  about   760°C  ( 1 4 0 0 ° F ) .  



The  use  of  steam  in  the  p r e s e n c e   of  o x y g e n   and  c o m b u s t i o n  

flue  gas  p r o d u c t s   of  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   in  a  

f i r s t   s tage   of  ca t a lys t   r e g e n e r a t i o n   e f f ec t ive ly   p r o v i d e s  

c a r b o n a c e o u s   mater ia l   removal   t e m p e r a t u r e s   up  to  about   732°C 

(1350°F)  and  r e d u c e s   t h e :  c a r b o n a c e o u s   mater ial   level  of  the  c a t a l y s t  

by  at  least   about   40  p e r c e n t   be fo re   being  s u b j e c t e d   to  o x y g e n  

r e g e n e r a t i o n   h i g h e r   t e m p e r a t u r e   cond i t ions   in  the  second  s tage   o f  

r e g e n e r a t i o n .   The  r e g e n e r a t i o n   o p e r a t i n g   t e c h n i q u e   of  t h i s  

i nven t ion   permi ts   r e s t r i c t i n g   the  overa l l   r e g e n e r a t i o n   t e m p e r a t u r e s  
below  about   815°C  (1500°F)   and  p r e f e r a b l y   below  760°C  ( 1 4 0 0 ° F )  

which  is  not  poss ib le   in  a  s ingle   s tage   dense   fluid  bed  c a t a l y s t  

r e g e n e n e r a t i o n   ope ra t i on   for  removal   of  high  levels  o f  

h y d r o c a r b o n a c e o u s   mater ial   depos i t   such  as  ob ta ined   in  c r a c k i n g  

r e d u c e d   c r u d e s   to  p rov ide   c a t a ly s t   pa r t i c l e s   of  low  r e s i d u a l   c o k e .  

T h u s ,   the  p a r t i c u l a r   combinat ion   r e g e n e r a t i o n   ope ra t i on   of  t h i s  

i nven t ion   because   of  t e m p e r a t u r e   c o n s t r a i n t s   p r o v i d e d   by  t h e  

ope ra t i on   permi t s   one  to  i n c r e a s e   the  amount   of  C o n r a d s o n   c a r b o n  

con ten t   of  the  feed  tha t   can  be  p r o c e s s e d   over  the  ca t a lys t   w i t h  

high  levels  of  c a r b o n a c e o u s   mater ia l   depos i t ion   also  permi ts   one  t o  

use  poore r   qual i ty   feeds  u n d e r   ca ta ly t ic   c o n v e r s i o n   condi t ions   t o  

more  su i tab le   p r o d u c t s .  

The  use  of  a  r e l a t i v e l y   la rge   q u a n t i t y   of  steam  in  the  f i r s t  

s tage   of  ca t a lys t   r e g e n e r a t i o n   in  combinat ion   with  some  o x y g e n  

p r o v i d i n g   combus t ion   heat   is  of  such  q u a n t i t y   a n d   t e m p e r a t u r e   w h e n  

combined  with  the  hot  flue  gas  p r o d u c t s   of  the  second  s tage   o f  

r e g e n e r a t i o n   at  a  t e m p e r a t u r e   up  to  about   760°C  (14000F)  t o  

e f fec t ive ly   remove  a  s u b s t a n t i a l   por t ion   of  the  h y d r o c a r b o n a c e o u s  

depos i t s   at  t e m p e r a t u r e s   up  to  732°C  (1350°F)  by  r e a c t i n g   s t e a m  

with  c a r b o n a c e o u s   depos i t s   to  form  ca rbon   monoxide  and  h y d r o g e n .  

T h u s ,   the  hot  flue  gas  componen t s   of  CO,  C02  and  o x y g e n  
r e c o v e r e d   from  the  second  s tage   of  r e g e n e r a t i o n   and  c h a r g e d   w i t h  

steam  as  here in   p r o v i d e d   to  the  f i r s t   r e g e n e r a t i o n   s tage   a r e  

ba lanced   to  p a r t i c u l a r l y   promote  the  removal  of  h y d r o c a r b o n a c e o u s  



mater ia l   u n d e r   con t ro l l ed   e n d o t h e r m i c   and  exo the rmic   r e a c t i o n  

cond i t ions   to  achieve   the  r e s u l t s   d e s i r e d .   Tha t   is,  the  flue  g a s  

p r o d u c t   s t ream  of  the  f i r s t   s tage   of  c a t a l y s t   r e g e n e r a t i o n   will  

inc lude   r eac t ion   p r o d u c t s   of  r e s t r i c t e d   o x y g e n   combus t ion   i n c l u d i n g  

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

C 0 2 .  

The  removal  of  su l fu r   and  n i t r o g e n   componen t s   in  t h e  

h y d r o c a r b o n a c e o u s   depos i t s   will  also  accompany   the  flue  g a s  

p r o d u c t s   of  the  f i r s t   s tage   r e g e n e r a t i o n .  

The  p r o c e s s i n g   of  a  r e d u c e d   c rude   in  a  fluid  ca ta ly t ic   c r a c k i n g  

r eac t ion   zone  depos i t s   r e l a t i ve ly   large  amounts   of  coke  on  t h e  

c a t a l y s t .   The  amount   of  coke  d e p o s i t e d   on  the  c a t a l y s t   is  o b s e r v e d  

to  be  a  func t ion   of  the  c a t a ly s t   c r a c k i n g   ac t iv i ty   and  the  C o n r a d s o n  

ca rbon   c o n t e n t   of  the  r e d u c e d   c rude   feed.   This  can  be  e x p r e s s e d  

as  4  wt%  plus  the  feed  C o n r a d s o n   ca rbon   con t en t .   The  abil i ty  of  a 

c a t a ly s t   s ingle  s tage   r e g e n e r a t i o n   ope ra t ion   to  hand le   coke  o n  

ca t a ly s t   is  c o n s i d e r e d   limited  to  a p p r o x i m a t e l y   an  8  C o n r a d s o n  

ca rbon   or  a p p r o x i m a t e l y   (4+8)  12  wt%  coke  on  c a t a ly s t .   To  r e m o v e  

such  coke  levels  from  c a t a l y s t   pa r t i c l e s   in  a  s ingle  s tage   is  m o s t  

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

e n c o u n t e r e d   above  815°C  (1500°F) ,   which  can  i r r e v e r s a b l y   d a m a g e  

the  c a t a ly s t   ac t iv i ty   and  s e l ec t i v i t y   of  a  c r y s t a l l i n e   zeolite  c a t a l y s t  

in  the  p r e s e n c e   of  s team  as  well  as  p r o v i d e   s e v e r e   a p p a r a t u s  

me ta l lu rg ica l   p rob lems   r e q u i r i n g   the  use  of  e x p e n s i v e   alloys  a n d  

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

In  a  two  s t age ,   s t a c k e d ,   one  above  the  o t h e r ,   c a t a l y s t  

r e g e n e r a t i o n   ope ra t i on   or  o ther   a r r a n g e m e n t ,   it  is  d i f f icul t   t o  

control   oxygen   combus t ion   r e g e n e r a t i o n   cond i t ions   and  such  i s  

a g g r e v a t e d   when  one  zone  is  pos i t i oned   above  the  o ther   so  tha t   t h e  

flue  gas  p r o d u c t s   of  the  bottom  second  s tage   pass  u p w a r d l y  

t h r o u g h   the  ca t a lys t   in  the  f i r s t   s tage   of  ca t a lys t   r e g e n e r a t i o n   a n d  

n e c e s s a r i l y   c o n t r i b u t e   heat   t h e r e t o .   Also,  if  one  c h a r g e s   all  of  t h e  

oxygen   r e q u i r e d   for  coke  combus t ion   as  air  to  the  b o t t o m  



r e g e n e r a t i o n   zone,  the  q u a n t i t y   and  veloci t ies   of  r e g e n e r a t i o n   g a s  
and  flue  gas  p r o d u c t s   will  n e c e s s a r i l y   be  high  in  o rde r   to  f luidize  a  

c a t a ly s t   bed  in  the  u p p e r   f i r s t   r e g e n e r a t i o n   zone  and  such  h i g h  

veloci t ies   can  en t r a in   or  t r a n s p o r t   an  u n d e s i r e d   s u b s t a n t i a l   a m o u n t  

of  r e g e n e r a t e d   ca t a lys t   from  the  bottom  bed  up  into  the  u p p e r  

ca t a ly s t   bed  compr i s ing   the  f i r s t   s tage   of  r e g e n e r a t i o n .  

In  o rde r   to  r e d u c e   the  p roblems  above  iden t i f i ed   and  i m p r o v e  

the  t e c h n i q u e   for  r emoving   high  levels  of  c a r b o n a c e o u s   m a t e r i a l  

depos i t s   in  a  s e q u e n c e   of  at  least   two  s t a c k e d   r e g e n e r a t i o n   zones  a s  

he re in   p r o v i d e d ,   a  por t ion   of  the  r e q u i r e d   r e g e n e r a t i o n   air  i f  

i n t r o d u c e d   to  a  bottom  por t ion   of  each  of  a  dense   fluid  bed  o f  

ca t a lys t   in  each  zone.  T h u s ,   the  d i s t r i b u t i o n   of  r e g e n e r a t i o n   air  t o  

each  zone  may  be  of  equal  por t ion   or  a  h i g h e r   or  lower  por t ion   m a y  
be  employed  in  the  lower  c a t a l y s t   bed  than  in  the  u p p e r   bed  o f  

ca t a lys t   d e p e n d i n g   on  condi t ion   d e s i r e d .   In  the  r e g e n e r a t i o n  

a r r a n g e m e n t   of  this  i nven t ion   it  is  con t emp la t ed   employing  a  g r e a t e r  

por t ion   of  oxygen   con ta in ing   r e g e n e r a t i o n   gas  such  as  air  in  t h e  

lower  most  bed  of  ca t a lys t   be ing  r e g e n e r a t e d   to  remove  r e s i d u a l  

carbon   of  the  f i r s t   s tage   r e g e n e r a t i o n   so  tha t   combus t ion   p r o d u c t s  

t he reo f   and  any  u n r e a c t e d   oxygen   will  pass  u p w a r d l y   into  t h e  

bottom  por t ion   of  the  u p p e r   ca t a lys t   bed  being  r e g e n e r a t e d   in  t h e  

p r e s e n c e   of  steam  c h a r g e d   to  the  f i r s t   s tage   of  r e g e n e r a t i o n   t o  

p r o d u c e   CO  and  h y d r o g e n .   Uti l iz ing  an  addi t iona l   air  inlet  to  t h e  

u p p e r   bed  of  c a t a ly s t ,   added   in  a d m i x t u r e s   with  steam  or  s e p a r a t e l y  

t h e r e t o ,   is  p r o v i d e d   in  a  volume  su f f i c i en t   to  p rov ide   e x o t h e r m i c  

combus t ion   heat   to  s u p p o r t   the  e n d o t h e r m i c   steam  p a r t i a l  

r e g e n e r a t i o n   of  the  ca t a lys t   along  with  second  s tage   hot  c o m b u s t i o n  

p r o d u c t s   a c c o r d i n g   to  the  concep t s   of  this  i n v e n t i o n .  

In  one  specif ic   embodiment   steam  is  added   with  some 

supp l emen ta l   air  and  c h a r g e d   for  con tac t   with  a  bottom  por t ion   o f  

the  u p p e r   c a t a ly s t   bed  to  be  r e g e n e r a t e d .   R e g e n e r a t i o n   of  c a t a l y s t  

in  the  u p p e r   bed  with  oxygen   (a i r )   steam  mix tu re   is  p r e f e r a b l y  

e f fec ted   at  a  t e m p e r a t u r e   within  the  r a n g e   of  677°C  to  732°C 



(1250°F  to  1350°F) .   The  s t e a m - a i r   mix tu re   has  the  dual  func t ion   o f  

removal  of  la rge   amounts   of  h y d r o c a r b o n a c e o u s   depos i t s   a n d  

compr i s ing   some  high  molecular   weight   p o l y n u c l e a r   aromatic   m a t e r i a l  

by  the  combina t ion   of  par t ia l   combus t ion   at  a  t e m p e r a t u r e   up  t o  

732°C  (1350°F)   and  steam  r e fo rming   to  p r o d u c e   gaseous   c o m p o n e n t s  

compr i s ing   CO  and  h y d r o g e n   pa r t i a l l y   combus t ed   in  the  f i r s t   s t a g e  
of  r e g e n e r a t i o n .  

In  a  more  p a r t i c u l a r   a s p e c t ,   the  add i t ion   of  steam  pe r fo rms   t h e  

func t ion   of  r emoving   heavy   a d s o r b e d   h y d r o c a r b o n s   by  e n d o t h e r m i c  

c o n v e r s i o n   to  CO  and  h y d r o g e n   u n d e r   r e s t r i c t e d   t e m p e r a t u r e  
c o n d i t i o n s .   The  overal l   ef fect   of  the  two  s tage   r e g e n e r a t i o n  

ope ra t i on   is  to  lower  the  r e g e n e r a t o r   t e m p e r a t u r e   by  r emoving   a  

s u b s t a n t i a l   por t ion   of  the  ox id izable   c a r b o n a c e o u s   mater ia l   u n d e r  

e n d o t h e r m i c   t e m p e r a t u r e   cond i t ions   as  he re in   p r o v i d e d .   T h u s ,  

r e g e n e r a t i o n   of  the  c a t a l y s t   at  any  given  level  of  h y d r o c a r b o n a c e o u s  

depos i t s   in  the  p r e s e n c e   of  heavy   r e s idua l   h y d r o c a r b o n s   can  b e  

accompl i shed   at  lower  t e m p e r a t u r e s   than  is  poss ib le   with  o x y g e n  

r e g e n e r a t i o n   alone.  F u r t h e r m o r e ,   one  can  now  effect   c a t a l y t i c  

c r a c k i n g   of  more  h i g h e r   C o n r a d s o n   ca rbon   c r u d e s   wi thou t   w o r r y i n g  

about   high  r e g e n e r a t i o n   t e m p e r a t u r e s   in  the  a b s e n c e   of  a t t e n d a n t  

p r o c e s s e s   for  removal  of  these   coke  p r o d u c i n g   mate r ia l s   as  in  n o w  

the  c u r r e n t   p r a c t i c e   by  p r o p a n e   d e a s p h a l t i n g ,   cok ing ,   v a c u u m  

d i s t i l l a t ion ,   h y d r o g e n a t i o n   and  o ther   p r o c e s s e s   su i tab le   for  t h e  

p u r p o s e   and  combina t ions   t h e r e o f .   T h u s ,   it  is  clear  tha t   o n e  

following  the  concep t s   of  this  i nven t ion   can  p r o c e s s   r e d u c e d   c r u d e s  

and  o ther   po r t i ons   of  c rude   oils  of  high  C o n r a d s o n   ca rbon   l e v e l s  

above  about   8  such  as  feed  mater ia ls   of  C o n r a d s o n   ca rbon   levels  i n  

the  r a n g e   of  10  to  15  or  m o r e .  

The  fluid  c a t a ly s t   composi t ion   con t emp la t ed   for  use  in  t h i s  

i nven t ion   is  a  high  ac t iv i ty   c r a c k i n g   ca t a lys t   compr i s ing   a  

c r y s t a l l i n e   a luminos i l ica te   or  zeolite  such  as  a  c r y s t a l l i n e   "Y"  

fau jas i t e   ca ta ly t i ca l ly   a c t i v a t e d   by  e x c h a n g e   with  ammonia  or  one  o r  

more  r a re   ea r th   metals  to  remove  sodium  t h e r e f r o m .   The  zeolite  i s  



d i s p e r s e d   in  an  amount   in  the  r ange   of  about   5  to  60  wt%  in  a  

mat r ix   mater ial   compr i s ing   one  or  more  of  silica,  a lumina,   or  s i l i ca  

alumina  to  which  mat r ix   mater ia l   is  added   a  clay  mater ia l   s e l e c t e d  

from  the  g roup   cons i s t i ng   of  kaolin,   ho l loys i t e ,   mon tmor i lon i t e ,   h e a t  

and  chemically  modified  clays  such  as  meta  kaolin  and  acid  t r e a t e d  

hol loys i te   and  b e n t o n i t e .   One  or  more  va r ious   la rge   pore  z e o l i t e s  

may  be  employed  in  the  ca t a lys t   pa r t i c le   complex  in  combinat ion   w i t h  

p r o v i d i n g   a  matr ix   mater ial   of  large  pore  volume  in  excess   of  0 . 2 2  

cc/gm  and  more  usua l ly   at  least   about   0.3  c c / g m .  

The  combinat ion  ope ra t ion   of  this  i nven t ion   is  d i r e c t e d   a  

t e m p e r a t u r e   con t ro l led   heat   ba lance   r e g e n e r a t i o n   ope ra t i on   w h i c h  

employs  a  novel  combinat ion  of  p r o c e s s i n g   s teps   for  r emoving   h i g h  

levels  of  h y d r o c a r b o n a c e o u s   depos i t s   of  r e d u c e d   c rude   c r a c k i n g  

from  ca t a lys t   pa r t i c l e s   in  the  a b s e n c e   of  s i g n i f i c a n t   h y d r o t h e r m a l  

d e g r a d a t i o n   of  the  ca t a lys t   p a r t i c l e s .  

T h u s ,   it  is  has  been  found ,   c o n t r a r y   to  the  t e a c h i n g s   of  t h e  

pr ior   ar t   that   the  high  levels  of  c a r b o n a c e o u s   mater ia l   depos i t s   c a n  

be  used  to  a d v a n t a g e   as  a  p r o t e c t o r   of  the  c a t a l y s t ,   c r a c k i n g  

ac t ive ly   d u r i n g   par t ia l   removal  t h e r e o f   with  steam  u n d e r   c o n d i t i o n s  

to  form  syngas   compr i s ing   CO  and  h y d r o g e n .   In  this  o p e r a t i n g  

e n v i r o n m e n t   it  is  found  poss ib le   to  remove  from  40  to  60  wt%  of  t h e  

depos i t ed   c a r b o n a c e o u s   mater ial   in  the  f i r s t   s tage   of  r e g e n e r a t i o n  

by  the  combinat ion  of  steam  r e fo rming   and  oxygen   combus t ion   f o r  

s u p p l y i n g   the  endo the rmic   heat   r e q u i r e m e n t s  o f   the  steam  r e f o r m i n g  

opera t ion   wi thout   s i g n i f i c a n t l y   c o n t r i b u t i n g   to  h y d r o t h e r m a l  

d e g r a d a t i o n   of  the  ca t a lys t   c r a c k i n g   ac t iv i ty   concommitan t ly   w i t h  

ma in ta in ing   de s i r ed   low  r e g e n e r a t i o n   t e m p e r a t u r e s   p r e f e r a b l y   b e l o w  

about   760°C  ( 1 4 0 0 0 F ) .  

In  yet  ano the r   embodiment ,   the  p r e s e n t   i nven t ion   c o n t e m p l a t e s  

the  removal  of  at  least   a  por t ion   of  the  h y d r o c a r b o n a c e o u s   d e p o s i t s  

in  the  f i r s t   s tage   r e g e n e r a t i o n   ope ra t ion   at  t e m p e r a t u r e s   of  at  l e a s t  

760°C  (1400°F)  by  contac t   with  steam  and  by  the  r eac t i ons   of  C 0 2  

with  h y d r o g e n   and  ca rbon   in  the  h y d r o c a r b o n a c e o u s   d e p o s i t s .  



T h u s ,   the  compet ing   r e a c t i o n s   of  oxygen   combus t ion   o f  

c a r b o n a c e o u s   depos i t s   to  p r o v i d e   a  s u b s t a n t i a l   por t ion   of  t h e  

e n d o t h e r m i c   heat   r e q u i r e m e n t s   of  steam  r e f o r m i n g   and  the  r e a c t i o n s  

of  C02  with  ca rbon   and  h y d r o g e n   in  the  f i r s t   r e g e n e r a t i o n   zone  so  

tha t   a  major i ty   or  g r e a t e r   than   50  wt%  of  the  d e p o s i t e d  

h y d r o c a r b o n a c e o u s   mater ial   is  i n t e n d e d   to  be  r emoved   in  the  f i r s t  

s tage   of  ca t a lys t   r e g e n e r a t i o n   where in   the  c a t a l y s t   con t ac t ed   i s  

ma in t a ined   in  a  dense   fluid  ca t a lys t   bed  phase   p r o v i d i n g   r e l a t i v e l y  

uni form  t e m p e r a t u r e   in  this  f i r s t   r e g e n e r a t o r   dense   ca t a lys t   p h a s e  

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

pa r t i c l e s   not  so  g u a r d e d l y   c o n t a c t e d .  

The  c a t a l y s t   thus   pa r t i a l ly   r e g e n e r a t e d   and  compr i s ing   r e s i d u a l  

c a r b o n a c e o u s   mater ia l   and  more  a p p r o p r i a t e l y   r e f e r r e d   to  as  r e s i d u a l  

ca rbon   is  then  c o n t a c t e d   with  an  excess   of  oxygen   con t a in ing   g a s  
such  as  air  or  oxygen   modified  r e g e n e r a t i o n   gas  r e l y ing   upon  a  

second  dense   fluid  c a t a ly s t   bed  phase   c o n t r i b u t i n g   to  u n i f o r m  

t e m p e r a t u r e   combus t ion   of  r e s idua l   ca rbon   on  the  c a t a ly s t   p a r t i c l e s .  

It  will  be  r e c o g n i z e d   by  those  ski l led  in  the  art   tha t   t h e  

c o n c e n t r a t i o n   of  c a t a l y s t   pa r t i c l e s   forming  the  dense   fluid  beds  o f  

c a t a ly s t   pa r t i c l e s   may  be  va r i ed   over  a  c o n s i d e r a b l e   r ange   of  a b o u t  

20  p o u n d s   per  cubic  foot  up  to  about   35,  40  or  even  more  p o u n d s  

per   cubic  foot.  Gene ra l l y ,   the  c o n c e n t r a t i o n   of  pa r t i c l e s   will  b e  

within  the  r ange   of  35  to  40  p o u n d s   per  cubic  foot.  In  t h e  

r e g e n e r a t i o n   s e q u e n c e   c o n t e m p l a t e d   by  this  i n v e n t i o n ,   it  is  i n t e n d e d  

to  r e d u c e   r e s idua l   ca rbon   of  r e g e n e r a t e d   c a t a ly s t   to  a  level  of  a t  

least   0.05  wt%  or  less  wi thout   exceed ing   c a t a ly s t   r e g e n e r a t i o n  

t e m p e r a t u r e s   of  about   760°C  (1400°F)  or  s i g n i f i c a n t l y  

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

Brief  D e s c r i p t i o n   of  the  D r a w i n g s  

F igure   I  is  a  d i ag rammat ic   ske t ch   in  e levat ion  of  o n e  

a r r a n g e m e n t   of  a p p a r a t u s   for  p r a c t i c i n g   the  ca ta ly t ic   concess ion   o f  



r e d u c e d   c r u d e s   and  e f fec t ing   r e g e n e r a t i o n   of  the  ca t a lys t   so  u s e d  

in  a  p l u r a l i t y   of  dense   fluid  ca t a lys t   beds  following  the  c o n c e p t s  
and  t e c h n i q u e s   of  this  i n v e n t i o n .  

F igure   II  is  a  g r a p h   dep i c t i ng   a  f i r s t   s t u d y   d i r e c t e d   to  t h e  

removal  of  coke  from  a  ca t a lys t   with  s t e a m .  

F igure   III  is  a  g r a p h   dep i c t i ng   the  effect   of  steam  at  787°C  

(1450°F)  on  su r f ace   area  of  a  commercial ly  avai lable   c a t a ly s t   w i t h  

and  wi thou t   coke  depos i t s   iden t i f i ed   as  GRZ-1  by  Dav idson   C h e m i c a l  

C o m p a n y .  

F igure   IV  is  a  g r a p h   dep ic t ing   the  effect   of  steam  con tac t   t ime  

on  the  ca t a lys t   zeolite  i n t e n s i t y   w h e t h e r   coked  or  not  c o k e d .  

D i scuss ion   of  Specific  E m b o d i m e n t s  

R e f e r r i n g   now  to  F igure   1  by  way  of  example ,   t he re   is  s h o w n  

a  r i s e r   c r a c k i n g   zone,  a  c a t a ly s t   d i s e n g a g i n g   and  s t r i p p i n g   z o n e  

ad j acen t   to  a  two  s tage   c a t a ly s t   r e g e n e r a t i o n   a r r a n g e m e n t   s t a c k e d  

one  above  the  o ther   so  tha t   flue  gas  p r o d u c t s   of  the  b o t t o m  

r e g e n e r a t i o n   sect ion  can  pass  u p w a r d l y   into  the  bottom  por t ion   of  a  
dense   fluid  bed  of  ca t a lys t   being  r e g e n e r a t e d   in  the  u p p e r  
r e g e n e r a t i o n   s e c t i o n .  

In  this  a r r a n g e m e n t   of  the  d r a w i n g ,   F igure   1,  a  r e d u c e d   c r u d e  

is  c h a r g e d   by  condu i t   1  in  a d m i x t u r e   with  one  or  more  of  s t e a m  

n a p h t h a   and  wa te r ,   as  a  d i luent   mater ia l ,   t e m p e r a t u r e   a d j u s t m e n t  

mater ia l ,   veloci ty   p r o v i d i n g   mater ial   feed  par t ia l   p r e s s u r e   r e d u c i n g  

material   and  a  combinat ion   t he r eo f   to  a s s u r e   int imate  rap id   a t o m i z e d  

and  v a p o r i z e d   con tac t   of  the  r e d u c e d   c rude   with  c h a r g e d   f i n e l y  
d iv ided  f lu id izable   ca t a lys t   pa r t i c l e s   to  p rov ide   an  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   at  a  t e m p e r a t u r e   of  at  least   about   510°C  (950°F)  a n d  

su f f i c i en t l y   e leva ted   to  p rov ide   a  r i se r   out le t   t e m p e r a t u r e   in  t h e  

range   of  510°C  to  566°C  (950°F  to  1050°F).   The  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   in  r i se r   4  is  at  a  veloci ty   to  p rov ide   a  h y d r o c a r b o n  

r e s i d e n c e   time  within  the  r ange   of  0.5  to  4  seconds   and  m o r e  



usua l ly   in  the  r a n g e   of  1  to  2  s e c o n d s .   Shor t   r e s i d e n c e   time  m a y  
also  be  p r o v i d e d   by  c h a r g i n g   the  r e d u c e d   c rude   t h r o u g h   i n l e t  

means  above  the  r i s e r   bottom  as  by  inlet  2  and  7  shown  in  t h e  

p r e s e n c e   of  su i t ab le   d i luen t   mater ia l .   Steam,  n a p h t h a   or  o ther   l i g h t  

h y d r o c a r b o n s   may  ini t ial ly  f luidize  the  c a t a ly s t   c h a r g e d   to  the  r i s e r  

bottom  before   con tac t   with  r e d u c e d   c rude   c h a r g e   by  e i ther   c o n d u i t  

2  or  7.  At  the  r i s e r   exit  8,  the  s u s p e n s i o n   following  t r a v e r s e   o f  

the  r i s e r   is  s e p a r a t e d   so  tha t   v a p o r o u s   mater ia l s   pass   t h r o u g h  

cyclones   for  removal   by  condu i t   12  and  s e p a r a t i o n   in  d o w n s t r e a m  

e q u i p m e n t   not  shown.   S e p a r a t e d   c a t a ly s t   pa r t i c l e s   are  col lected  i n  

an  a n n u l a r   s t r i p p i n g   zone  14  for  c o u n t e r c u r r e n t   con tac t   w i t h  

s t r i p p i n g   gas  such  as  steam  i n t r o d u c e d   by  condu i t   16.  S t r i p p e d  

c a t a l y s t   p a r t i c l e s   compr i s ing   a  heavy   load  of  h y d r o c a r b o n a c e o u s  

depos i t s   and  metal  c o n t a m i n a n t s   pass  from  s t r i p p e r   14  by  condui t   18 

to  a  dense   bed  of  c a t a ly s t   22  in  the  u p p e r   por t ion   of  r e g e n e r a t i o n  

zone  20.  C a t a l y s t   bed  22  compr ises   the  f i r s t   s tage   of  r e g e n e r a t i o n  

in  a c c o r d a n c e   with  the  p r o c e s s i n g   concep t s   of  this  i n v e n t i o n .   T h a t  

is,  r e g e n e r a t i o n   gas  such  as  air  i n t r o d u c e d   by  condu i t   24  is  m i x e d  

with  steam  i n t r o d u c e d   by  condu i t   25  and  the  mixed  g a s i f o r m  

mate r ia l ,   p r e d o m i n a n t l y   steam  at  a  t e m p e r a t u r e   in  the  r a n g e   o f  

143°C  to  238°C  (290°F  to  460°F)  is  c h a r g e d   to  p lenum  chamber   26 

and  t hence   by  d i s t r i b u t o r   arms  27  to  a  bottom  por t ion   of  bed  22  f o r  

a d m i x t u r e   with  flue  gases  ob t a ined   as  p r o v i d e d   below  and  c h a r g e d  

t h r o u g h   o p e n i n g s   29.  That   is,  s e p a r a t o r   baffle  means  28  i s  

p r o v i d e d   with  a  p l u r a l i t y   of  small  o p e n i n g s   r e p r e s e n t e d   by  29  f o r  

p a s s a g e   of  flue  gases   t h e r e t h r o u g h   and  ob ta ined   from  the  s e c o n d  

s tage   of  c a t a l y s t   r e g e n e r a t i o n   d i s c u s s e d   b e l o w .  

It  is  c o n t e m p l a t e d   modi fy ing   the  a r r a n g e m e n t   above  d i s c u s s e d  

so  that   the  baffle  28  is  now  porous   and  the  flue  gases   of  t h e  

second  s tage   r e g e n e r a t i o n   compr i s ing   bed  34  are  caused   to  flow  i n t o  

the  plenum  26  for  a d m i x t u r e   with  steam  p r io r   to  e n t e r i n g   bed  22  b y  

d i s t r i b u t o r   arms  27.  On  the  o ther   hand  flue  gases   from  bed  34  m a y  
be  p a s s e d   t h r o u g h   e x t e r n a l   cyclones   for  removal  of  c a t a ly s t   f i n e s  



r e t u r n e d   to  bed  34  be fore   p a s s i n g   the  flue  gases   f reed   of  c a t a l y s t  

in  a d m i x t u r e   with  steam  to  a  bottom  por t ion   of  bed  22 .  

In  any  of  the  above  a r r a n g e m e n t s ,   the  c a t a ly s t   in  dense   f l u i d  

bed  22  is  pa r t i a l ly   r e g e n e r a t e d   with  oxygen   con ta in ing   g a s e s  
f u r n i s h e d   by  the  flue  gases   ob ta ined   from  the  lower  bed  34  a n d  

being  e n r i c h e d   with  an  a i r - s t e a m   mix tu re   added   by  gas  d i s t r i b u t o r  

arms  27  c o n n e c t e d   to  p lenum  27.  Part ia l   r e g e n e r a t i o n   of  t h e  

ca t a ly s t   in  bed  22  is  accompl i shed   u n d e r   steam  r e fo rming   c o n d i t i o n s  

at  t e m p e r a t u r e s   within  the  r a n g e   of  677°C  to  815°C  (1250°F  t o  

1500°F).   Flue  gas  p r o d u c t s   of  r e g e n e r a t i o n   pass   t h r o u g h   c y c l o n e  

s e p a r a t o r   means  30  be fo re   being  w i t h d r a w n   by  condu i t   32  for  use  a s  

d e s i r e d .  

The  pa r t i a l ly   r e g e n e r a t e d   c a t a ly s t   in  bed  22  is  p a s s e d   t o  

su i t ab le   w i thd rawa l   wells  communica t ing   with  s t a n d p i p e s   36  and  40 .  

All  or  a  por t ion   of  the  c a t a ly s t   may  be  p a s s e d   by  e i ther   one  o r  

both  of  s t a n d p i p e s   36  and  40  to  c a t a ly s t   bed  40  in  the  l o w e r  

r e g e n e r a t o r   sec t ion .   Heat ing   or  cooling  of  the  ca t a lys t   in  s t a n d p i p e  

36  may  be  accompl i shed   in  zone  38  as  d e s i r e d .  

In  the  lower  c a t a ly s t   r e g e n e r a t i o n   zone  compr i s ing   bed  3 4 ,  

complete  r e g e n e r a t i o n   of  the  ca t a lys t   to  p rov ide   a  r e s idua l   c a r b o n  

con ten t   less  than  0.1  wt%  and  p r e f e r a b l y   no  more  than  0.05  wt%  i s  

accompl i shed   with  an  oxygen   con ta in ing   r e g e n e r a t i o n   gas  such  a s  

air,   air  modified  with  C02,   C02  modified  with  oxygen   and  a  

combinat ion   t he r eo f   as  r e q u i r e d   to  effect   removal   of  r e s i d u a l  

c a r b o n a c e o u s   mater ia l   w i thou t   e x c e e d i n g   a  t e m p e r a t u r e   of  8 1 5 ° C  

(1500°F)  and  p r e f e r a b l y   wi thou t   e x c e e d i n g   a  t e m p e r a t u r e   of  760°C  

( 1 4 0 0 ° F ) .  

The  t r a n s f e r   of  c a t a lys t   from  u p p e r   bed  22  to  lower  bed  34 

may  also  be  accompl i shed   by  one  or  more  i n t e rna l   s t a n d p i p e s   r a t h e r  

than  by  the  e x t e r n a l   s t a n d p i p e s   s h o w n .  

The  ca t a lys t   r e g e n e r a t e d   to  a  de s i r ed   low  level  of  r e s i d u a l  

carbon   by  the  combinat ion   ope ra t ion   above  d i s c u s s e d   and  at  a  

de s i r ed   e leva ted   t e m p e r a t u r e   is  p a s s e d   from  c a t a l y s t   bed  34  b y  



s t a n d p i p e   44  to  a  lower  po r t ion   of  r i s e r   4  for  r e - u s e   in  the  s y s t e m  

as  above  d e s c r i b e d .  

R e f e r r i n g   now  to  F igure   2,  by  way  of  example ,   t he re   i s  

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

removal   with  s team  from  a  GRZ-1  c r a c k i n g   ca t a lys t   ( c o m m e r c i a l l y  

ava i lab le   c a t a l y s t   from  W.  R.  Grace  &  Co -   Dav idson   C h e m i c a l  

Divis ion)   which  had  been  coke  with  Arab ian   Light   Reduced   C r u d e .  

The  g r a p h   shows  tha t   the  r eac t ion   of  steam  to  remove  coke  o r  

c a r b o n a c e o u s   mater ia l   is  r e l a t i ve ly   just   for  s i g n i f i c a n t   amounts   o f  

coke  removal   within  a  time  span  c o m m e n s u r a t e   with  tha t   o b t a i n a b l e  

in  a  dense   fluid  c a t a ly s t   bed  r e g e n e r a t i o n   o p e r a t i o n .   For  e x a m p l e ,  

a  c a t a l y s t   compr i s ing   about   5.8  wt%  ca rbon   on  c a t a ly s t   is  r e d u c e d   t o  

a  r e s idua l   ca rbon   level  of  about   1.0  wt%  when  c o n t a c t e d   with  787°C  

(1450°F)   steam  for  2  h o u r s .   More  s i g n i f i c a n t ,   coke  removal   i s  

ach ievab le   with  steam  at  t e m p e r a t u r e s   of  about   760°C  (1400°F)  t o  

form  CO  and  h y d r o g e n   which  are  combus t ib le   with  added   oxygen   t o  

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

F igu re s   3  and  4  on  the  o ther   hand  show  the  effect   of  787°C 

(1450°F)  steam  on  a  coked  and  uncoked   GRZ-1  c a t a ly s t   with  r e s p e c t  

to  su r f ace   area  and  zeolite  i n t e n s i t y .   Zeolite  i n t e n s i t y   is  i d e n t i f i e d  

with  the  ac t ive   zeolite  componen t   or  the  c a t a l y s t ,   the  g r e a t e r   t h e  

i n t e n s i t y ,   the  more  of  the  act ive  c r y s t a l l i n e   zeolite  component .   T h e  

g r a p h i c a l   data  of  F igu re s   3  and  4  show  tha t   s teaming   of  t h e  

u n c o k e d   c a t a ly s t   gave  a  much  l a rge r   drop  in  s u r f a c e   area  a n d  

zeolite  i n t e n s i t y   then  ob ta ined   when  c o n t a c t i n g   a  coked  ca t a lys t   w i t h  

high  t e m p e r a t u r e   s team.  T h u s ,   the  coke  on  the  c a t a ly s t   g u a r d s   t h e  

d e a c t i v a t i o n   of  the  c a t a ly s t   aga in s t   high  t e m p e r a t u r e   steam.  T h i s  

f ind ing   is  used   to  a d v a n t a g e   in  p u r s u i t   of  the  concep t s   of  t h i s  

i nven t ion   which  is  d i r e c t e d   to  r e d u c i n g   the  t e m p e r a t u r e   o f  

r e g e n e r a t i o n   of  c a t a ly s t s   used   in  r e d u c e d   c rude   c r a c k i n g .   C a t a l y s t  

so  used   are  known  to  accumula te   large  amounts   of  c a r b o n a c e o u s  

mater ia l   a t t r i b u t a b l e   in  s u b s t a n t i a l   measu re   to  the  C o n r a d s o n   c a r b o n  

level  of  the  feed  being  p r o c e s s e d   and  such  high  levels  of  d e p o s i t e d  



c a r b o n a c e o u s   mater ia ls   are  i n s t r u m e n t a l   in  caus ing   h i g h  

t e m p e r a t u r e s   to  be  e n c o u n t e r e d   by  b u r n i n g   removal   t he r eo f   w i t h  

oxygen   con t a in ing   gas  such  as  air  in  the  a b s e n c e   of  e x t r e m e  

cau t ion ,   heat   d i s s i pa t i on   and  r e s t r i c t   t e m p e r a t u r e   s e q u e n t i a l  

b u r n i n g   in  a  p l u r a l i t y '   of  r e g e n e r a t i o n   zones ,   all  of  w h i c h  

t e c h n i q u e s   are  less  than   d e s i r a b l e .   It  will  be  r e c o g n i z e d   by  t h o s e  

skilled  in  the  art   tha t   the  r e g e n e r a t i o n   combinat ion  of  this  i n v e n t i o n  

is  not  only  a  un ique   a p p r o a c h   to  the  removal   of  r e l a t i ve ly   l a r g e  

amounts   of  c a r b o n a c e o u s   depos i t s   but   so  also  is  the  amount   o f  

c a r b o n a c e o u s   mater ia l   to  be  r emoved   by  b u r n i n g   with  o x y g e n  

con t a in ing   gas  s u f f i c i e n t l y   r e d u c e d   to  permit   ma in t a in ing   d e s i r e d  

t e m p e r a t u r e   r e s t r i c t i o n s   below  760°C  (14000F)  and  more  p r e f e r a b l y  

at  the  lowest   t e m p e r a t u r e   condi t ions   p romot ing   e x t e n d e d   ca t a lys t   l i fe  

and  u sage .   P e r h a p s   more  impor t an t   is  the  rea l i za t ion   tha t   t h e  

r e g e n e r a t i o n   concep t   of  s e q u e n c e   of  p e r f o r m a n c e   permi ts   t h e  

p r o c e s s i n g   of  h i g h e r   C o n r a d s o n   ca rbon   feeds  than  p r e v i o u s l y  

c o n s i d e r e d   poss ib le   at  r e l a t i ve ly   low  t e m p e r a t u r e s   p a r t i c u l a r l y  

su i t ab le   for  a ch i ev ing   d e s i r e d   h y d r o c a r b o n   c o n v e r s i o n   r e s u l t s .  

Thus ,   the  e n d o t h e r m i c   c o n v e r s i o n   of  c a r b o n a c e o u s   depos i t s   ( c o k e )  

with  steam  to  a  more  f avo rab l e   level  for  complete  removal   of  r e s i d u a l  

ca rbon   with  oxygen   con t a in ing   gas  m e a s u r a b l y   improves   t h e  

economics  r e s t r a i n t s   with  r e s p e c t   to  p r o c e s s i n g   more  of  the  b o t t o m  

of  the  ba r r e l   of  the  c rude   oil  and  iden t i f i ed   more  p a r t i c u l a r l y   as  a  

r e d u c e d   c rude   compr i s ing   ca rbo-me ta l l i c   i m p u r i t i e s .  

Having  thus   g e n e r a l l y   d e s c r i b e d   the  new  and  novel  concep t s   o f  

this  i nven t ion   with  r e s p e c t   to  r e g e n e r a t i n g   ca t a lys t   pa r t i c l e s   t o  

r e d u c e   the  t e m p e r a t u r e   of  the  ope ra t ion   and  d i s c u s s e d   s p e c i f i c  

examples   in  s u p p o r t   t h e r e o f ,   it  is  to  be  u n d e r s t o o d   tha t   no  u n d u e  

r e s t r i c t i o n s   are  to  be  imposed  by  r e a s o n s   t he r eo f   excep t   as  d e f i n e d  

by  the  following  c l a ims .  



1.  In  a  h y d r o c a r b o n   c o n v e r s i o n   p roces s   where   c a r b o n a c e o u s  

mater ia l   depos i t ed   on  a  h y d r o c a r b o n   c o n v e r s i o n   ca t a lys t   is  of  a  

q u a n t i t y   to  p r o d u c e   upon  combus t ion   t he r eo f   t e m p e r a t u r e s  

exceed ing   760°C  (1400°F) ,   the  improvemen t   for  r e d u c i n g  

ca t a lys t   r e g e n e r a t i o n   t e m p e r a t u r e s   which  c o m p r i s e ,  

(a)  pa r t i a l ly   r e g e n e r a t i n g   a  c o n v e r s i o n   c a t a ly s t   c o m p r i s i n g  

high  levels  of  c a r b o n a c e o u s   mater ia l   depos i t s   by  c o n t a c t  

with  a  gaseous   mix tu re   compr i s ing   a  r e l a t i ve ly   l a r g e  

q u a n t i t y   of  high  t e m p e r a t u r e   steam  in  a d m i x t u r e   with  a n  

oxygen   con t a in ing   gas  and  flue  gas  combus t ion   p r o d u c t s  

of  r e s i d u a l   ca rbon   r e m o v a l ,  

(b)  said  high  t e m p e r a t u r e   steam  r e a c t i n g   with  s a i d  

c a r b o n a c e o u s   depos i t s   u n d e r   condi t ions   to  form  CO  a n d  

h y d r o g e n   which  are  combus ted   upon  contac t   with  s a i d  

oxygen   con ta in ing   g a s ,  

(c)  r e c o v e r i n g   pa r t i a l ly   r e g e n e r a t e d   ca t a lys t   from  said  s t e a m  

c o n t a c t i n g   step  for  t r a n s f e r   to  a  second  s tage  of  c a t a l y s t  

r e g e n e r a t i o n   to  remove  r e s idua l   ca rbon   by  c o m b u s t i o n  

with  o x y g e n   con ta in ing   g a s ,  

(d)  r emoving   r e s idua l   ca rbon   on  the  pa r t i a l ly   r e g e n e r a t e d  

ca t a ly s t   by  combus t ion   with  oxygen   con ta in ing   gas  u n d e r  

t e m p e r a t u r e   condi t ions   r e s t r i c t e d   below  about   787°C 

(1450°F)  to  p r o d u c e   high  t e m p e r a t u r e   flue  g a s e s  

compr i s ing   CO,  C02  and  u n c o n s u m e d   o x y g e n ,  

(e)  p a s s i n g   said  high  t e m p e r a t u r e   flue  gases   with  s a i d  

gaseous   mix tu re   compr i s ing   steam  to  contac t   with  s a i d  

ca t a lys t   pa r t i a l ly   r e g e n e r a t e d   as  above  p r o v i d e d ,   a n d  

(f)  r e c o v e r i n g   a  r e g e n e r a t e d   ca t a lys t   compr i s ing   less  t h a n  

0.05  wt%  r e s idua l   ca rbon   at  a  t e m p e r a t u r e   below  a b o u t  

760°C  (1400°F)  s e p a r a t e l y   from  flue  gas  p r o d u c t s   of  s a i d  

two  s tage   r e g e n e r a t i o n   o p e r a t i o n .  



2.  The  c a t a ly s t   r e g e n e r a t i o n   ope ra t ion   of  Claim  1  whe re in   e a c h  

s tage   of  r e g e n e r a t i o n   is  accompl i shed   in  a  dense   fluid  bed  o f  

c a t a ly s t   pos i t i oned   one  above  the  o ther   so  tha t   flue  g a s  
p r o d u c t s   of  said  second  s tage   may  pass   d i r ec t ly   into  t h e  

bottom  of  the  bed  pf  ca t a lys t   compr i s ing   the  f i r s t   s tage   o f  

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

3.  The  r e g e n e r a t i o n   ope ra t i on   of  Claim  2  whe re in   the  g a s e o u s  
m i x t u r e s   of  steam  and  oxygen   con ta in ing   gas  are  s e p a r a t e l y  

i n t r o d u c e d   to  a  bottom  por t ion   of  said  c a t a ly s t   bed  c o m p r i s i n g  

said  f i r s t   s tage   of  r e g e n e r a t i o n .  

4.  The  c a t a ly s t   r e g e n e r a t i o n   ope ra t ion   of  Claim  1  whe re in   up  t o  

about   40  p e r c e n t   of  the  c a r b o n a c e o u s   depos i t   is  r emoved   b y  

steam  u n d e r   e n d o t h e r m i c   r eac t ion   condi t ions   at  t e m p e r a t u r e  

below  815°C  (1500°F)  and  a  r e s idua l   ca rbon   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 ly s t   is  removed  by  oxygen   combus t ion   at  a  

t e m p e r a t u r e   of  about   746°C  ( 1 3 7 5 ° F ) .  

5.  The  c a t a l y s t   r e g e n e r a t i o n   ope ra t ion   of  Claim  1  whe re in   t h e  

c a r b o n a c e o u s   mater ia l s   are  depos i t s   ob ta ined   by  the  c a t a l y t i c  

c o n v e r s i o n   of  a  r e s idua l   oil  boiling  above  about   343°C  ( 6 5 0 ° F )  

and  compr i s ing   ca rbo-me ta l l i c   impur i t i e s   p r o v i d i n g   C o n r a d s o n  

ca rbon   depos i t s   in  excess   of  8  wt%. 
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