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A  method  for  decreasing  the  amount  of  coke  produced 
during  the  cracking  of  hydrocarbon  feedstock  to  lower 
molecular  weight  products  in  a  reaction  zone  (10),  where  the 
feedstock  contains  at  least  two  metal  contaminants  selected 
from  nickel,  vanadium  and  iron,  and  where  these  contami- 
nants  become  deposited  on  the  catalyst,  comprises  passing 
the  catalyst  through  a  reduction  zone  (70)  maintained  at  an 
elevated  temperature  for  a  time  sufficient  to  at  least  partially 
passivate  the  catalyst  before  the  catalyst  enters  the  reaction 
zone  (10).  The  amount  of  coke  may  be  decreased  still  further 
by  the  addition  to  reaction  zone  (10)  of  a  hydrogen  donor 
material  which  may  be,  e.g.  a  hydrogenated  fraction  (92)  of 
the  cracked  product  (52). 



BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   f o r  

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

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

h y d r o g e n   and  coke   f o r m a t i o n   on  c r a c k i n g   c a t a l y s t s .  

More  s p e c i f i c a l l y ,   t h i s   i n v e n t i o n   is  d i r e c t e d   to  a 

m e t h o d   fo r   r e d u c i n g   t h e   coke   and  h y d r o g e n   f o r m a t i o n  

c a u s e d   by  m e t a l   c o n t a m i n a n t s ,   s u c h   as  n i c k e l ,   v a n a -  

dium  a n d / o r   i r o n ,   wh ich   have  become  d e p o s i t e d   u p o n  

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

In  t he   c a t a l y t i c   c r a c k i n g   of  h y d r o c a r b o n  

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

n i c k e l   a n d / o r   i r o n   p r e s e n t   in  t he   f e e d s t o c k   b e c o m e s  

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

s i v e   h y d r o g e n   and  coke   m a k e s .   T h e s e   m e t a l   c o n t a m i n -  

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

r e g e n e r a t i o n   o p e r a t i o n s   d u r i n g   w h i c h   coke  d e p o s i t s   o n  
the   c a t a l y s t   a r e   c o n v e r t e d   to  CO  and  C02.  As  u s e d  

h e r e i n a f t e r   t he   t e r m   " p a s s i v a t i o n "   is   d e f i n e d   as  a 

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

e f f e c t s   of  m e t a l   c o n t a m i n a n t s   such   as  n i c k e l ,   v a n a -  

d ium  and  i r o n   w h i c h   b e c o m e   d e p o s i t e d   on  c a t a l y s t .  

U . S .   P a t e n t   N o s .   3 , 7 1 1 , 4 2 2 ;   4 , 0 2 5 , 5 4 5 ;  

4 , 0 3 1 , 0 0 2 ;   4 , 1 1 1 , 8 4 5 ;   4 , 1 4 1 , 8 5 8 ;   4 , 1 4 8 , 7 1 2 ;   4 , 1 4 8 , 7 1 4  

and  4 , 1 6 6 , 8 0 6   a l l   a r e   d i r e c t e d   to  t he   c o n t a c t i n g   o f  

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

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

and  v a n a d i u m   c o n t a m i n a n t s   d e p o s i t e d   on  the   c a t a l y s t .  

H o w e v e r ,   a n t i m o n y   c o m p o u n d s ,   a l o n e ,   may  no t   p a s s i v a t e  

t h e   m e t a l   c o n t a m i n a n t s   to   s u f f i c i e n t l y   low  l e v e l s  

p a r t i c u l a r l y   w h e r e   t he   m e t a l   c o n t a m i n a n t   c o n c e n t r a -  

t i o n   on  t h e   c a t a l y s t   i s   r e l a t i v e l y   h i g h .   U . S .  

P a t e n t   No.  4 , 1 7 6 , 0 8 4   is   d i r e c t e d   to  t he   p a s s i v 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 l y s t   in  a  r e g e n e r a t i o n  



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

to  C02  by  p e r i o d i c a l l y   i n c r e a s i n g   t h e   o x y g e n   c o n -  

c e n t r a t i o n   above   t h a t   r e q u i r e d   fo r   c o m p l e t e   c o m b u s -  .  

t i o n   of  t h e   coke   and  by  m a i n t a i n i n g   the   t e m p e r a t u r e  

a b o v e   1 3 0 0 0 F .   T h i s   p a t e n t   d o e s   n o t   d i s c l o s e   a 

me thod   f o r   p a s s i v a t i n g   m e t a l s - c o n t a m i n a t e d   c a t a l y s t  

in  a  s y s t e m   w h e r e   t he   r e g e n e r a t i o n   zone  is   r o u t i n e l y  

o p e r a t e d   f o r   c o m p l e t e   c o m b u s t i o n   of  the   c o k e .  

U'.S.  P a t e n t   No.  4 , 1 6 2 , 2 1 3   is  d i r e c t e d   a t  

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

a n t s   p r e s e n t   in  c r a c k i n g   c a t a l y s t   by  r e g e n e r a t i n g   t h e  

c a t a l y s t   a t   t e m p e r a t u r e s   of  1 3 0 0 - 1 4 0 0 ° F   in   s u c h   a  

m a n n e r   as  to   l e a v e   l e s s   t h a n   0 . 1 0   wt .   %  r e s i d u a l  

c a r b o n   on  t h e   c a t a l y s t .  

C i m b a l o ,   F o s t e r   and  W a c h t e l   in  an  a r t i c l e  

e n t i t l e d   " D e p o s i t e d   M e t a l s   P o i s o n   FCC  C a t a l y s t "  

p u b l i s h e d   a t   pp  1 1 2 - 1 2 2   of  t he   May  15,  1972  i s s u e   o f  

O i l   and  Gas  J o u r n a l   d i s c l o s e   t h a t   t h e   c a t a l y t i c  

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

o x i d a t i o n   and  r e d u c t i o n   c y c l e s .  

U.S .   P a t e n t   No.  3 , 7 1 8 , 5 5 3   is  d i r e c t e d   a t  

t h e   u se   of  a  c r a c k i n g   c a t a l y s t   i m p r e g n a t e d   w i t h  

1 0 0 - 1 0 0 0   p a r t s   pe r   m i l l i o n   by  w e i g h t   (WPPM)  of  i r o n ,  

n i c k e l   or  v a n a d i u m   or  a  c o m b i n a t i o n   of  t h e s e   m e t a l s  

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

c a r b o n   p r o d u c t s .   T h i s   r e f e r e n c e   does   no t   r e c o g n i z e  

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

a f f e c t   t h e   c a t a l y s t   s e l e c t i v i t y   or  a c t i v i t y .  

U.S .   P a t e n t   Nos .   3 , 4 7 9 , 2 7 9   and  4 , 0 3 5 , 2 8 5  

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

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

c r a c k e r .   R e l a t e d   U . S .   P a t e n t   N o s .   3 , 4 1 3 , 2 1 2   a n d  

3 , 5 3 3 , 9 3 6   d i s c l o s e   t h e   use   of  h y d r o g e n   d o n o r   m a t e -  

r i a l s   f o r   d e c r e a s i n g   t he   r a t e   of  coke  f o r m a t i o n   o n  

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



T a b l e   V  t h a t   h y d r o t r e a t i n g   a  f r a c t i o n   from  a  c a t a -  

l y t i c   c r a c k i n g   zone  and  r e t u r n i n g   t he   h y d r o t r e a t e d  

m a t e r i a l   w i t h   t he   c a t   c r a c k e r   f e e d  d e c r e a s e s   t h e   c o k e  

make  in  t he   c a t a l y t i c   c r a c k i n g   z o n e .   T h e s e   p a t e n t s  

a l s o   d i s c l o s e   t h a t   t he   h y d r o t r e a t e d   m a t e r i a l   p r e f e r -  

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

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

c r a c k i n g   zone  w i t h o u t   d e h y d r o g e n a t i v e   a c t i o n .   S u i t -  

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

a r o m a t i c   and  n a p h t h e n i c   c o m p o u n d s .   P r e f e r r e d   m a t e -  

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

a b l y   2,  3  or   4  a r o m a t i c   n u c l e i ,   p a . r t i a l l y   h y d r o -  

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

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

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

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

The  s u b j e c t   i n v e n t i o n   is   d i r e c t e d   a t   t h e  

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

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

c r a c k i n g   c a t a l y s t   has   been   p a s s i v a t e d   by  p a s s i n g   t h e  

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

an  e l e v a t e d   t e m p e r a t u r e .   The  a d d i t i o n   of  h y d r o g e n  

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

c a t a l y s t   o p e r a t e   to  d e c r e a s e   t he   coke  makes   on  t h e  

c r a c k i n g   c a t a l y s t .  

SUMMARY  OF  THE  INVENTION 

T h i s   i n v e n t i o n   is  d i r e c t e d   a t   a  m e t h o d   f o r  

r e d u c i n g   t h e   r a t e   of  coke   p r o d u c t i o n   f rom  a  h y d r o -  

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

p r o d u c t s   in  a  r e a c t i o n   z o n 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   w h e r e   the   f e e d s t o c k   c o n t a i n s   at   l e a s t   t w o  

m e t a l s   s e l e c t e d   from  t he   c l a s s   c o n s i s t i n g   of  n i c k e l ,  

v a n a d i u m   and   i r o n   and  w h e r e   a t   l e a s t   some  of  t h e  

m e t a l   c o n t a m i n a n t s   become  d e p o s i t e d   on  the   c a t a l y s t .  

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



r e g e n e r a t i o n   f r o m   t h e   r e a c t i o n   z o n e   t h r o u g h   a 
r e d u c t i o n   zone  m a i n t a i n e d   a t   an  e l e v a t e d   t e m p e r a t u r e  
fo r   a  t i m e   s u f f i c i e n t   to  a t   l e a s t   p a r t i a l l y   p a s s i v a t e  

t he   m e t a l   c o n t a m i n a n t s   on  the   c a t a l y s t ,   a  r e d u c i n g  

e n v i r o n m e n t   m a i n t a i n e d   in  the   r e d u c t i o n   zone   by  t h e  

a d d i t i o n   to  the   r e d u c t i o n   zone  of  a  m a t e r i a l   s e l e c t e d  

from  t h e   c l a s s   c o n s i s t i n g   of  h y d r o g e n ,   c a r b o n   m o n o x -  

ide  and  m i x t u r e s   t h e r e o f ,   s a i d   p a s s i v a t e d   c a t a l y s t  

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

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

f u r t h e r   p a s s i v a t e d   by  the   a d d i t i o n   to  t he   r e a c t i o n  

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

h y d r o g e n   to  t he   h y d r o c a r b o n   f e e d s t o c k   a n d / o r   to  t h e  

c r a c k e d   l o w e r   m o l e c u l a r   w e i g h t   p r o d u c t s .   The  m e t a l  

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

m o n i t o r i n g   t h e   c o n c e n t r a t i o n   of  e a c h   m e t a l   c o n -  

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

a m o u n t s   of  s e l e c t e d   m e t a l   c o n t a m i n a n t s   to  t h e   s y s t e m .  

The  c a t a l y s t   may  be  s t i l l   f u r t h e r   p a s s i v a t e d   by  t h e  

a d d i t i o n   of  known  p a s s i v a t i o n   a g e n t s   to  t h e   s y s t e m .  

The  t e m p e r a t u r e   of  t he   r e d u c t i o n   zone   p r e f e r a b l y   i s  

m a i n t a i n e d   a b o v e   a b o u t   6 0 0 o C .   The  h y d r o g e n   d o n o r  

m a t e r i a l   added   to  t h e   r e a c t i o n   zone  p r e f e r a b l y   has  a 

b o i l i n g   p o i n t   b e t w e e n   a b o u t   2000C  and  a b o u t   5 0 0 o C .  

In  a  p r e f e r r e d   e m b o d i m e n t ,   t h e   h y d r o g e n   d o n o r  

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

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

the   d e s i r e d   f r a c t i o n   t h r o u g h   a  h y d r o g e n a t i o n   zone   a n d  

t h e n   r e c i r c u l a t i n g   t h e   m a t e r i a l   to   t h e   r e a c t i o n  

z o n e .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  F i g u r e   is  a  f low  d i a g r a m   of  a  f l u i d i z e d  

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

t i o n .  



DETAILED  DESCRIPTION  OF  THE  INVENTION 

R e f e r r i n g   to  the   F i g u r e ,   t h e   p r e s e n t   i n v e n -  

t i o n   i s   shown  as  a p p l i e d   to  a  t y p i c a l   f l u i d   c a t a l y t i c  

c r a c k i n g   p r o c e s s .   V a r i o u s   i t e m s   such  as  p u m p s ,   c o m -  

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

p r o c e s s   e q u i p m e n t   has   been   o m i t t e d   to   s i m p l i f y   t h e  

d r a w i n g .   R e a c t i o n   or  c r a c k i n g   z o n e   10  i s   s h o w n  

c o n t a i n i n g   a  f l u i d i z e d   c a t a l y s t   bed  12  h a v i n g   a  

l e v e l   a t   14  in  w h i c h   a  h y d r o c a r b o n   f e e d s t o c k   i s  

i n t r o d u c e d   i n t o   t he   f l u i d i z e d   bed  t h r o u g h   l i n e s   16  

and  94  f o r   c a t a l y t i c   c r a c k i n g .   The  h y d r o c a r b o n  

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

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

o i l s ,   c y c l e   o i l s   d e r i v e d   f rom  any  of  t h e s e ,   as  w e l l  

as  s u i t a b l e   f r a c t i o n s   d e r i v e d   f rom  s h a l e   o i l   k e r o g e n ,  

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

h y d r o g e n a t i o n ,   and   t h e   l i k e .   S u c h   f e e d s t o c k s   m a y  
be  e m p l o y e d   s i n g l y ,   s e p a r a t e l y   in  p a r a l l e l   r e a c t i o n  

z o n e s ,   o r   in   any  d e s i r e d   c o m b i n a t i o n .   T y p i c a l l y ,  

t h e s e   f e e d s t o c k s   w i l l   c o n t a i n   m e t a l   c o n t a m i n a n t s  

such   as  n i c k e l ,   v a n a d i u m   a n d / o r   i r o n .   Heavy  f e e d -  

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

t i o n s   of   v a n a d i u m   a n d / o r   n i c k e l   as  w e l l   as   c o k e  

p r e c u r s o r s ,   s u c h   as  C o n r a d s o n   c a r b o n   m a t e r i a l s .  

The  d e t e r m i n a t i o n   of  t h e   a m o u n t   of  C o n r a d s o n   c a r -  
bon  m a t e r i a l   p r e s e n t   may  be  d e t e r m i n e d   by  ASTM 

t e s t   D 1 8 9 - 6 5 ,   w h i c h   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 .   H y d r o c a r b o n   gas   and  v a p o r s   p a s s i n g   t h r o u g h  

f l u i d i z e d   bed   12  m a i n t a i n   t h e   bed  in   a  d e n s e   t u r -  

b u l e n t   f l u i d i z e d   c o n d i t i o n .   P r e f e r a b l y   h y d r o g e n  

d o n o r   m a t e r i a l   p a s s e s   t h r o u g h   l i n e   92  f o r   p r e b l e n d -  

ing  w i t h   c a t   c r a c k e r   f e e d s t o c k   in  l i n e   16  p r i o r  

to  e n t e r i n g   f l u i d i z e d   c a t a l y s t   bed  12  t h r o u g h   l i n e  

94.  A l t e r n a t i v e l y   t he   h y d r o g e n   d o n o r   m a t e r i a l   may  b e  

added   d i r e c t l y   to  r e a c t i o n   zone  10  in  c l o s e   p r o x i m i t y  



to  t h e   p o i n t   where   the   c a t   c r a c k e r   f e e d s t o c k   e n t e r s  
r e a c t i o n   z o n e   10.   T y p i c a l l y ,   t h e   h y d r o g e n   d o n o r  

m a t e r i a l   w i l l   c o m p r i s e   b e t w e e n   a b o u t   5  and  a b o u t   1 0 0  

w t .   %  of   t h e   h y d r o c a r b o n   f e e d s t o c k   to   be  c r a c k e d .  

In  r e a c t i o n   zone  10,   t h e   c r a c k i n g   c a t a l y s t  

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

f e e d s t o c k   due   to   t h e   d e p o s i t i o n   of   c o k e   t h e r e o n .  

T h u s ,   t h e   t e r m s   " s p e n t "   or   " c o k e   c o n t a m i n a t e d "  

c a t a l y s t   as  used   h e r e i n   g e n e r a l l y   r e f e r   to  c a t a l y s t  

w h i c h   has   p a s s e d   t h r o u g h   a  r e a c t i o n   zone   and  w h i c h  

c o n t a i n s   a  s u f f i c i e n t   q u a n t i t y   o f   c o k e   t h e r e o n   t o  

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

G e n e r a l l y ,   t h e   c o k e   c o n t e n t   of   s p e n t   c a t a l y s t   c a n  

v a r y   a n y w h e r e   f rom  a b o u t   0 . 5   to   a b o u t   5  w t .   %  o r  

m o r e .   T y p i c a l l y ,   s p e n t   c a t a l y s t   coke   c o n t e n t s   v a r y  
f rom  a b o u t   0 .5   to  a b o u t   1 .5   wt.   %. 

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

c a t a l y s t   is   u s u a l l y   p a s s e d   f rom  r e a c t i o n   zone   10  i n t o  

a  s t r i p p i n g   z o n e   18  and  c o n t a c t e d   t h e r e i n   w i t h   a  

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

p o r t i o n   of  zone   18  v i a   l i n e   20.  The  s t r i p p i n g   g a s ,  
w h i c h   i s   u s u a l l y   i n t r o d u c e d   a t   a  p r e s s u r e   o f - f r o m  

a b o u t   10  to  a b o u t   50  p s i g ,   s e r v e s   to  r emove   m o s t   o f  

t he   v o l a t i l e   h y d r o c a r b o n s   f rom  t h e   s p e n t   c a t a l y s t .   A 

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

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

N o r m a l l y ,   t h e   s t r i p p i n g   zone  i s   m a i n t a i n e d   a t   e s s e n -  

t i a l l y   t h e   same  t e m p e r a t u r e   as   t h e   r e a c t i o n   z o n e ,  
i . e .   f r o m   a b o u t   4 5 0 ° C   to   a b o u t   6 0 0 ° C .   S t r i p p e d  

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

h y d r o c a r b o n s   have  been   r e m o v e d ,   i s   t h e n   p a s s e d   f r o m  

the   b o t t o m   of  s t r i p p i n g   zone  18,  t h r o u g h   U - b e n d   22  

and  i n t o   a  c o n n e c t i n g   v e r t i c a l   r i s e r   24  w h i c h   e x t e n d s  

i n t o   t he   l o w e r   p o r t i o n   of  r e g e n e r a t i o n   zone   26.  A i r  



is  added   to  r i s e r   24  v i a   l i n e   28  in  an  a m o u n t   s u f f i c -  

i e n t   to  r e d u c e   t he   d e n s i t y   of  the   c a t a l y s t   f l o w i n g  

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

i n t o   r e g e n e r a t i o n   zone  26  by  s i m p l e   h y d r a u l i c   b a l a n c e .  

In  t he   p a r t i c u l a r   c o n f i g u r a t i o n   shown,   t h e  

r e g e n e r a t i o n   zone   is  a  s e p a r a t e   v e s s e l   ( a r r a n g e d   a t  

a p p r o x i m a t e l y   t h e   same  l e v e l   as  r e a c t i o n   z o n e   1 0 )  

c o n t a i n i n g   a  d e n s e   p h a s e   c a t a l y s t   bed  30  h a v i n g   a 

l e v e l   i n d i c a t e d   a t   32,  w h i c h   is  u n d e r g o i n g   r e g e n e r a -  
t i o n   to  b u r n - o f f   coke  d e p o s i t s   f o r m e d   in  t he   r e a c t i o n  

zone  d u r i n g   the   c r a c k i n g   r e a c t i o n ,   a b o v e   w h i c h   is  a  

d i l u t e   c a t a l y s t   p h a s e   34 .   An  o x y g e n - c o n t a i n i n g  

r e g e n e r a t i o n   gas   e n t e r s   the   l o w e r   p o r t i o n   of  r e g e n e r -  
a t i o n   z o n e   26  v i a   l i n e   36  and  p a s s e s   up  t h r o u g h   a 

g r i d   38  and  t he   d e n s e   p h a s e   c a t a l y s t   bed  30,  m a i n -  

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

s i m i l a r   to  t h a t   p r e s e n t   in  r e a c t i o n   zone   10.  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   g a s e s   wh ich   may  be  e m p l o y e d  

in  t h e   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   a r e   t h o s e  

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

w i t h   a  s u b s t a n t i a l   p o r t i o n   of  an  i n e r t   d i l u e n t   g a s .  
Ai r   is  a  p a r t i c u l a r l y   s u i t a b l e   r e g e n e r a t i o n   g a s .   An 

a d d i t i o n a l   gas   w h i c h   may  be  e m p l o y e d   i s   a i r   e n r i c h e d  

w i t h   o x y g e n .   A d d i t i o n a l l y ,   i f   d e s i r e d ,   s t e a m   m a y  
be  a d d e d   to   t h e   d e n s e   p h a s e   bed  a l o n g   w i t h   t h e  

r e g e n e r a t i o n   gas   or  s e p a r a t e l y   t h e r e f r o m   to  p r o v i d e  
a d d i t i o n a l   i n e r t   d i l u e n t s   a n d / o r   f l u i d i z a t i o n   g a s .  

T y p i c a l l y ,   t he   s p e c i f i c   v a p o r   v e l o c i t y   of  t h e   r e g e n -  
e r a t i o n   gas   w i l l   be  in  t he   r a n g e   of  f rom  a b o u t   0.8  t o  

a b o u t   6 . 0   f e e t / s e c . ,   p r e f e r a b l y   f r o m   a b o u t   1 . 5   t o  

a b o u t   4  f e e t / s e c .  

R e g e n e r a t e d   c a t a l y s t   from  t he   d e n s e   p h a s e  

c a t a l y s t   bed  30  in  t h e   r e g e n e r a t i o n   z o n e   26  f l o w s  

d o w n w a r d   t h r o u g h   s t a n d p i p e   42  and   p a s s e s   t h r o u g h  



U - b e n d   44,  and  l i n e   80  i n t o   r e d u c t i o n   zone   70  m a i n -  

t a i n e d   a t   a  t e m p e r a t u r e   a b o v e   5 0 0 ° C   p r e f e r a b l y  

a b o v e   a b o u t   6000C  h a v i n g   a  r e d u c i n g   a g e n t   s u c h   a s '  

h y d r o g e n   or  c a r b o n   m o n o x i d e ,   e n t e r i n g   t h r o u g h   l i n e   7 2  

to  m a i n t a i n   a  r e d u c i n g   e n v i r o n m e n t   in  the   r e d u c t i o n  

zone   to  p a s s i v a t e   t he   c o n t a m i n a n t s   as  d e s c r i b e d   i n  

more  d e t a i l   h e r e i n a f t e r .   The  r e g e n e r a t e d   and  p a s s i -  

v a t e d   c a t a l y s t   t h e n   p a s s e s   f r o m   r e d u c t i o n   z o n e   7 0  

t h r o u g h   l i n e   82  and  U - b e n d   84  i n t o   t he   r e a c t i o n   z o n e  

10  by  way  of  t r a n s f e r   l i n e   46  w h i c h   j o i n s   U-bend   84  

n e a r   t h e   l e v e l   of  t h e   o i l   i n j e c t i o n   l i n e   16  a n d  

h y d r o g e n   d o n o r   l i n e   9 2 .  

By  r e g e n e r a t e d   c a t a l y s t   is   m e a n t   c a t a l y s t  

l e a v i n g   the   r e g e n e r a t i o n   zone  w h i c h   has   c o n t a c t e d   a n  

o x y g e n - c o n t a i n i n g   g a s   c a u s i n g   a t   l e a s t   a  p o r t i o n ,  

p r e f e r a b l y   a  s u b s t a n t i a l   p o r t i o n ,   of  t he   coke   p r e s e n t  

on  t he   c a t a l y s t   to  be  r e m o v e d .   More  s p e c i f i c a l l y ,  

t he   c a r b o n   c o n t e n t   of  t h e   r e g e n e r a t e d   c a t a l y s t   c a n  

v a r y   a n y w h e r e   f rom  a b o u t   0 . 0 1   to  a b o u t   0 .2   wt .   %,  b u t  

p r e f e r a b l y   i s   f r o m   a b o u t   0 . 0 1   to   a b o u t   0 . 1   wt .   %. 

P r e d e t e r m i n e d   q u a n t i t i e s   of  s e l e c t e d   m e t a l s   or  c o n -  

v e n t i o n a l   p a s s i v a t i o n   p r o m o t e r s   may  be  a d d e d   t o  

t he   h y d r o c a r b o n   f e e d s t o c k   t h r o u g h   l i n e s   16  a n d / o r   9 4 ,  

i f   d e s i r e d ,  a s   d e s c r i b e d   more  f u l l y   h e r e i n a f t e r .   T h e  

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

c o n t a i n i n g   m i n o r   a m o u n t s   of   i r o n ,   n i c k e l   a n d / o r  

v a n a d i u m   c o n t a m i n a n t s   i s   i n j e c t e d   i n t o   l i n e   4 6  

t h r o u g h   l i n e   94  to  form  an  o i l   and  c a t a l y s t   m i x t u r e  

w h i c h   i s   p a s s e d   i n t o   f l u i d   bed  12  w i t h i n   r e a c t i o n  

zone  10.  The  m e t a l   c o n t a m i n a n t s   and  t h e   p a s s i v a t i o n  

p r o m o t e r ,   i f   a n y ,   become  d e p o s i t e d   on  t he   c r a c k i n g  

c a t a l y s t .   P r o d u c t   v a p o r s   c o n t a i n i n g   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   p a s s   o v e r h e a d   f rom  f l u i d   bed  12  

i n t o   a  g a s - s o l i d   s e p a r a t i o n   m e a n s   48  w h e r e i n   t h e  

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



and  r e t u r n e d   t h r o u g h   d i p l e g s   50  l e a d i n g   b a c k   i n t o  

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

t h r o u g h   l i n e   5-2  and  c o n d e n s e r   102  i n t o   f r a c t i o n a t i o n  

z o n e   1 0 0 ,   w h e r e i n   t h e   p r o d u c t   s t r e a m   i s   s e p a r a t e d  

i n t o   two  or  more  f r a c t i o n s .   F r a c t i o n a t i o n   zone  1 0 0  

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

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

T y p i c a l l y ,   zone  100  may  c o m p r i s e   a  p l a t e   or  p a c k e d  

c o l u m n   of   c o n v e n t i o n a l   d e s i g n .   In  t h e   e m b o d i m e n t  

shown  t h e   p r o d u c t   i s   s e p a r a t e d   i n t o   an  o v e r h e a d  

s t r e a m   e x i t i n g   t h r o u g h   l i n e   1 0 4 ,   c o m p r i s i n g   l i g h t  

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

2 0 0 0 C ,   a  m i d d l e   c u t   b o i l i n g   in  t h e . r a n g e   of   a b o u t  

200  to  370°C  e x i t i n g   t h r o u g h   l i n e   106  and  a  b o t t o m s  

s t r e a m   b o i l i n g   a b o v e   a b o u t   3 7 0 ° C   e x i t i n g   t h r o u g h  

l i n e   108 .   At  l e a s t   a  f r a c t i o n   of  the   p r o d u c t   in  l i n e  

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

g e n a t i o n   z o n e   110  m a i n t a i n e d   u n d e r   h y d r o g e n a t i n g  

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

ing  zone  110  t h r o u g h   l i n e   112 .   A  g a s e o u s   s t r e a m   may 

p a s s   f rom  zone  110  t h r o u g h   l i n e   114  f o r   r e m o v a l   o f  

any  u n d e s i r e d   b y - p r o d u c t s .   Zone  110  t y p i c a l l y   w i l l  

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

o x i d e   or  m o l y b d e n u m   s u l f i d e ,   and  a  n i c k e l   or  c o b a l t  

s a l t ,   s u c h   as   n i c k e l   or  c o b a l t   o x i d e s   a n d / o r   s u l -  

f i d e s .   T h e s e   s a l t s   t y p i c a l l y   a r e   d e p o s i t e d   on  a  

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

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

a r e   p a r t i c u l a r l y   s u i t a b l e   a r e   d e s c r i b e d   in   U . S .  

P a t e n t   No.  3 , 5 0 9 , 0 4 4 ,   t h e   d i s c l o s u r e   of   w h i c h   i s  

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 .   Zone  110  w i l l   b e  

m a i n t a i n e d   a t   a  t e m p e r a t u r e   r a n g i n g   b e t w e e n   a b o u t   3 5 0  

and  400oC  and  a  p r e s s u r e   r a n g i n g   b e t w e e n   a b o u t   6 0 0  

and  3000   p s i .   A  v a p o r   s t r e a m   e x i t s   z o n e   110  f o r  



r e c y c l i n g   and  a  . f u r t h e r   p r o c e s s i n g   ( n o t   s h o w n ) .  

The  a t   l e a s t   p a r t i a l l y   h y d r o g e n a t e d   s t r e a m   e x i t i n g  

z o n e   1 1 0 ,   a l s o   r e f e r r e d   to   as   t h e   h y d r o g e n   d o n o r  

m a t e r i a l ,   i s   r e c y c l e d   to  t he   r e a c t i o n   zone   t h r o u g h  

l i n e   9 2 .  

In  r e g e n e r a t i o n   zone  26,  f l u e   g a s e s   f o r m e d  

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

t h e   d e n s e   p h a s e   c a t a l y s t   bed   30  i n t o   t h e   d i l u t e  

c a t a l y s t   p h a s e   34  a l o n g   w i t h   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 .   The  c a t a l y s t   p a r t i c l e s   a r e   s e p a r a t e d   f r o m  

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

54  and  r e t u r n e d   to  t he   d e n s e   p h a s e   c a t a l y s t   bed  30  

v i a   d i p l e g s   56.  The  s u b s t a n t i a l l y   c a t a l y s t - f r e e   f l u e  

g a s   t h e n   p a s s e s   i n t o   a  p l e n u m   c h a m b e r   58  p r i o r   t o  

d i s c h a r g e   from  t h e   r e g e n e r a t i o n   zone   26  t h r o u g h   l i n e  

6 0 .   W h e r e   t h e   r e g e n e r a t i o n   z o n e   i s   o p e r a t e d   f o r  

s u b s t a n t i a l l y   c o m p l e t e   c o m b u s t i o n   of  t he   c o k e ,   t h e  

f l u e   gas   t y p i c a l l y   w i l l   c o n t a i n   l e s s   t h a n   a b o u t   0 . 2 ,  

p r e f e r a b l y   l e s s   t h a n   0 . 1   and  m o r e   p r e f e r a b l y   l e s s  

t h a n   0 . 0 5   v o l u m e   %  c a r b o n   m o n o x i d e .   The  o x y g e n  
c o n t e n t   u s u a l l y   w i l l   v a r y   from  a b o u t   0 .4   to  a b o u t   7 

v o l .   %,  p r e f e r a b l y   from  a b o u t   0 .8   to  a b o u t   5  v o l .   %, 

more   p r e f e r a b l y   from  a b o u t   1  to  a b o u t   3  v o l .   %,  m o s t  

p r e f e r a b l y   from  a b o u t   1 .0   to  a b o u t   2  v o l .   %. 

R e d u c t i o n   zone   70  may  be  any  v e s s e l   p r o v i d -  

ing  s u i t a b l e   c o n t a c t i n g   of  t h e   c a t a l y s t   w i t h   a  r e d u c -  

ing  e n v i r o n m e n t   a t   e l e v a t e d   t e m p e r a t u r e s .   The  s h a p e  

of  r e d u c t i o n   zone  70  i s   n o t   c r i t i c a l .   In  t h e   e m b o d i -  

m e n t   s h o w n ,   r e d u c t i o n   z o n e   70  c o m p r i s e s   a  t r e a t e r  

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

r e g e n e r a t i o n   zone  26,  w i t h   t h e   r e d u c i n g   e n v i r o n m e n t  

m a i n t a i n e d ,   and  c a t a l y s t   f l u i d i z e d   by,   r e d u c i n g   a g e n t  

e n t e r i n g   t h r o u g h   l i n e   72  and  e x i t i n g   t h r o u g h   l i n e   7 8 .  

The  v o l u m e   of  d e n s e   p h a s e   74  h a v i n g   a  l e v e l   a t   7 6  

i s   d e p e n d e n t   on  t h e   r e q u i r e d   r e s i d e n c e   t i m e .   T h e  



r e s i d e n c e   t i m e   of  t he   c a t a l y s t   in  r e d u c t i o n   zone  7 0  

is  not   c r i t i c a l   as  long  as  i t   is  s u f f i c i e n t   to  e f f e c t  

the  p a s s i v a t i o n .   The  r e s i d e n c e   t ime   w i l l ' r a n g e   f r o m  

a b o u t   5  s e c .   to  a b o u t   30  m i n . ,   t y p i c a l l y   from  a b o u t  

2  to  5  m i n u t e s .   The  p r e s s u r e   in  t h i s   zone  is  n o t  

c r i t i c a l   and  g e n e r a l l y   w i l l   be  a  f u n c t i o n   of  t h e  

l o c a t i o n   of  r e d u c t i o n   zone  70  in  t he   s y s t e m   and  t h e  

p r e s s u r e   in  t he   a d j a c e n t   r e g e n e r a t i o n   and  r e a c t i o n  

z o n e s .   In  t h e   e m b o d i m e n t   s h o w n ,   t h e   p r e s s u r e   in  z o n e  

70  w i l l   be  m a i n t a i n e d   in  the   r a n g e   of  a b o u t   5  to  50  

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

be  d e s i g n e d   to  w i t h s t a n d   p r e s s u r e s   of  100  p s i a .   T h e  

t e m p e r a t u r e   in   r e d u c t i o n   z o n e   70  s h o u l d   be  a b o v e  

a b o u t   5 0 0 ° C   p r e f e r a b l y   a b o v e   6 0 0 ° C ,   b u t   b e l o w   t h e  

t e m p e r a t u r e   a t   w h i c h   t h e   c a t a l y s t   s i n t e r s   or  d e -  

g r a d e s .   A  p r e f e r r e d   t e m p e r a t u r e   r a n g e   is   a b o u t  

6 0 0 - 8 5 0 0 C ,   w i t h   t he   more  p r e f e r r e d   t e m p e r a t u r e   r a n g e  

b e i n g   6 5 0 - 7 5 0 ° C .   The  r e d u c t i o n   z o n e   70  can   b e  

l o c a t e d   e i t h e r   b e f o r e   or   a f t e r   r e g e n e r a t i o n   . z o n e  

26,   w i t h   t h e   p r e f e r r e d   l o c a t i o n   b e i n g   a f t e r   t h e  

r e g e n e r a t i o n   z o n e ,   so  t h a t   the   h e a t   i m p a r t e d   to  t h e  

c a t a l y s t   by  the   r e g e n e r a t i o n   o b v i a t e s   or  m i n i m i z e s  

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

r e d u c i n g   a g e n t   u t i l i z e d   in  the   r e d u c t i o n   zone  70  i s  

not   c r i t i c a l ,   a l t h o u g h   h y d r o g e n   and  c a r b o n   m o n o x i d e  

a re   the   p r e f e r r e d   r e d u c i n g   a g e n t s .   O t h e r   r e d u c i n g  

a g e n t s   i n c l u d i n g   l i g h t   h y d r o c a r b o n s ,   s u c h   as  C3  

h y d r o c a r b o n s ,   may  a l s o   be  s a t i s f a c t o r y .  

R e d u c t i o n   zone  70  can  be  c o n s t r u c t e d   of  a n y  

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

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

and  the  h i g h   a t t r i t i o n   c o n d i t i o n s   w h i c h   a r e   i n h e r e n t  

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

S p e c i f i c a l l y ,   m e t a l s   a r e   c o n t e m p l a t e d   wh ich   may  o r  

may  not   be  l i n e d .   More  s p e c i f i c a l l y ,   c e r a m i c   l i n e r s  

a re   c o n t e m p l a t e d   w i t h i n   any  and  a l l   p o r t i o n s   of  t h e  



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

d e s i g n s   in   o r d e r   to   w i t h s t a n d   t h e   maximum  c o n t e m -  

p l a t e d   o p e r a t i n g   t e m p e r a t u r e s .  
The  r e d u c i n g   a g e n t   u t i l i z e d   in  a l l   bu t   o n e  

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

c o m p r i s i n g   99.9%  h y d r o g e n .   In  the   r e m a i n i n g   t e s t ,  

shown  in  T a b l e   V I I I   a  r e d u c i n g   a g e n t   c o m p r i s i n g   9 9 . 3 %  

CO  was  u t i l i z e d .   I t   i s   e x p e c t e d   t h a t   c o m m e r c i a l  

g r a d e   h y d r o g e n ,   c o m m e r c i a l   g r a d e   CO,  and  p r o c e s s   g a s  
s t r e a m s   c o n t a i n i n g   H2  a n d / o r   CO  can   be  u t i l i z e d .  

E x a m p l e s   i n c l u d e   c a t   c r a c k e r   t a i l   g a s ,   c a t a l y t i c  

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

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

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

in  r e d u c i n g   zone   70  w i l l ,   of  c o u r s e ,   be  d e p e n d e n t   o n  

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

r e d u c i n g   z o n e .   In  a  t y p i c a l   f l u i d i z e d   c a t a l y t i c  

c r a c k i n g   u n i t   i t   i s   a n t i c i p a t e d   t h a t   a b o u t   10  to  1 0 0  

s c f   of   h y d r o g e n   or  a b o u t   10  to   100  s c f   of  CO  g a s  
w o u l d   be  r e q u i r e d   f o r   e a c h   t o n   o f   c a t a l y s t   p a s s e d  

t h r o u g h   r e d u c t i o n   zone  7 0 .  

I f   t h e   r e d u c i n g   a g e n t   e n t e r i n g   t h r o u g h   l i n e  

72  is   c i r c u l a t e d   t h r o u g h   r e d u c t i o n   zone  70  and  t h e n c e  

i n t o   o t h e r   u n i t s ,   a  g a s - s o l i d s   s e p a r a t i o n   means   m a y  
be  r e q u i r e d   f o r   use   in  c o n n e c t i o n   w i t h   t he   r e d u c t i o n  

zone .   I f   t h e   r e d u c i n g   a g e n t   e x i t i n g   from  zone  70  i s  

c i r c u l a t e d   b a c k   i n t o   t he   r e d u c t i o n   z o n e ,   a  g a s - s o l i d s  

s e p a r a t i o n   m e a n s   may  n o t   be  n e c e s s a r y .   P r e f e r r e d  

s e p a r a t i o n   m e a n s   f o r   z o n e s   10 ,   26  and  70  w i l l   b e  

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

d e s i g n   and  c o n s t r u c t i o n   a r e   w e l l   known  in  the   a r t .  

In  the   c a s e   of  c y c l o n e   s e p a r a t o r s ,   a  s i n g l e   c y c l o n e  

may  be  u s e d ,   b u t   p r e f e r a b l y ,   more  t h a n   one  c y c l o n e  

w i l l   be  u s e d   in  p a r a l l e l   or  in  s e r i e s   f low  to  e f f e c t  

the  d e s i r e d   d e g r e e   of  s e p a r a t i o n .  



The  c o n s t r u c t i o n   of  r e g e n e r a t i o n   zone   26 

can  be  made  w i t h   any  m a t e r i a l   s u f f i c i e n t l y   a b l e   t o  

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

when  a f t e r b u r n i n g   is   e n c o u n t e r e d   w i t h i n   t h e   v e s s e l  

and  the   h i g h   a t t r i t i o n   c o n d i t i o n s   which   a r e   i n h e r e n t  

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

and  t r a n s p o r t e d .   S p e c i f i c a l l y ,   m e t a l s   a r e   c o n t e m -  

p l a t e d   w h i c h   m a y  o r   may  n o t   be  l i n e d .   More  s p e c i f -  

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

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

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

o r d e r   to  w i t h s t a n d   t e m p e r a t u r e s   of  a b o u t   7600C  a n d ,  

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

w h i c h   may  be  as  h i g h   as  1 0 0 0 ° C .  

The  p r e s s u r e   in  t he   r e g e n e r a t i o n   zone   i s  

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

to  a b o u t   50  p s i g . ,   p r e f e r a b l y   f rom  a b o u t   10  to   5 0  

p s i g .   I t   is   p r e f e r r e d ,   h o w e v e r ,   to   d e s i g n   t h e  

r e g e n e r a t i o n   z o n e   to  w i t h s t a n d   p r e s s u r e s   of   up  t o  

a b o u t   100  p s i g .   O p e r a t i o n   of  the   r e g e n e r a t i o n   z o n e  

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

c o n v e r s i o n   of  c a r b o n   m o n o x i d e   to  c a r b o n   d i o x i d e   a n d  

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

p h a s e   a t   wh ich   t he   s u b s t a n t i a l l y   c o m p l e t e   c o m b u s t i o n  

of  c a r b o n   m o n o x i d e   can  be  a c c o m p l i s h e d .   The  h i g h e r  

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

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

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

The  r e s i d e n c e   t i m e   of  the   s p e n t   c a t a l y s t   i n  

t he   r e g e n e r a t i o n   zone  i s   no t   c r i t i c a l   so  l o n g   as  t h e  

c a r b o n   on  t he   c a t a l y s t   is   r e d u c e d   to  an  a c c e p t a b l e  

l e v e l .   In  g e n e r a l ,   i t   c an   v a r y   f r o m   a b o u t   1  t o  

30  m i n u t e s .   The  c o n t a c t   t ime   or  r e s i d e n c e   t i m e   o f  

the   f l u e   gas   in  the   d i l u t e   c a t a l y s t   p h a s e   e s t a b l i s h e s  

t he   e x t e n t   to  which   t h e   c o m b u s t i o n   r e a c t i o n   can  r e a c h  



e q u i l i b r i u m .   The  r e s i d e n c e   t ime   of  the   f l u e   gas   may 
v a r y   f rom  a b o u t   10  to  a b o u t   60  s e c o n d s   in  t he   r e g e n -  
e r a t i o n   zone   and  f rom  a b o u t   2  t o -  a b o u t   30  s e c o n d s   i n  

t h e   d e n s e   bed  p h a s e .   P r e f e r a b l y ,   t he   r e s i d e n c e   t i m e  

of  t h e   f l u e   g a s   v a r i e s   f rom  a b o u t   15  to   a b o u t   2 0  

s e c o n d s   in  the   d e n s e   b e d .  

The   p r e s e n t   i n v e n t i o n   may  be  a p p l i e d  

b e n e f i c i a l l y   to   any  t y p e   of  f l u i d   c a t   c r a c k i n g   u n i t  

w i t h o u t   l i m i t a t i o n   as  to  the  s p a t i a l   a r r a n g e m e n t   o f  

the   r e a c t i o n ,   s t r i p p i n g ,   and  r e g e n e r a t i o n   z o n e s ,   w i t h  

o n l y   t he   a d d i t i o n   of  r e d u c t i o n   zone  70  and  r e l a t e d  

e l e m e n t s .   In  g e n e r a l ,   any  c o m m e r c i a l   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   d e s i g n e d   fo r   h i g h   t h e r m a l   s t a b i l i t y  

c o u l d   be  s u i t a b l y   e m p l o y e d   in  the   p r e s e n t   i n v e n t i o n .  

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

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

s u c h   as  p l a t i n u m   can   be  u s e d .   O t h e r   r e f r a c t o r y   m e t a l  

o x i d e s   s u c h   as  m a g n e s i a   or  z i r c o n i a   may  be  e m p l o y e d  

and  a r e   l i m i t e d   o n l y   by  t h e i r   a b i l i t y   to  be  e f f e c -  

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

Wi th   p a r t i c u l a r   r e g a r d   to  c a t a l y t i c   c r a c k i n g ,   p r e -  
f e r r e d   c a t a l y s t s   i n c l u d e   the   c o m b i n a t i o n s   of  s i l i c a  

and  a l u m i n a ,   c o n t a i n i n g   10  to  50  wt.   %  a l u m i n a ,   a n d  

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

or  c r y s t a l l i n e   a l u m i n o s i l i c a t e s .   S u i t a b l e   m o l e c u l a r  

s i e v e s   i n c l u d e   b o t h   n a t u r a l l y   o c c u r r i n g   and  s y n t h e t i c  
a l u m i n o s i l i c a t e   m a t e r i a l s ,   such   as  f a u j a s i t e ,   c h a -  

b a z i t e ,   X - t y p e   and  Y - t y p e   a l u m i n o s i l i c a t e   m a t e r i a l s  

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

s i l i c a t e   m a t e r i a l s .   When  a d m i x e d   w i t h ,   f o r   e x a m p l e ,  

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

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

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

t he   r a n g e   f rom  5 - 3 5   wt .   %,  p r e f e r a b l y   8 -20   wt .   %.  An 

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



c o n t a i n   as  l i t t l e   as  a b o u t   1  w t .   %  c r y s t a l l i n e  

m a t e r i a l .   A d m i x t u r e s   of  c l a y - e x t e n d e d   a l u m i n a s   may  
a l s o   be  e m p l o y e d .   Such  c a t a l y s t s   may  be  p r e p a r e d   i n  

any  s u i t a b l e   m e t h o d   such   as  by  i m p r e g n a t i o n ,   m i l l i n g ,  

c o - g e l l i n g ,   and  t he   l i k e ,   s u b j e c t   o n l y   to  t he   p r o v i -  

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

form  c a p a b l e   of  f l u i d i z a t i o n .   In  the   f o l l o w i n g   t e s t s  

a  c o m m e r c i a l l y   a v a i l a b l e   s i l i c a   a l u m i n a   z e o l i t e  

c a t a l y s t   s o l d   u n d e r   the   t r a d e n a m e   CBZ-1,   m a n u f a c t u r e d  

by  D a v i s o n   D i v i s i o n ,   W.  R.  G r a c e   &  Company  was  u s e d  

a f t e r   s t e a m i n g   to  s i m u l a t e   t he   a p p r o x i m a t e   e q u i l i b -  

r ium  a c t i v i t y   of  t he   c a t a l y s t .  

F r a c t i o n a t i o n   z o n e   1 0 0 ,   of  c o n v e n t i o n a l  

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

r a n g i n g   b e t w e e n   a b o u t   10  and  20  p s i   and  a  b o t t o m s  

t e m p e r a t u r e   r a n g i n g   up  to  a b o u t   400oC.   The  s p e c i f i c  

c o n d i t i o n s   w i l l   be  a  f u n c t i o n   of   many  v a r i a b l e s  

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

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

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

zone  110  p r e f e r a b l y   has  a  b o i l i n g   r a n g e   of  a b o u t   2 0 0  

to  a b o u t   3 7 0 0 C   and   i s   f r e q u e n t l y   r e f e r r e d   to   as  a  

l i g h t   c a t   c y c l e   o i l .   The  f e ed   to  the   h y d r o g e n a t i o n  

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

c o m p o u n d s   w h i c h   w i l l   a c c e p t   h y d r o g e n   in  zone   110  a n d  

r e a d i l y   r e l e a s e   t h e   h y d r o g e n   in  r e a c t i o n   z o n e   1 0  

w i t h o u t   d e h y d r o g e n a t i v e   a c t i o n .   P r e f e r r e d   h y d r o g e n  

d o n o r   c o m p o u n d s   i n c l u d e   two  r i n g   n a p h t h e n i c   c o m p o u n d s  
such   as  d e c a h y d r o n a p h t h a l e n e   ( d e c a l i n )   and  two  r i n g  

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

( t e t r a l i n ) .  

H y d r o g e n a t i o n   zone  110  may  be  of  c o n v e n -  

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

i n c l u d e   m o l y b d e n u m   s a l t s   and  n i c k e l   a n d / o r   c o b a l t  

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



t i m e   of  t h e   m i d d l e   c u t   f rom  zone  100  in  t h e   h y d r o g e n -  

a t i o n   z o n e   may  r a n g e   f r o m   a b o u t   10  to   a b o u t   2 4 0  

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

d e g r e e   of  h y d r o g e n a t i o n .  

As  s h o w n   by  t h e   d a t a   in  T a b l e s   I - I X   t h e  

i n c o r p o r a t i o n   of  a  r e d u c t i o n   zone  70  is   n o t   e f f e c t i v e  

f o r   p a s s i v a t i n g   a  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   u n l e s s :  

A.  a  t e m p e r a t u r e   in  e x c e s s   of  a b o u t   5 0 0 ° C  

is  u s e d ;   a n d  

B.  a t   l e a s t   two  m e t a l s   s e l e c t e d   f rom  t h e  

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

u t i l i z e d .  

The  d a t a   in  T a b l e   X  s h o w s   t h a t   use   o f   a  

h y d r o g e n   d o n o r   a l s o   d e c r e a s e s   h y d r o g e n   and  c o k e  

m a k e s .   When  t he   use   of  a  h y d r o g e n   d o n o r   i s   c o m b i n e d  

w i t h   t he   p r e v i o u s l y   d e s c r i b e d   p a s s i v a t i o n   p r o c e s s ,  
t h i s   r e s u l t s   in  s t i l l   l o w e r   coke   m a k e s .  

U n l e s s   o t h e r w i s e   n o t e d   t h e   f o l l o w i n g   t e s t  

c o n d i t i o n s   we re   u s e d .   The  CBZ-1  c a t a l y s t   u t i l i z e d  

w a s   f i r s t   s t e a m e d   a t   7 6 0 0 C   f o r   16  h o u r s   a f t e r  

w h i c h   t h e   c a t a l y s t   was  c o n t a m i n a t e d   w i t h   t he   i n d i -  

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

c a l c i n i n g   in   a i r   a t   a b o u t   5400C  f o r   f o u r   h o u r s .  

The  c a t a l y s t   was  t h e n   s u b j e c t e d   to   t h e   i n d i c a t e d  

n u m b e r   of  r e d o x   c y c l e s .   Each  c y c l e   c o n s i s t e d   of  a .  

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

a  f i v e - m i n u t e   n i t r o g e n   f l u s h   and  t h e n   a  f i v e - m i n u t e  

r e s i d e n c e   in  an  a i r   a t m o s p h e r e   a t   t h e   i n d i c a t e d  

t e m p e r a t u r e s .   F o l l o w i n g   t he   r e d o x   c y c l e s   t h e   c a t a -  

l y s t   was  u t i l i z e d   in  a  m i c r o c a t a l y t i c   c r a c k i n g   (MCC) 

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

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

5 0 0 ° C .   T e s t s   w e r e   run   by  p a s s i n g   a  v a c u u m   g a s  
o i l   h a v i n g   a  m i n i m u m   b o i l i n g   p o i n t   of   a b o u t   3 4 0 ° C  



and  a  maximum  b o i l i n g   p o i n t   of  a b o u t   5650C  t h r o u g h  

the   r e a c t o r   f o r   two  m i n u t e s   and  a n a l y z i n g   f o r   h y d r o -  

gen   and   c o k e   p r o d u c t i o n .   In  T a b l e   I  d a t a   i s   p r e -  
s e n t e d   i l l u s t r a t i n g   t h a t   t h e   i n c o r p o r a t i o n   of  a 

r e d u c t i o n   s t e p   f o l l o w e d   by  an  o x i d a t i o n   s t e p   ( r e d o x )  

s i g n i f i c a n t l y   d e c r e a s e d   the   h y d r o g e n   and  coke   m a k e s .  

T a b l e   I I   i l l u s t r a t e s   t h a t   h y d r o g e n   and   c o k e   m a k e  

r e d u c t i o n s   s i m i l a r   to  t h a t   shown  in  T a b l e   I  a l s o   w e r e  

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

t h e   m e t a l s   had  been   d e p o s i t e d   by  the   p r o c e s s i n g   o f  

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

t o r y   i m p r e g n a t i o n .  



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

is  a  f u n c t i o n   of  t he   r e d u c t i o n   zone   t e m p e r a t u r e .   I t  

can  be  s e e n   t h a t   the   a d v e r s e   c a t a l y t i c   e f f e c t s   of  t h e  

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

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

r e d u c t i o n   zone   70  is  o n l y   500oC.   As  the   r e d u c t i o n  

zone  t e m p e r a t u r e   is  i n c r e a s e d ,   i t   can  be  s e e n   t h a t  

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



Based   on  t h i s   d a t a ,   i t   i-s  b e l i e v e d   t h a t   the   r e d u c t i o n  

s t e p   d e c r e a s e s   t he   h y d r o g e n   and  coke  makes   and  t h a t  

t he   r e d u c t i o n   mus t   be  p e r f o r m e d   a t   a  t e m p e r a t u r e   i n  

e x c e s s   of  5 0 0 ° C .  

T a b l e   IV,  i l l u s t r a t e s   t h a t   whe re   on ly   o n e  

of  t he   m e t a l   c o n t a m i n a n t s   is   p r e s e n t ,   t he   r e d o x   s t e p  

at   6500C  is   no t   e f f e c t i v e   in  r e d u c i n g   the   h y d r o g e n  

and  coke  m a k e s .  

Thus ,   to  p a s s i v a t e   t he   m e t a l   c o n t a m i n a n t s  

on  a  c a t a l y s t ,   whe re   a t   l e a s t   a  m a j o r   p o r t i o n   i . e . ,  

a t   l e a s t   50  w t .  %   of  t h e   t o t a l   of  the   m e t a l   c o n t a m i n -  

a n t s   c o m p r i s e s   n i c k e l ,   v a n a d i u m   or  i r o n ,   i t   may  b e  

n e c e s s a r y   to  add  p r e d e t e r m i n e d   q u a n t i t i e s   of  e i t h e r  

of  t he   o t h e r   two  c o n t a m i n a n t s .   T y p i c a l l y ,   c r u d e   o i l  

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

i r o n .   V a n a d i u m   and  n i c k e l ,   h o w e v e r ,   t y p i c a l l y   a r e  

f o u n d   in   many  c r u d e s ,   w i t h   t h e   r e l a t i v e   a m o u n t s  

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

t a i n   V e n e z u e l a n   c r u d e s   have   r e l a t i v e l y   h i g h   v a n a d i u m  

and  r e l a t i v e l y   low  n i c k e l   c o n c e n t r a t i o n s ,   w h i l e   t h e  

c o n v e r s e   i s   t r u e   f o r   c e r t a i n   d o m e s t i c   c r u d e s .   I n  

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

h y d r o t r e a t e d   gas   o i l s   may  have  r e l a t i v e l y   h i g h   n i c k e l  



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

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

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

d e p o s i t i o n s   w h e r e   t h e   i r o n   o x i d e   s c a l e   on  p r o c e s s  

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

is  t r a n s p o r t e d   t h r o u g h   t h e   s y s t e m   by  t he   f e e d s t o c k .  

The  r e l a t i v e   c a t a l y t i c   a c t i v i t y   of  t h e   i n d i v i d u a l  

m e t a l   c o n t a m i n a n t s   n i c k e l ,   v a n a d i u m   and  i r o n   fo r   t h e  

f o r m a t i o n   of  h y d r o g e n   and  coke   a re   a p p r o x i m a t e l y   1 0 :  

2 . 5 :   1.  B a s e d   on  t h i s ,   i r o n   p r e f e r a b l y   s h o u l d   b e  

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

n i c k e l ,   or  v a n a d i u m .   T a b l e   V  i l l u s t r a t e s   t h e   p a s s i -  

v a t i o n   t h a t   i s   a c h i e v e d   by  a d d i n g   q u a n t i t i e s   o f  

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

n i c k e l .  

T a b l e   VI  i l l u s t r a t e s   t h e   p a s s i v a t i o n  

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

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

A t t e n t i o n   is  d i r e c t e d   to  t h e   f a c t   t h a t   t h e   a d d i t i o n  

of  0 . 0 2   wt .   %  v a n a d i u m   f o l l o w e d   by  r e d o x   p a r t i a l l y  

p a s s i v a t e d   the   c a t a l y s t .   C o m b i n a t i o n   of  t he   n i c k e l  

c o n t a m i n a t e d   c a t a l y s t   w i t h   0 . 1 2   w t .  %   v a n a d i u m  

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

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



c a t a l y s t   w i t h   0 . 5 0   w t .   %  v a n a d i u m   r e s u l t e d   in   a n  

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

t h e   c a t a l y s t   c o n t a i n i n g   o n l y   0 . 1 2   wt .   %  n i c k e l .  

T h u s ,   t h e r e   a p p e a r s   to  be  a  l e v e l   of  a d d i t i o n   of  t h e  

s e c o n d   m e t a l   c o m p o n e n t ,   a b o v e   w h i c h   the   e f f e c t i v e n e s s  

of  the   p a s s i v a t i o n   d e c r e a s e s .   The  e x a c t   amoun t   o f  

n i c k e l ,   v a n a d i u m   or  i r o n   w h i c h   s h o u l d   be  a d d e d   to  a 

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   has   no t   been   d e t e r m i n e d .  

T a b l e   VI I   i l l u s t r a t e s   p a s s i v a t i o n   of  a 

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

n i c k e l   and  v a n a d i u m .   I t   s h o u l d   be  n o t e d   t h a t   t h e  

r e d o x   a t   6500C  r e s u l t e d   in   a  s i g n i f i c a n t   d e c r e a s e  

in  h y d r o g e n   and  coke  m a k e s ,   b u t   t h a t ,   h e r e   a l s o ,   t h e  

f u r t h e r   a d d i t i o n   of  p a s s i v a t i n g   m e t a l   in  the   form  o f  

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

a c t i v i t y   o f   t h e   m e t a l   c o n t a m i n a n t s   s l i g h t l y .  



T a b l e   V I I I   i l l u s t r a t e s   t h a t   m e t a l s - c o n t a m -  

i n a t e d   c a t a l y s t   a l s o   can  be  p a s s i v a t e d   by  the   use  o f  

c a r b o n   m o n o x i d e   r a t h e r   t h a n   h y d r o g e n   as  the   r e d u c i n g  

a g e n t .   In  one  run   C P g r a d e   CO  c o n t a i n i n g   99.3%  CO  b y  

v o l u m e   was  u t i l i z e d   in  t h e   p r e v i o u s l y   d e s c r i b e d  

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

u s e d   in  t h e   c o m p a r a t i v e   r u n .   I t   can   be  s e e n   t h a t  

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

t h e   same  e x t e n t .  

A s   s h o w n   by  t h e   d a t a   o f   T a b l e   I X ,   t h e  

a d d i t i o n   of  i r o n   or  a n t i m o n y   f o l l o w e d   by  h i g h   t e m p e r -  

a t u r e   r e d o x ,   r e d u c e d   t h e   r a t e   of   h y d r o g e n   and  c o k e  

f o r m a t i o n .   The  a d d i t i o n   of  b o t h   i r o n   and  a n t i m o n y  

f o l l o w e d   by  h i g h   t e m p e r a t u r e   r e d o x   l e a d s   to  a  still greater 
d e c r e a s e   in  h y d r o g e n   and  coke  m a k e s .  

*  C h e m i c a l l y   P u r e  



In  a d d i t i o n   to  a n t i m o n y ,   i t   is  b e l i e v e d   t h a t   o t h e r  

known  p a s s i v a t i o n   a g e n t s   s u c h   as  t i n ,   b i s m u t h   a n d  

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

d e c r e a s e   the   h y d r o g e n   and  coke   m a k e s .  

I t   has   been   f o u n d   t h a t   one  p a s s a g e   t h r o u g h  

t h e   r e a c t i o n   and  r e g e n e r a t i o n   z o n e s   r e d u c e s   t h e  

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

T h u s ,   a t   l e a s t   a  p o r t i o n   of  t he   c a t a l y s t   p r e f e r a b l y  

is  p a s s e d   t h r o u g h   r e d u c t i o n   zone  70  on  e v e r y   c a t a l y s t  

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

The   q u a n t i t y   o f   m e t a l   c o n t a m i n a n t ,   o r  

p a s s i v a t i o n   p r o m o t e r ,   i f   a n y ,   t h a t   s h o u l d   be  added   t o  

the   s y s t e m   may  be  d e t e r m i n e d   p r e f e r a b l y   by  m o n i t o r i n g  

the   h y d r o g e n   and  coke  makes   in  t he   r e a c t i o n   zone   o r  

by  a n a l y z i n g   t h e   m e t a l   c o n t a m i n a n t   c o n c e n t r a t i o n  

e i t h e r   in  the   h y d r o c a r b o n   f e e d   or  on  the   c a t a l y s t .  

Where  a d d i t i o n a l   i r o n ,   v a n a d i u m   or  n i c k e l   is   to  b e  

a d d e d   to  t he   s y s t e m   to  r e d u c e   t h e   h y d r o g e n   and  c o k e  

m a k e s ,   i t   is   b e l i e v e d   t h a t   t he   a d d i t i o n a l   q u a n t i t i e s  

of  t h e s e   m e t a l s   s h o u l d   be  a d d e d   to  the   f e e d ,   r a t h e r  

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

I m p r e g n a t i o n   of  an  e x c e s s   of  t h e s e   m e t a l s   o n t o   t h e  

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

may  l e a d   to  h i g h e r   i n i t i a l   h y d r o g e n   and  coke   m a k e s .  



M o r e o v e r ,   w h e r e   p a s s i v a t i o n   p r o m o t e r s   h a v i n g   r e l a -  

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

u s e d ,   some  of  t he   p a s s i v a t i o n   p r o m o t e r   may  be  l o s t  

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

c a t a l y s t .   I t   h a s   b e e n   f o u n d   t h a t   t h e   p a s s i v a t i o n  

e f f i c i e n c y   of   a n t i m o n y   is   h i g h e r   when  the   a n t i m o n y  

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

when  i t   is  i m p r e g n a t e d   o n t o   the   c a t a l y s t .  
T a b l e   X  s h o w s   t h a t   t h e   a d d i t i o n   o f   a  

h y d r o g e n   d o n o r   to  t h e   r e a c t i o n   z o n e   r e d u c e s   t h e  

h y d r o g e n   and  c o k e   m a k e s .   When  t h i s   i s   c o m b i n e d  

w i t h   t he   p r e v i o u s l y   d e s c r i b e d   p a s s i v a t i o n   p r o c e s s ,  
s t i l l   l o w e r   coke   makes   r e s u l t .   In  T a b l e   X  t he   f e e d  

fo r   a l l   t e s t s   was  60%  vacuum  gas   o i l   (VGO),  and  40% 

l i g h t   c a t   c y c l e   o i l   (LCCO).  The  vacuum  gas   o i l   h a d  

a  minimum  b o i l i n g   p o i n t   of  a b o u t   3400C  and  a  m a x i -  

mum  b o i l i n g   p o i n t   of  a b o u t   565°C  as  in  the   p r e v i o u s  

t e s t s .   The  l i g h t   c a t   c y c l e   o i l   had  a  minimum  b o i l i n g  

p o i n t   of  a b o u t   200oC  and  a  maximum  b o i l i n g   p o i n t   o f  

a b o u t   3 2 5 0 C .   In  t h e   f i r s t   t e s t   shown  in  T a b l e   X 

the  LCCO  was  n o t   h y d r o g e n a t e d   and  the   m e t a l s   c o n t a m -  

i n a t e d   c a t a l y s t   was  no t   p a s s i v a t e d .   In  the   s e c o n d  

t e s t   t he   LCCO  f r a c t i o n   of  t h e   f e ed   was  h y d r o g e n a t e d  

by  p a s s i n g   t h e   LCCO  t h r o u g h   a  h y d r o g e n a t i o n   z o n e  

m a i n t a i n e d   a t   a  t e m p e r a t u r e   of  a b o u t   3710C  a n d  

2000  p s i g ,   c o m p r i s i n g   a  n i c k e l - m o l y b d e n u m   s u l f i d e d  

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

h y d r o g e n   c o n t e n t   of  t he   LCCO  f r a c t i o n   f rom  1 0 . 5 1   w t .  

%  h y d r o g e n   to   1 2 . 1 0   w t .   %  h y d r o g e n .   The  a v e r a g e  
r e s i d e n c e   t i m e   of  t h e   LCCO  in  t he   h y d r o g e n a t i o n   z o n e  

was  a b o u t   180  m i n u t e s .   In  t he   t h i r d   t e s t ,   t h e   LCCO 

f r a c t i o n   of   t h e   f e e d   was  no t   h y d r o g e n a t e d ,   b u t   t h e  

c a t a l y s t   was  p a s s i v a t e d   by  s u b j e c t i n g   the   c a t a l y s t   t o  

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

d e s c r i b e d .   In  t he   f o u r t h   t e s t   the   LCCO  f r a c t i o n   o f  



t h e   f e e d   was  h y d r o g e n a t e d   as  in  t e s t   2,  and  t h e  

c a t a l y s t   was  p a s s i v a t e d   as  in  t e s t   3.  I t   may  be  s e e n  

t h a t   the   coke  make  in  t e s t   4  was  s u b s t a n t i a l l y   l o w e r  

t h a n   t h a t   in  t e s t s   1,  2  or  3,  t h u s   d e m o n s t r a t i n g  

t h a t   u se   of  a  h y d r o g e n   d o n o r   m a t e r i a l   in  t h e   f e e d  

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

make  more  t h a n   e i t h e r   p r o c e s s   a l o n e .  

A l t h o u g h   t h e   s u b j e c t   p r o c e s s   h a s   b e e n  

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

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

m o d i f i c a t i o n .   Any  v a r i a t i o n s ,   u s e s   or  a d a p t a t i o n s   o f  



t h e   i n v e n t i o n   f o l l o w i n g ,   in  g e n e r a l ,   t h e   p r i n c i p l e s  
of  t h e   i n v e n t i o n   a r e   i n t e n d e d   to  be  c o v e r e d ,   i n c l u d -  

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

as  come  w i t h i n   known  or  c u s t o m a r y   p r a c t i c e   in  the   a r t  

to  w h i c h   t h e   i n v e n t i o n   p e r t a i n s   and  as  may  be  a p p l i e d  

to  t h e   e s s e n t i a l   f e a t u r e s   h e r e i n b e f o r e   s e t   f o r t h ,   a n d  

as  f a l l   w i t h i n   t he   s c o p e   of  the   i n v e n t i o n .  

In  th i s   p a t e n t   s p e c i f i c a t i o n ,   "ps i"   d e s i g n a t e s   "pounds  p e r  

square  inch"  and  is  conver t ed   to  the  e q u i v a l e n t   p r e s s u r e   i n  

kg/cm2  by  m u l t i p l y i n g   by  0 .07031.   "SCF"  d e s i g n a t e s   " s t a n d a r d  

cubic  f e e t " ,   and  is  conver t ed   to  l i t r e s   by  m u l t i p l y i n g   by  2 8 . 3 1 6 .  

V e l o c i t i e s   in  " f e e t / s e c "   are  conver ted   to  cms/sec  by 

m u l t i p l y i n g   by  30.48,   and  weights   expressed   in  " tons"   are  c o n v e r t e d  

to  tonnes   by  m u l t i p l y i n g   by  0 . 9 0 7 2 .  

Tempera tures   in  °F  are  conver ted   to  °C  by  s u b t r a c t i n g   32  and 

then  d i v i d i n g   by  1 . 8 .  



1.  A  method  of  r educ ing   the  r a te   of  coke  p r o d u c t i o n   from  a 

hydrocarbon   f e e d s t o c k   (16)  which  is  cracked  to  lower  mo lecu la r   w e i g h t  

p roduc t s   (52)  by  con tac t   (10)  with  a  c rack ing   c a t a l y s t   where  the  f e e d s t o c k  

con ta in s   at  l e a s t   two  metals   s e l e c t e d   from  n i c k e l ,   vanadium  and  iron  and 

where  at  l e a s t   some  of  the  said  metals   b e c o m e  d e p o s i t e d   on  the  c a t a l y s t  

as  con t aminan t s   and  where  the  c a t a l y s t   is  p e r i o d i c a l l y   s u b j e c t e d   to  a 

r e g e n e r a t i o n   t r e a t m e n t   (26)  in  the  absence  of  hydrocarbon   f e e d s t o c k ,  

c h a r a c t e r i z e d   in  that   a f t e r   the  r e g e n e r a t i o n   t r e a t m e n t   (26)  and  b e f o r e  

con tac t   (10)  with  hydrocarbon   f e e d s t o c k   (16),  the  c a t a l y s t   is  s u b j e c t e d  

to  a  r e d u c t i o n   t r e a t m e n t   (70)  at  an  e l e v a t e d   t e m p e r a t u r e   for  a  t ime  

which  is  s u f f i c i e n t   to  at  l e a s t   p a r t i a l l y   p a s s i v a t e   the  metal  c o n t a m i n a n t s  

on  the  c a t a l y s t .  

2.  The  method  of  claim  1  in  which  the  r e d u c t i o n   t r e a t m e n t   (70)  i s  

performed  at  a  t e m p e r a t u r e   above  600oC. 

3.  The  method  of  e i t h e r   claim  1  or  claim  2  in  which  at  l e a s t   50 

weight  p e r c e n t   of  the  t o t a l   of  said  metal  con taminan t s   d e p o s i t e d   on  t h e  

c a t a l y s t   comprises   only  one  of  said  metal  c o n t a m i n a n t s .  

4.  The  method  of  any one  of  claims  1  to  3  compr i s ing   the  s t e p s  

o f :  

(a)  mon i to r ing   the  compos i t ion   of  the  metal  c o n t a m i n a n t  

d e p o s i t e d   on  the  c a t a l y s t ;   and 

(b)  adding  an  e f f e c t i v e   amount  of  one  of  said  metal   c o n t a m i n a n t s  

not  p r e s e n t   a s  t h e   major  contaminant   on  the  c a t a l y s t .  

5.  The  method  of  any one  of  claims  1  to  4  in  which  the  c a t a l y s t  

is  s u b j e c t e d   to  the  r e d u c t i o n   t r e a t m e n t   (70)  for  a  time  or  an  a v e r a g e  

time  in  the  range  of  from  10  to  240  m i n u t e s .  



6.  The  method  of  any one  of  claims  1  to  5  in  which  the  c o n t a c t i n g  

(10)  of  the  hyd roca rbon   f e e d s t o c k   with  the  c r a c k i n g   c a t a l y s t   is  e f f e c t e d  

in  the  p resence   of  added  hydrogen  donor  m a t e r i a l   (92)  whereby  at  l e a s t   a  

p o r t i o n   of  the  hydrogen  donor  m a t e r i a l   t r a n s f e r s   hydrogen  to  the  h y d r o c a r b o n  

f e e d s t o c k   and/or   to  c racked  lower  mo lecu la r   weight   p r o d u c t s .  

7.  The  method  of  claim  6  in  which  the  added  hydrogen  donor  m a t e r i a l  

(92)  has  a  b o i l i n g   po in t   in  the  range  between  200°C  and  500°C.  

8.  The  method  of  claim  6  or  claim  7  in  which  the  hydrogen  dono r  

m a t e r i a l   is  ob t a ined   b y :  

(a)  f r a c t i o n a t i n g   (100)  the  c racked  lower  molecu la r   w e i g h t  

p roduc t s   (52);  and 

(b)  at  l e a s t   p a r t i a l l y   h y d r o g e n a t i n g   (110)  the  f r a c t i o n a t e d  

produc t   ( 1 0 6 ) .  

9.  The  method  of  any one  of  c laims  6,  7  or  8  in  which  the  added  

hydrogen  donor  m a t e r i a l   (92)  comprises   from  5  to  100  wt.%  of  the  h y d r o c a r b o n  

f e e d s t o c k   to  be  c r a c k e d .  

10.  The  method  of  any one  of  claims  1  to  9  in  which  there   is  added  

a  p a s s i v a t i o n   agent  s e l e c t e d   from  antimony,   t i n ,   bismuth  and  manganese  

to  f u r t h e r   p a s s i v a t e   the  c a t a l y s t .  
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