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Technica l   F i e ld  

This  i nven t ion   re la tes   to  p r o d u c i n g   a  more  su i tab le   g rade   of  oil 

feed  mater ia l   from  the  bottom  of  the  ba r r e l   hav ing   lowered  m e t a l s  

and  C o n r a d s o n   carbon  values   for  use  as  f e e d s t o c k   in  a  r e d u c e d  

c rude   c o n v e r s i o n   (RCC)  p roce s s   or  a  p r e s e n t   day  modern   F C C  

p r o c e s s .   A  high  boiling  por t ion  of  c rude   oil  compr i s ing   a  p o o r  

grade   of  ca rbo-meta l l i c   oil  componen t s   having  high  metals  a n d  

C o n r a d s o n   carbon   values  is  c o n v e r t e d   accord ing   to  this  i n v e n t i o n  

to  a  lower  metals  con ta in ing   feed  su i tab le   for  an  RCC  p r o c e s s .  
More  p a r t i c u l a r l y ,   this  inven t ion   is  re la ted   to  the  p r e p a r a t i o n   a n d  

use  of  a  solid  p a r t i c u l a t e   s o r b e n t   material   with  and  wi thou t   m e t a l  

a d d i t i v e s   p r o v i d e d   to  p a r t i c u l a r l y   immobilize  vanad ium  c o m p o u n d s  

depos i t ed   on  the  so rben t   p a r t i c u l a t e   d u r i n g   t r e a t m e n t   of  the  m e t a l s  

con ta in ing   oil  feed.  The  metal  add i t ive   for  vanad ium  immobi l i za t i on  

may  be  added  du r ing   s o r b e n t   m a n u f a c t u r e   by  i m p r e g n a t i o n   of  t h e  

virgin  s o r b e n t ,   or  at  any  point   in  the  s o r b e n t   h y d r o c a r b o n   c o n t a c t  

and  r e g e n e r a t i o n   cycle  for  t r e a t m e n t   of  the  oil  f e e d .  

This  appl ica t ion   is  a  con t inua t ion   in  pa r t   of  app l i ca t ion   ( R I  

6124),  serial  number   277,752  filed  March  19,  1981,  and  is 

p a r t i c u l a r l y   c o n c e r n e d   with  i m p r o v e m e n t s   in  so rben t   m a t e r i a l  

iden t i f ied   and  its  use  in  demeta l l i z ing   and  d e c a r b o n i z i n g   r e d u c e d  

crude   con t a in ing   m a t e r i a l s .  

B a c k g r o u n d   of  the  I n v e n t i o n  

A  major  b r e a k t h r o u g h   in  FCC  ca t a ly s t s   and  method  of  use  came 

in  the  early  1960's  with  the  i n t r o d u c t i o n   of  molecular   s ieves   o r  

zeol i tes .   These   mater ials   were  i n c o r p o r a t e d   into  the  mat r ix   of  

amorphous   a n d / o r   a m o r p h o u s / k a o l i n   mater ia ls   c o n s t i t u t i n g   the  F C C  

ca t a ly s t s   of  that   time.  These   new  zeolitic  c a t a l y s t s ,   c o n t a i n i n g   a 



c rys ta l l ine   a luminos i l i ca te   zeolite  in  an  a m o r p h o u s   o r  

a m o r p h o u s / k a o l i n   mat r ix   of  si l ica,   a lumina,   s i l i ca -a lumina ,   k a o l i n ,  

clay  or  the  like,  were  at  least   1 ,000-10 ,000   times  more  ac t ive   f o r  

c r ack ing   h y d r o c a r b o n s   than   the  ear l ier   a m o r p h o u s   o r  

a m o r p h o u s / k a o l i n   con t a in ing   s i l i ca -a lumina   c a t a l y s t s .   T h i s  

i n t r o d u c t i o n   of  zeolitic  c r a c k i n g   c a t a l y s t s   r e v o l u t i o n i z e d   the  f l u i d  

catalyt ic   c r ack ing   p r o c e s s .   New  i nnova t ions   were  d e v e l o p e d   to  

handle   these   high  a c t i v i t i e s ,   such  as  r i se r   c r a c k i n g ,   s h o r t e n e d  

contact   t imes,  new  r e g e n e r a t i o n   p r o c e s s e s ,   new  improved   zeo l i t i c  

ca ta lys t   d e v e l o p m e n t s ,   and  the  l i k e .  

The  new  c a t a l y s t   d e v e l o p m e n t s   r evo lved   a r o u n d   t h e  

deve lopment   of  va r ious   zeol i tes   such  as  s y n t h e t i c   t ypes   X  and  Y 

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

( h y d r o t h e r m a l )   s t ab i l i t y   of  zeoli tes  t h r o u g h   the  inc lus ion   of  r a r e  

ear th   ions  or  ammonium  ions  via  i o n - e x c h a n g e   t e c h n i q u e s ;   and  t h e  

deve lopment   of  more  a t t r i t i on   r e s i s t a n t   mat r ices   for  s u p p o r t i n g   t h e  

z e o l i t e s .  

These  zeolitic  c a t a l y s t   d e v e l o p m e n t s   gave  the  p e t r o l e u m  

i n d u s t r y   the  capab i l i ty   of  g rea t ly   i n c r e a s i n g   t h r o u g h p u t   of  

f eeds tock   with  i n c r e a s e d   c o n v e r s i o n   and  se lec t iv i ty   while  e m p l o y i n g  

the  same  uni ts   wi thout   e x p a n s i o n   and  wi thout   r e q u i r i n g   new  u n i t  

c o n s t r u c t i o n .  

After  the  i n t r o d u c t i o n   of  zeolite  con ta in ing   c a t a l y s t s ,   t h e  

pe t ro leum  i n d u s t r y   began   to  su f f e r   from  a  lack  of  c rude   a v a i l a b i l i t y  

as  to  q u a n t i t y   and  qua l i ty   accompan ied   by  i n c r e a s i n g   demand  f o r  

gasoline  with  i n c r e a s i n g   octane  va lues .   The  world  c rude   s u p p l y  

p ic tu re   changed   d r ama t i ca l l y   in  the  late  1960's  and  1970's.   From  a 

su rp lu s   of  l ight ,   sweet   c r u d e s ,   the  supp ly   s i tua t ion   c h a n g e d   to  a 

t i gh te r   supply   with  an  ever   i n c r e a s i n g   amount  of  h e a v i e r   c r u d e s  

with  h igher   su l fu r   c o n t e n t s .   These   heav ie r   and  h i g h e r   s u l f u r  



c r u d e s   p r e s e n t e d   p r o c e s s i n g   p rob lems   to  the  pe t ro leum  r e f i ne r   in  

tha t   these   heav ie r   c rudes   i n v a r i a b l y   also  con ta ined   much  h i g h e r  

metals  and  C o n r a d s o n   ca rbon   va lues ,   with  a c c o m p a n y i n g  

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

The  effects   of  heavy  metal  and  C o n r a d s o n   carbon  on  a  z e o l i t e  

con t a in ing   FCC  ca t a lys t   have  been  d e s c r i b e d   in  the  l i t e r a t u r e   as  t o  

the i r   h ighly   u n f a v o r a b l e   effect   in  lowering  ca t a lys t   ac t iv i ty   a n d  

se l ec t i v i t y   for  gasoline  p r o d u c t i o n   and  the i r   equal ly  harmful  e f f e c t  

on  c a t a ly s t   l i f e .  

Metal  con ten t   and  C o n r a d s o n   ca rbon   are  two  very  e f f e c t i v e  

r e s t r a i n t s   on  the  opera t ion   of  a  FCC  uni t   and  impose  r e s t r a i n t s   on 

a  R e d u c e d   Crude   C o n v e r s i o n   (RCC)  unit   from  the  s t a n d p o i n t   o f  

ob t a in ing   maximum  c o n v e r s i o n ,   s e l ec t iv i ty   and  ca ta lys t   l i f e .  

Re la t ive ly   high  levels  of  t hese   c o n t a m i n a n t s   are  h ighly   d e t r i m e n t a l  

to  a  ca ta ly t ic   conve r s ion   p r o c e s s .   As  metals  and  Con radson   c a r b o n  

levels  are  i n c r e a s e d   still  f u r t h e r   by  avai lable   c rude   oils,  t h e  

o p e r a t i n g   capaci ty   and  e f f ic iency   of  a  RCC  uni t   and  espec ia l ly   a 

FCC  unit  are  a d v e r s e l y   a f f ec t ed   or  even  made  uneconomical .   T h e s e  

a d v e r s e   effects   occur   even  t hough   there   is  enough   h y d r o g e n   in  t h e  

feed  to  p roduce   an  ideal  gasol ine   cons i s t i ng   of  a  mixture   of  o n l y  

toluene  and  isomeric  p e n t e n e s   ( a s suming   a  c a t a ly s t   with  such  i dea l  

s e l ec t i v i t y   could  be  d e v i s e d ) .  

The  effect  of  i n c r e a s e d   C o n r a d s o n   ca rbon   is  to  i nc rease   t h a t  

por t ion   of  the  f e e d s t o c k   c o n v e r t e d   to  coke  depos i t ed   on  t h e  

c a t a l y s t .   In  typical   gas  oil  c r a c k i n g   o p e r a t i o n s   employing  a  

c r y s t a l l i n e   zeolite  con ta in ing   c a t a l y s t   in  an  FCC  uni t ,   the  amount   o f  

coke  depos i t ed   on  the  c a t a l y s t   a v e r a g e s   about   4-5  wt%  of  the  f e e d .  

This  coke  p r o d u c t i o n   has  been  a t t r i b u t e d   to  four  d i f f e r e n t   c o k i n g  

m e c h a n i s m s ,   namely,   c o n t a m i n a n t   coke  from  a d v e r s e   r e a c t i o n s  

caused   by  metal  d e p o s i t s ,   ca ta ly t ic   coke  caused  by  acid  s i t e  



c r a c k i n g ,   e n t r a i n e d   h y d r o c a r b o n s   r e s u l t i n g   from  pore  s t r u c t u r e  

a d s o r p t i o n   a n d / o r   poor  s t r i p p i n g ,   and  C o n r a d s o n   ca rbon   r e s u l t i n g  

from  py ro ly t i c   d i s t i l l a t ion   of  h y d r o c a r b o n s   in  the  c o n v e r s i o n   z o n e .  

The re   has  also  been  p o s t u l a t e d   two  o ther   sou rce s   of  coke  p r e s e n t   in  

r e d u c e d   c r u d e s   in  add i t ion   to  the  four  above  i den t i f i ed .   They  a r e :  

(1)  a d s o r b e d   and  a b s o r b e d   high  boiling  h y d r o c a r b o n s   which  do  n o t  

vapor ize   and  cannot   be  removed  by  normally  ef f ic ient   s t r i p p i n g ,   a n d  

(2)  high  molecular   we igh t   n i t r ogen   con ta in ing   h y d r o c a r b o n  

compounds   a d s o r b e d   on  the  c a t a l y s t ' s   acid  s i tes .   Both  of  these  two  

types   of  coke  p r o d u c i n g   phenomena   add  g r e a t l y   to  the  complexi ty   of 

res id   oil  p r o c e s s i n g .   T h e r e f o r e ,   in  the  p r o c e s s i n g   of  the  h i g h e r  

boiling  f r ac t i ons   or  p o r t i o n s   of  c rude   oil,  e . g . ,   r e d u c e d   c r u d e s ,  

r e s idua l   f r a c t i o n s ,   topped   c r u d e ,   and  the  like,  the  coke  p r o d u c t i o n  

based  on  feed  is  the  summat ion  of  the  four   types   p r e s e n t   in  gas  oil 

p r o c e s s i n g ,   plus  coke  from  the  h i g h e r   boiling  u n v a p o r i z a b l e  

h y d r o c a r b o n s   and  coke  a s s o c i a t e d   with  the  high  boiling  n i t r o g e n  

con ta in ing   molecules  which  are  a d s o r b e d   on  the  c a t a l y s t .   C o k e  

p r o d u c t i o n   on  clean  c a t a l y s t ,   when  p r o c e s s i n g   r e d u c e d   c r u d e s ,   m a y  
be  es t imated   as  a p p r o x i m a t e l y   4  wt%  of  the  feed  plus  the  C o n r a d s o n  

ca rbon   value  of  the  heavy   f e e d s t o c k ,   plus  an  add i t iona l   c o r r e c t i o n  

factor   re la ted   to  %  of  feed  boiling  above  1050°F  and %  n i t rogen   in  

the  f e e d .  

The  coked  c a t a l y s t   is  b r o u g h t   back  to  equ i l ib r ium  ac t iv i ty   b y  

b u r n i n g   off  the  d e a c t i v a t i n g   coke  in  a  r e g e n e r a t i o n   zone  in  t h e  

p r e s e n c e   of  air,  and  the  r e g e n e r a t e d   c a t a l y s t   is  r e c y c l e d   back  t o  

the  reac t ion   zone.  The  heat   g e n e r a t e d   d u r i n g   r e g e n e r a t i o n   i s  

removed  in  par t   by  the  c a t a ly s t   and  c a r r i ed   to  the  r eac t ion   zone  f o r  

vapo r i za t i on   of  the  feed  and  to  p rov ide   heat   for  the  e n d o t h e r m i c  

c r a c k i n g   r eac t ion .   The  t e m p e r a t u r e   in  the  r e g e n e r a t o r   is  n o r m a l l y  

limited  because   of  me ta l lu rg ica l   l imitat ions  and  the  h y d r o t h e r m a l  

s tab i l i ty   of  the  c a t a l y s t .  



The  h y d r o t h e r m a l   s tab i l i ty   of  a  c r y s t a l l i n e   zeolite  c o n t a i n i n g  

c a t a l y s t   is  d e t e r m i n e d   by  the  t e m p e r a t u r e   and  steam  p a r t i a l  

p r e s s u r e   at  which  the  c ry s t a l l i ne   zeolite  beg ins   to  r ap id ly   lose  i t s  

c r y s t a l l i n e   s t r u c t u r e   and  to  yield  a  lower  ac t iv i ty   a m o r p h o u s  

mater ia l .   The  p r e s e n c e   of  steam  in  high  t e m p e r a t u r e   o p e r a t i n g  

modes  is  h ighly   cr i t ical   and  is  g e n e r a t e d   by  the  b u r n i n g   of 

a d s o r b e d   and  a b s o r b e d   ( s o r b e d )   c a r b o n a c e o u s   material   which  has  a 

s ign i f i can t   h y d r o g e n   conten t   ( h y d r o g e n   to  carbon   atomic  r a t i o s  

gene ra l ly   g r e a t e r   than  about   0 . 5 ) .   This  c a r b o n a c e o u s   mater ial   is 

p r inc ipa l ly   the  high  boiling  so rbed   h y d r o c a r b o n s   with  boiling  p o i n t s  

as  high  as  1500-1700°F  or  above  tha t   have  a  modest   h y d r o g e n  

con ten t   and  the  high  boiling  high  molecular   weight   n i t r o g e n  

con ta in ing   h y d r o c a r b o n s ,   as  well  as  r e la ted   p o r p h y r i n s   a n d  

a s p h a l t e n e s .   The  high  molecular   we igh t   n i t r o g e n   compounds   u s u a l l y  

boil  above  1025°F  and  may  be  e i the r   bas ic ,   acidic  or  n e u t r a l   in  

n a t u r e .   The  basic  n i t rogen   compounds   may  n e u t r a l i z e   acid  s i t e s  

while  those  tha t   are  more  acidic  may  be  a t t r a c t e d   to  metal  si tes  on  

the  ca ta lys t .   The  p o r p h y r i n s   and  a s p h a l t e n e s   also  gene ra l l y   boil 

above  1025°F  and  may  contain  e lements   o ther   than  carbon   a n d  

h y d r o g e n .   As  used  in  this  s p e c i f i c a t i o n ,   the  term  " h e a v y  

h y d r o c a r b o n s "   inc ludes   all  ca rbon   and  h y d r o g e n   c o n t a i n i n g  

compounds   tha t   do  not  boil  below  about   1025°F,  r e g a r d l e s s   o f  

w h e t h e r   o ther   e lements   are  also  p r e s e n t   in  the  c o m p o u n d .  

The  heavy   metals  in  the  feed  are  genera l ly   p r e s e n t   a s  

p o r p h y r i n s   a n d / o r   a s p h a l t e n e s .   However ,   ce r ta in   of  these   m e t a l s ,  

p a r t i c u l a r l y   iron  and  coppe r ,   may  be  p r e s e n t   as  the  free  metal  o r  

as  inorgan ic   compounds   r e s u l t i n g   from  e i ther   co r ros ion   of  p r o c e s s  

equ ipmen t   or  c o n t a m i n a n t s   from  o the r   r e f i n i n g   p r o c e s s e s .  

As  the  C o n r a d s o n   carbon  value  of  the  f e e d s t o c k   i n c r e a s e s ,  

coke  p r o d u c t i o n   i nc r ea se s   and  this  i n c r e a s e d   load  will  raise  t h e  

r e g e n e r a t i o n   t e m p e r a t u r e ;   thus   the  uni t   may  be  limited  as  to  t h e  



amount   of  feed  that   can  be  p r o c e s s e d   b e c a u s e   of  its  C o n r a d s o n  

ca rbon   c o n t e n t .   A  new  deve lopmen t   in  r e d u c e d   c rude   p r o c e s s i n g   a s  

d e s c r i b e d   in  pend ing   U.S.   app l i ca t ions   r e f e r e n c e d   below,  c a n  

o p e r a t e   at  r e g e n e r a t o r   t e m p e r a t u r e s   in  the  r a n g e   of  1350  up  t o  

1600°F.  But  even  these   h ighe r   r e g e n e r a t o r   t e m p e r a t u r e s   place  a 

limit  on  the  Con radson   carbon  value  of  the  feed  at  a p p r o x i m a t e l y   8 ,  

which  y ie lds   about   12-13  wt%  coke  on  the  c a t a l y s t   based   on  t h e  

we igh t   of  the  feed.  This  level  is  con t ro l l ing   un les s   c o n s i d e r a b l e  

water   is  i n t r o d u c e d   to  f u r t h e r   control   t e m p e r a t u r e .  

The  metal  con ta in ing   f r ac t i ons   of  r e d u c e d   c r u d e s   c o n t a i n  

N i - V - F e - C u   in  the  form  of  p o r p h y r i n s   and  a s p h a l t e n e s .   T h e s e  

metal  con t a in ing   h y d r o c a r b o n s   are  depos i t ed   on  the  c a t a ly s t   d u r i n g  

p r o c e s s i n g   and  are  c r acked   to  some  ex ten t   to  depos i t   the  metal  on  

the  c a t a l y s t   or  are  ca r r i ed   over   by  the  coked  c a t a l y s t   as  t h e  

m e t a l l o - p o r p h y r i n   or  a s p h a l t e n e   and  c o n v e r t e d   by  b u r n i n g   to  t h e  

metal  oxide  d u r i n g   r e g e n e r a t i o n .   The  a d v e r s e   e f fec t s   of  t h e s e  

metals  as  t a u g h t   in  the  l i t e r a t u r e   are  to  cause   n o n - s e l e c t i v e   o r  

d e g r a d a t i v e   c r ack ing   and  d e h y d r o g e n a t i o n   to  p r o d u c e   i n c r e a s e d  

amounts   of  coke  and  l ight   gases   such  as  h y d r o g e n ,   methane   a n d  

e t h a n e .   These   mechanisms  a d v e r s e l y   affect   s e l e c t i v i t y ,   r e s u l t i n g   in  

poor  y ie lds   and  qual i ty   of  gasol ine   and  l ight   cycle  oil.  T h e  

i n c r e a s e d   p r o d u c t i o n   of  l ight  g a s e s ,   while  impai r ing   the  yield  a n d  

s e l e c t i v i t y   also  have  an  u n d e s i r a b l e   effect   on  the  gas  c o m p r e s s o r  

c a p a c i t y .   The  inc rease   in  coke  p r o d u c t i o n ,   in  add i t ion   to  i t s  

n e g a t i v e   impact  on  yield,   also  a d v e r s e l y   a f fec t s   c a t a l y s t  

a c t i v i t y - s e l e c t i v i t y ,   g rea t ly   i n c r e a s e s   r e g e n e r a t o r   air  demand  a n d  

c o m p r e s s o r   capac i ty ,   and  may  r e s u l t   in  u n c o n t r o l l a b l e   a n d / o r  

d a n g e r o u s   r e g e n e r a t o r   t e m p e r a t u r e s .  

These   problems  of  the  pr ior   art   have  been  g r e a t l y   minimized 

by  the  d e v e l o p m e n t   of  a  new  p roces s   which  can  hand le   r e d u c e d  

c r u d e s   or  c rude   oils  con ta in ing   high  metals  and  C o n r a d s o n   c a r b o n  



values   p r e v i o u s l y   not  a c c e p t a b l e   for  d i rec t   FCC  p r o c e s s i n g .  

Normally,   the  less  d e s i r a b l e   c r u d e s   r e q u i r e   expens ive   v a c u u m  

dis t i l la t ion   and  o ther   t r e a t m e n t s   to  isolate  sui table   metals  f r e e  

f e e d s t o c k s   and  p roduce   as  a  b y - p r o d u c t ,   su l fu r   con ta in ing   v a c u u m  

still  bo t toms.   However ,   ce r t a in   c rude   oils  such  as  Mexican  M a y a n  

or  Venezue l an   c rude   oils  contain   abnormal ly   high  metals  a n d  

C o n r a d s o n   carbon   va lues .   If  these   poor  g rades   of  c rude   a r e  

p r o c e s s e d   d i rec t ly   in  a  ca ta ly t i c   c r a c k i n g   p r o c e s s ,   they  will  lead  t o  

an  uneconomical   opera t ion   b e c a u s e   of  the  high  b u r n i n g   load  i m p o s e d  

on  the  r e g e n e r a t o r   to  remove  c a r b o n a c e o u s   depos i t s   c a t a l y s t  

deac t iva t ion   by  metals  and  a  high  c a t a l y s t   addi t ion  rate   r e q u i r e d   t o  

maintain  c a t a ly s t   ac t iv i ty   and  s e l e c t i v i t y .   The  addi t ion  rate   can  b e  

as  high  as  4-8  l b s . / b b l .   or  more  which  at  today 's   c a t a lys t   p r i c e s ,  

can  add  as  much  as  $ 2 - 8 / b b l .   of  addi t iona l   ca ta lys t   cost  to  t h e  

p r o c e s s i n g   economics .   It  is  thus   d e s i r a b l e   to  develop  and  i d e n t i f y  

and  economical  means  or  p r o c e s s i n g   more  of  the  poor  grade   c r u d e s  

oils,  such  as  a  Mexican  Mayan,   b e c a u s e   of  their   ava i lab i l i ty   a n d  

re la t ive   cost  as  compared  to  Middle  East  c r u d e s .  

The  l i t e r a t u r e   s u g g e s t s   many  p r o c e s s e s   for  the  r e d u c t i o n   o f  

the  metals  con t en t   and  C o n r a d s o n   ca rbon   values  of  r e d u c e d   c r u d e s  

and  other   con tamina ted   oil  f r a c t i o n s .   One  such  p rocess   is  t h a t  

d e s c r i b e d   in  U.S.   Pa tent   4 ,243 ,514   and  German  Patent   No.  29  04 

230  a s s igned   to  E n g e l h a r d   Minerals   and  Chemicals ,   I n c . ,   w h i c h  

pa t en t s   are  i n c o r p o r a t e d   he re in   be  r e f e r e n c e .   Bas ica l ly ,   t h e s e  

pr ior   art   p r o c e s s e s   involve  c o n t a c t i n g   a  r e d u c e d   c rude   f r ac t ion   o r  

o ther   con tamina t ed   oil  with  s o r b e n t   mater ia l   at  e levated  t e m p e r a t u r e s  

in  a  so rb ing   zone,  such  as  a  fluid  bed,   to  p roduce   a  p r o d u c t   o f  

r e d u c e d   metal  and  r e d u c e d   C o n r a d s o n   carbon  value.  One  of  t h e  

s o r b e n t s   d e s c r i b e d   in  Pa t en t   N o .  4 , 2 4 3 , 5 1 4   is  an  inert   solid  i n i t i a l l y  

composed  of  kaolin,   which  has  been  spray   dr ied  to  y i e l d  

mic ro sphe r i ca l   pa r t i c les   hav ing   a  s u r f a c e   area  below  100  m2/g  and  a  

ca ta lyt ic   c r a c k i n g   m i c r o - a c t i v i t y   (MAT)  value  of  less  than  20  w h i c h  



material  is  s u b s e q u e n t l y   calcined  at  high  t e m p e r a t u r e   so  as  t o  

achieve  b e t t e r   a t t r i t i on   r e s i s t a n c e .   As  the  vanadia   con ten t   on  s u c h  

s o r b e n t s   i n c r e a s e s   above  5000  ppm  and  into  the  r ange   o f  

10 ,000-30 ,000   ppm,  the  s o r b e n t   beg ins   to  have  f lu id iza t ion   p r o b l e m s  

and  more  i m p o r t a n t l y ,   coking  p lugg ing   of  the  r e a c t o r   r i se r   w h i c h  

have  been  overcome  p r e v i o u s l y   by  removal  of  most  of  the  s p e n t  
s o r b e n t   i n v e n t o r y   and  add i t ion   of  f r e sh   v i rg in   material   in  p l a c e  

thereof .   This  p l u g g i n g   may  r e q u i r e   s h u t t i n g   down  the  s o r b e n t  

con tac t ing   f a c i l i t y .  

D i sc losu re   of  the  I n v e n t i o n  

The  p r e s e n t   i nven t ion   is  conce rned   with  and  p rov ides   a  m e t h o d  

of  p r o d u c i n g   a  h i g h e r   g rade   of  f e eds tock   for  ca ta ly t ic   c o n v e r s i o n  

such  as  in  a  r e d u c e d   c rude   ca ta ly t ic   c o n v e r s i o n   (RCC)  p r o c e s s  

having  lowered  metals  and  C o n r a d s o n   carbon  va lues   from  a  p o o r  

grade  of  c rude   oil  or  o the r   c a rbo -me ta l l i c   con ta in ing   oil  c o m p o n e n t s  

having  ex t remely   high  metals  and  C o n r a d s o n   ca rbon   p r o d u c i n g  

v a l u e s .  

The  inven t ion   is  also  appl icable   to  p r o c e s s i n g   c rude   oils  o r  

crude  oil  f r ac t i ons   compr i s ing   s i g n i f i c a n t   levels  of  metals  a n d / o r  

C o n r a d s o n   carbon  p r o d u c i n g   componen t s   to  p rov ide   an  i m p r o v e d  

feeds tock   su i tab le   for  RCC  p r o c e s s i n g ,   or  for  use  in  a  typical   g a s  
oil  fluid  ca ta ly t ic   (FCC)   c r a c k i n g   p r o c e s s .  

Res idual   f r a c t i ons   ob ta ined   from  the  d is t i l la t ion   of  poor  q u a l i t y  

crude  oils  contain  s u b s t a n t i a l   amounts   of  metals  such  as  Ni,  V,  F e ,  

Cu,  Na  and  have  high  C o n r a d s o n   carbon   p r o d u c t i o n   m a t e r i a l s .  

There   r e s idua l   oils  are  made  more  su i t ab le   as  f e e d s t o c k s   a c c o r d i n g  

to  this  i nven t ion   for  p r o c e s s i n g   by  ca ta ly t ic   c o n v e r s i o n s   as  in  a  

r educed   c rude   c o n v e r s i o n   (RCC)  a f fec t ing   a  p r e l i m i n a r y   c o n t a c t i n g  

of  the  poor  qual i ty   high  boiling  oil  con ta in ing   r e s idua l   oil  f r a c t i o n  



with  a  solid  s o r b e n t   pa r t i c l e   material   e x h i b i t i n g   r e l a t ive ly   low  or  n o  

s i g n i f i c a n t   ca ta ly t ic   c r a c k i n g   ac t iv i ty   less  than   about   20  MATS 

u n d e r   condi t ions   of  time,  p r e s s u r e   and  t e m p e r a t u r e s   su f f i c i en t   to  

r e d u c e   the  metals  and  C o n r a d s o n   carbon   va lues   of  the  feed  w i t h i n  

more  accep tab l e   limits  for  ca ta lyt ic   c r ack ing   p r o c e s s i n g .  

It  has  been  found  for  example,   that   as  vanad ium  p e n t o x i d e  

a n d / o r   sodium  v a n a d a t e s   build  up  on  a  s o r b e n t   p a r t i c u l a t e ,   t h e  

e leva ted   t e m p e r a t u r e s   e n c o u n t e r e d   in  the  s o r b e n t   r e g e n e r a t i o n   z o n e s  

to  remove  c a r b o n a c e o u s   depos i t s   cause  s ign i f i can t   levels  of  v a n a d i a  

depos i t s   to  flow  and  form  a  liquid  coat ing  on  the  s o r b e n t   p a r t i c l e s .  

Unde r   this  condi t ion   an  i n t e r r u p t i o n   or  d e c r e a s e   in  pa r t i c le   f low 

r e s u l t   in  coa lescence   be tween   the  liquid  coated  s o r b e n t   p a r t i c l e s .  

Once  coa lescence   o c c u r s ,   f lu id iza t ion   is  i n t e r r u p t e d   and  b e c o m e s  

d i f f icu l t   to  r e i n i t i a t e .   This  condi t ion   r e s u l t s   for  example  i n  

s t o p p a g e   of  pa r t i c l e   flow  in  cyclone  d ip l egs ,   i ne f f ec t i ve   ope ra t i on   o f  

cyc lones ,   rapid  i n c r e a s e s   in  the  loss  of  the  s o r b e n t ,   and  will  f i n a l l y  

r e s u l t   with  unit  s h u t d o w n .  

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   inven t ion   is  c o n c e r n e d   w i t h  

p rov id ing   an  improved   s o r b e n t   par t ic le   material   for  use  in  a  p r o c e s s  
such  as  d e s c r i b e d   in  the  ident i f ied   copend ing   app l i ca t ion   ( R I 6 1 2 4 ) ,  

serial  number   277,752,   modified  as  here in   p r o v i d e d   and  r e f e r r e d  

here in   to  as  a  h y d r o t h e r m a l   v i s b r e a k i n g   p r o c e s s .   In  t h i s  

h y d r o v i s b r e a k i n g   o p e r a t i o n ,   it  has  been  r e c o g n i z e d   that   s i g n i f i c a n t  

economics  can  be  rea l ized   in  con junc t ion   with  improv ing   t h e  

ope ra t ion   for  metals  removal   and  d e c a r b o n i z a t i o n   of  the  feed  w h e n  

employing  s o r b e n t   p a r t i c u l a t e   material   p a r t i c u l a r l y   iden t i f i ed   h e r e i n .  

The  p r e s e n t   i nven t ion   is  thus  c o n c e r n e d   with  an  improved   s o r b e n t  

p a r t i c u l a t e   material   c h a r a c t e r i z a t i o n ,   its  method  of  p r e p a r a t i o n   a n d  

method  of  use  in  a  h y d r o t h e r m a l   v i s b r e a k i n g   o p e r a t i o n   in  t h e  

absence   of  added  molecular   h y d r o g e n .  



The  improved   solid  s o r b e n t   p a r t i c u l a t e   mater ia l   of  t h i s  

inven t ion ,   p a r t i c u l a r l y   compr i ses   a  high  pore  volume  clay  t y p e  
material  composi t ion   of  at  least   0.4  cc  per  gram  ( c c / g )   pore  v o l u m e  

used  with  or  w i thou t   one  or  more  metal  a d d i t i v e   molecules  f o r  

immobilizing  l iqu id ized   v a n a d i a ,   said  composi t ion  p r o v i d i n g   g r e a t e r  
ab so rbence   c h a r a c t e r i s t i c s   for  heavy  oil  c o m p o n e n t s   and  g r e a t e r  
sorbent   s t ab i l i t y   at  the  t e m p e r a t u r e   cond i t ions   employed  up  t o  

16000F.  In  yet  a n o t h e r   a s p e c t ,   the  improved   s o r b e n t   material   is  o f  

a  pore  size  and  volume  which  readi ly  a b s o r b s   high  levels  of  me ta l  

deposi ts   and  high  boiling  components   of  the  r e s i d u a l   oil  feed  w i t h i n  

its  pores  in  p r e f e r e n c e   to  s u r f a c e   depos i t ion   c o n t r i b u t i n g   to  p a r t i c l e  

agg lomera t ion .   Sur face   depos i t ion   of  metals ,   p a r t i c u l a r l y   v a n a d i a ,  

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

by  b locking   pore  o p e n i n g s   and  caus ing   coa l e scence   of  p a r t i c l e s   a s  

herein  d e s c r i b e d .   Thus   the  improved  high  pore  volume  mater ial   o f  

this  i n v e n t i o n ,   allows  more  con tamina t ing   metal  c o m p o n e n t s   such  a s  

vanadium  and  a s p h a l t e n e s   to  be  a b s o r b e d   within  the  s o r b e n t   p o r e s  
ra ther   than   collect  on  the  par t ic le   ou te r   s u r f a c e .   The  use  of  t h e  

high  pore   volume  s o r b e n t   material  c o n s i d e r a b l y   r e d u c e s   t h e  

t endency   for  pa r t i c le   coa lescence   due  to  high  metals  bond ing   a s  

obse rved   with  low  pore  volume  s o r b e n t   mate r ia l .   F u r t h e r m o r e ,  

re la t ively  large  volumes  of  the  heavy  bot toms  boi l ing  above  1025°F 

result   in  pa r t i c l e   coat ing  of  low  pore  volume  mater ia l   with  a  t a c k y  

asphal t ic   mater ia l   which  also  fac i l i ta tes   coa l e scence   of  p a r t i c l e s ,  

resu l t ing   in  p l u g g i n g   and  coking  within  a  r i s e r   r e a c t o r   and  p r o d u c t  

s epa ra to r   l ines.   Howeve r ,   by  employing  the  l a r g e r   pore  v o l u m e  

material  in  con junc t i on   with  r e s t r i c t i n g   the  volume  of  the  p o r e s  

occupied  by  the  heavy   oil  feed  as  here in   p r o v i d e d ,   the  loading  f o r  

asphal t ic   mater ia l   to  cause   par t ic le   coa le scence   is  c o n s i d e r a b l y  

reduced  over   and  e x t e n d e d   o p e r a t i n g   p e r i o d .  

The  abil i ty  of  a  r e d u c e d   crude  c r a c k i n g   p r o c e s s   to  h a n d l e  

crude  oil  is  limited  by  its  C o n r a d s o n   carbon  c h a r a c t e r i s t i c s   a n d  



p a r t i c u l a r l y   by  the  c o n c e n t r a t i o n   of  metal  c o n t a m i n a n t s   in  the  f e e d  

and  more  p a r t i c u l a r l y   by  the  c o n c e n t r a t i o n   of  vanad ia   in  the  h i g h  

boiling  por t ion   of  the  c r u d e   oil  being  p r o c e s s e s .   In  this  r e g a r d ,   i t  

is  g e n e r a l l y   r e c o g n i z e d   p r io r   to  this  inven t ion   that   an  u p p e r   l imit  

for  the  oil  feed  to  an  RCC  unit   is  a ssoc ia ted   with  a  C o n r a d s o n  

carbon  of  about   8%  and  a  total  metals  con ten t   c o n s i d e r a b l y   be low 

about   50  ppm  Ni  +  V.  Thus   in  order   to  p r o c e s s   c rude   oi ls  

compr i s ing   high  metals  level,   g r e a t e r   than  100  ppm  Ni  +  V  and  a 

C o n r a d s o n   carbon   value  about   8%  such  as  found  in  Mexican  Mayan  
c rude   oil  (17%  C o n r a d s o n   c a rbon   and  total  metals  of  400  ppm) ,   a n  
ef f ic ient   as  well  as  an  economic  metals  removal  s y s t e m  -   C o n r a d s o n  

carbon   r e d u c t i o n   sys tem  is  r e q u i r e d   ups t r eam  or  in  f ron t   of  a  

ca ta ly t ic   c r ack ing   (FCC)   or  a  r e d u c e d   crude  c r a c k i n g   ( R C C )  

o p e r a t i o n .  

In  a  known  p r io r   a r t   metals  removal  sys tem,   a  s o r b e n t   m a t e r i a l  

of  low  ca ta ly t ic   a c t i v i t y   is  used  to  abso rb   a  po r t ion   of  t h e  

C o n r a d s o n   carbon   and  metals  on  its  s u r f a c e .   In  this  o p e r a t i o n ,   t h e  

s o r b e n t   su r f ace   area  is  low,  about   25  m2/g  or  less  and  i t s  

c o r r e s p o n d i n g   pore  volume  is  also  low,  a p p r o x i m a t e l y   abou t   0.2  c c / g  

or  less.   An  equ i l ib r ium  s o r b e n t   of  these  c h a r a c t e r i s t i c s   has  a n  

even  much  lower  pore  volume  of  about   0.15  cc/g  and  l ess ,   down  to  

about   0.10  cc/g   or  even  lower  0.06  cc /g .   When  us ing   a  s o r b e n t  

material   of  these   c h a r a c t e r i s t i c s   to  p rov ide   solids  to  oil  rat io  in  t h e  

range   of  6-8,  it  is  qui te   a p p a r e n t   that   the  a b s o r p t i o n   power   of  t h e  

s o r b e n t   p a r t i c u l a t e   is  less  than   the  volume  of  feed  being  p r o c e s s e d .  

Thus  the  rapid   d e p o s i t i o n   of  h y d r o c a r b o n a c e o u s   ma te r i a l ,   me ta l  

c o n t a m i n a n t s   and  tacky   a s p h a l t i c   material   on  a  s o r b e n t   pa r t i c l e   o f  

such  limited  c h a r a c t e r i s t i c s   can  rap id ly   cause  pore  p l u g g i n g   a n d  

e x c e s s i v e   cove rage   of  the  e x t e r i o r   su r face   of  the  s o r b e n t   p a r t i c l e  

p romot ing   pa r t i c le   coa l e scence   or  agg lomera t i on .   It  has  been  n o t e d  

and  iden t i f i ed   in  a p p l i c a n t s   c o p e n d i n g   appl ica t ion   (RI6124) ,   s e r i a l  

number   277,752  tha t   vanad ia   depos i t ed   on  the  su r f ace   of  the  so l id  



s o r b e n t   will  flow  as  a  liquid  u n d e r   high  t e m p e r a t u r e   cond i t i ons   o f  

ope ra t ion   e n c o u n t e r e d   in  a  r e g e n e r a t i o n   zone  to  remove  d e p o s i t e d  

c a r b o n a c e o u s   mater ial   and  such  vanad ia   flow  causes   p a r t i c l e  

s i n t e r i n g ,   pore   collapse  and  pa r t i c l e   coa l e scence   in  cooler  a reas   of  

the  s o r b e n t   con t ac t i ng   unit  and  more  s ta t ic   flow  area.   When  s u c h  

pa r t i c l e s   coa l e scence   is  pe rmi t t ed   to  occur   such  as  in  s t a n d p i p e s ,  

cyclone  d ip legs   and  re la ted   somewhat   s t a g n a n t   par t ic le   flow  a r e a s ,  
there   is  a  loss  in  f lu id iza t ion   and  flow  c h a r a c t e r i s t i c s   of  the  so l id  

s o r b e n t   p a r t i c u l a t e   which  r ap id ly   c o n t r i b u t e s   to  s t o p p a g e   a n d  

s h u t d o w n   of  the  p r o c e s s .  

F u r t h e r m o r e   as  rec i ted   above  when  us ing  a  low  pore  v o l u m e  

solids  s o r b e n t   mater ia l ,   the  heavy   high  boiling  oil  c o m p o n e n t s  

compr i s ing   a spha l t   is  not  a b s o r b e d   but   coats  the  pa r t i c l e   w i t h  

unvo la t i l i zed   a spha l t   which  then  s e r v e s   as  a  s t icky  mass  to  c a u s e  

pa r t i c l e s   to  s t ick  t o g e t h e r   and  to  the  r i s e r   r eac to r   wall  e v e n t u a l l y  

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

This  p roblem  is  also  o b s e r v e d   in  fluid  coking  ope ra t i ons   where   c o k e  

m i c r o s p h e r e s   unable   to  absorb   the  oil  feed  readi ly  coalesce  to  f o r m  

large  lumps  and  even tua l   p lugg ing   of  the  s y s t e m .  

The  p r e s e n t   inven t ion   is  t h e r e f o r e   c o n c e r n e d   with  p r o v i d i n g   a n  

improved  solids  s o r b e n t   p a r t i c u l a t e   mater ia l   which  will  m a t e r i a l l y  

r educe   if  not  el iminate  such  as  u n d e s i r a b l e   opera t ion   of  s o l i d s  

loading  of  c o n t a m i n a n t s   and  r e s u l t a n t   de f lu id iza t ion   t h e r e o f .  

In  a c c o r d a n c e   with  the  p r e s e n t   i nven t ion ,   the  a d v e r s e  

condi t ions   he r e in   iden t i f ied   with  r e s p e c t   to  pore  p l u g g i n g ,   p a r t i c l e  

s i n t e r i n g   and  par t ic le   coa lescence   is  s u b s t a n t i a l l y   r e d u c e d   t h r o u g h  

the  use  of  a  large  pore  volume  solid  s o r b e n t   p a r t i c u l a t e   m a t e r i a l  

such  as  one  con ta in ing   a  pore  volume  of  at  least  0.4  cc/g   a n d  

p r e f e r a b l y   in  the  r ange   of  0.5  cc /g   up  to  about  0.8  cc /g   p o r e  

volume.  In  yet  a n o t h e r   aspec t   the  p r e s e n t   invent ion   is  c o n c e r n e d  



with  methods   of  p r e p a r a t i o n   of  the  d e s i r e d   large  pore  volume  a n d  

thermal ly   s tab le   solid  s o r b e n t   p a r t i c u l a t e   mate r ia l .   The  s o r b e n t  

c h a r a c t e r i s t i c s   of  the  large  pore  mater ia l   may  be  improved  b y  

add ing   one  or  more  addi t ive   metals  de f ined   below  which  will  b e  

ef fec t ive   in  immobilizing  the  flow  of  vanad ia   at  r e g e n e r a t i o n  

t e m p e r a t u r e   cond i t i ons   by  combining  t h e r e w i t h   to  form  h i g h e r  

melt ing  point  ma te r i a l s   following  depos i t ion   on  the  s o r b e n t   m a t e r i a l .  

A  p a r t i c u l a r l y   des i r ed   high  pore  volume  clay  s o r b e n t   m a t e r i a l  

may  be  a t t a ined   d u r i n g   p r e p a r a t i o n   t h e r e o f   by  the  i n c o r p o r a t i o n   o f  

one  or  more  of  the  components   of  ca rbon   b lack,   s u g a r ,   o r g a n i c  

mater ia ls   such  as  m e t h y l c e l l u s o l v e ,   s t a r c h ;   polymer  mater ia ls   s u c h  

as  ny lon ,   p o l y a c r y l o n i t r i l e s ,   p o l y b u t e n e s ,   p o l y s t y r e n e s ;   h i g h  

t e m p e r a t u r e   decompos i t ion   of  i no rgan i c   salts   such  as  n i t r a t e s ,  

n i t r i t e s ,   c a r b o n a t e s ,   sulf i tes   of  va r ious   molecular   weights   a n d  

s t r u c t u r e   to  get  a  de s i r ed   pore  size  following  d e c o m p o s i t i o n .  

The  large  pore  solid  s o r b e n t   p a r t i c u l a t e   mater ia ls   p rov ided   a n d  

p r e p a r e d   a c c o r d i n g   to  this  i nven t ion   are  to  be  employed  in  

a p p a r a t u s   similar  to  that   d isc losed  in  U.S .   serial   number   2 7 7 , 7 5 2 ,  

but  unde r   o p e r a t i n g   condi t ions   spec i f ica l ly   r ec i t ed   he re in ,   in  w h i c h  

o p e r a t i o n ,   the  solids  of  this  i nven t ion   are  employed  for  a  g r e a t l y  

e x t e n d e d   on  s t ream  o p e r a t i n g   time  t h e r e b y   c o n t r i b u t i n g   m e a s u r a b l y  

to  the  economics  and  eff ic iency  of  the  o p e r a t i o n .   Other   a d v a n t a g e s  

c o n t r i b u t e d   by  the  solid  s o r b e n t   mater ia l s   of  this  inven t ion   will 

become  more  a p p a r e n t   from  the  following  d i s c u s s i o n .  

The  s o r b e n t   p a r t i c u l a t e   mater ia l   of  this  i nven t ion   may  b e  

p r e p a r e d   in  a  speci f ic   case  by  mixing  one  or  more  of  carbon  b l a c k ,  

a  polymeric   mater ia l   decomposable   d u r i n g   high  t e m p e r a t u r e   d r y i n g  

or  s u b s e q u e n t   high  t e m p e r a t u r e   t r e a t m e n t ,   s u g a r ,   etc.  in  a  s l u r r y  

of  clay  such  as  kaolin,   montmor i l loni te   smect i te   or  o ther   s u i t a b l e  

mater ia l ,   which  mix tu re   if  t h e r e a f t e r   s p r a y   dried  to  yield  a 



mic rosphe r i ca l   s o r b e n t   p a r t i c u l a t e   of  a  size  in  the  r ange   of  about   20 

to  about   150  microns  and  p r e f e r a b l y   within  the  f lu id izable   p a r t i c l e  

range   of  40  to  80  or  more  mic rons .   Ca lc ina t ion   of  the  sp ray   d r i e d  

material   may  be  accompl i shed   in  the  r e g e n e r a t i o n   s tep  of  t h e  

p rocess   or  s e p a r a t e l y   effected  before   use  at  a  t e m p e r a t u r e   s u f f i c i e n t  

to  remove  ca rbon   black  by  b u r n i n g   or  decompose   o rgan ic   m a t e r i a l  

w h i c h e v e r   to  yield  the  des i red   large  pore  s o r b e n t   mater ia l .   T h u s  

the  pore  size  of  the  s o r b e n t   material   is  de t e rmined   essen t ia l ly   b y  
the  size  of  the  occ luded   material   r emoved   by  calcinat ion  a n d / o r  

b u r n i n g .   A  p r e f e r r e d   pore  volume  of  the  f in ished  m i c r o s p h e r i c a l  

s o r b e n t   is  at  least   0.4  cc/g  and  p r e f e r a b l y   is  within  the  range   o f  

0.5  to  about   0.8  cc /g .   Thus  when  one  employs  a  s o r b e n t / o i l   r a t i o  

of  7/1,  the  total  pore  volume  of  the  s o r b e n t   will  be  within  t h e  

range   of  about   2.8  cc /cc   of  feed  up  to  abou t   5.6  cc /cc   of  f e e d .  

With  this  l a rge r   s o r b e n t   pore  volume  than  employed  h e r e t o f o r e ,   t h e  

pores  will  not  be  over   filled  with  d e p o s i t e d   high  boiling  c a r b o n  

p r o d u c i n g   componen t   mater ia ls   and  metal  con t aminan t s   for  a  m u c h  

longer   per iod  of  o p e r a t i n g   time  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  

material   is  removed  by  b u r n i n g ,   and  depos i t ed   vanadia   will  b e  

d i s c o u r a g e d   from  flowing  from  the  pores   with  or  wi thout   a d d i t i v e  

metals  to  accumula te   on  the  ou te r   su r f ace   of  the  solids  par t ic le   a n d  

cause  pore  p l u g g i n g   and  c o a l e s c e n c e .  

In  addi t ion   to  the  s u b s t a n t i a l l y   i n c r e a s e d   pore  volume  p r o v i d e d  

by  the  s o r b e n t   material   of  this  i n v e n t i o n   be ing   a  d e t e r r e n t   to  s h o r t  

term  o p e r a t i o n ,   the  i n c r e a s e d   pore   volume  in  combinat ion  w i t h  

immobilizing  metal  add i t ives   f u r t h e r   e n h a n c e s   the  h y d r o t h e r m a l  

v i s b r e a k i n g   ope ra t ion   of  this  i nven t ion   by  pe rmi t t i ng   an  even  m u c h  

l a rge r   accumula t ion   of  metal  c o n t a m i n a n t s   on  the  s o r b e n t   m a t e r i a l  

before   d i sca rd   t he r eo f   is  r e q u i r e d .  

The  large  pore  s o r b e n t   material   of  this  invent ion   may  b e  

modified  as  s u g g e s t e d   above  by  the  inc lus ion   of  one  or  m o r e  



vanadia   immobilizing  metal  a d d i t i v e s   se lec ted   from  the  oxide  or  s a l t  

t he reo f   or  an  o rgano -me ta l l i c   compound   of  the  add i t ive   material   m a y  

be  added   to  the  s o r b e n t   mater ia l   d u r i n g   or  af ter   m a n u f a c t u r e   of  t h e  

s o r b e n t   p a r t i c u l a t e   or  d u r i n g   the  oil  p r o c e s s i n g   cycle  so  as  t o  

immobilize  for  example  sodium  v a n a d a t e s ,   a n d / o r   vanad ium  p e n t o x i d e  

depos i t ed   on  the  s o r b e n t   d u r i n g   p r o c e s s i n g   of  the  oil  for  m e t a l s  

a n d / o r   C o n r a d s o n   carbon   removal .   With  the  large  pore  v o l u m e  

s o r b e n t   material   the re   is  less  need  for  p rov id ing   an  add i t ive   m e t a l  

here in   ident i f ied   in  the  v i rg in   s o r b e n t   material .   Addit ion  a f t e r  

c o n s i d e r a b l e   accumula t ion   of  vanad ia   will  be  h e l p f u l .  

The  d e s c r i b e d   inven t ion   thus   p r o v i d e s   an  improved  s o r b e n t  

and  an  improved  method  for  t r e a t m e n t   of  high  boiling  oil  f e e d s  

c o n t a i n i n g   s i gn i f i can t   levels  of  h y d r o c a r b o n   mater ia ls   boiling  a b o v e  

1025°F  and  an  amount   of  v a n a d i u m   of  at  least   1.0  ppm.  More  

p a r t i c u l a r l y ,   the  s o r b e n t   p a r t i c u l a t e   material   of  improved  high  p o r e  
volume  and  metals  a d s o r p t i o n   capac i ty   r e d u c e s   also  the  p h e n o m e n o n  

of  pa r t i c l e   coa lescence   and  loss  of  f lu idizat ion  for  the  r e a s o n s  

here in   d e s c r i b e d   and  caused   in  pa r t   p a r t i c u l a r l y   by  v a n a d i u m  

compound  con taminan t s   of  low  melting  point .   Gas  oil  and  h e a v i e r  

high  boiling  por t ions   of  oil  feeds  of  all  types   uti l ized  in  F C C  

opera t ion   and  more  p a r t i c u l a r l y   in  r e d u c e d   c rude   c r ack ing   o p e r a t i o n  

comprise   vanad ium,   nickel ,   iron  and  copper   in  c o n s i d e r a b l y   v a r y i n g  

amounts   with  vanadium  quite  often  being  a  major  por t ion   t h e r e o f .  

The  inven t ion   d e s c r i b e d   he re in   is  thus   p a r t i c u l a r l y   useful   in  t h e  

removal  of  excess ive   c a r b o - m e t a l l i c   con ta in ing   oil  componen t s   f r o m  

feeds  to  be  ut i l ized  in  a  p r o c e s s   known  as  a  r e d u c e d   c r u d e  

c r a c k i n g   (RCC)  p rocess   p r o c e s s i n g   h y d r o c a r b o n   composi t ion   o f  

h i g h e r   metals  con ten t   than  p r o c e s s e d   in  gas  oil  c r a c k i n g   ( F C C )  

o p e r a t i o n s .  

Some  c rude   oil  f r ac t ions   and  some  FCC  cha rge   s tocks   o b t a i n e d  

by  the  d is t i l la t ion  of  c rude   oils  contain  s ign i f i can t   amounts   ( g r e a t e r  



than  1.0  ppm)  of  heavy   metals  such  as  Ni,  V,  Fe,  Cu,  Na.  O f  

these  meta ls ,   vanad ium  has  been  iden t i f i ed   as  a  p a r t i c u l a r l y   b a d  

actor  as  here in   d e s c r i b e d .   Residual   f r a c t i o n s   from  c rude   oil 

d is t i l la t ion  have  even  g r e a t e r   amounts   of  heavy   metals  and  also  h a v e  

high  C o n r a d s o n   ca rbon   p r o d u c i n g   h y d r o c a r b o n s .   As  u s e d  

t h r o u g h o u t   the  s p e c i f i c a t i o n s ,   "vanadia"   r e f e r s   col lec t ive ly   to  t h e  

oxides  of  vanad ium.   It  has  been  found  that   as  the  vanad ium  o x i d e  

level  bui lds   up  on  the  s o r b e n t   material   the  e l eva ted   t e m p e r a t u r e s  
e n c o u n t e r e d   in  the  r e g e n e r a t i o n   zone  cause  vanad ium  p e n t o x i d e  

(V 2°5)  to  flow  as  l iquid  vanad ia .   This  f lowing  of  v a n a d i a ,  

p a r t i c u l a r l y   at  high  vanadia   levels  in  s o r b e n t   mate r ia l s   with  low 

sur face   area  and  low  pore  volume  below  .4  cc /g   and  p a r t i c u l a r l y  

below  0.2  cc /g   can  also  coat  the  ou ts ide   of  the  s o r b e n t  

m i c r o s p h e r e s   with  liquid  and  t h e r e b y   cause  coa le scence   in  c o o l e r  

areas   be tween   s o r b e n t   pa r t i c l e s   which  a d v e r s e l y   a f fec t   i t s  

f lu id iza t ion   p r o p e r t i e s .   it  is  to  be  u n d e r s t o o d   that   the  large  p o r e  
volume  s o r b e n t   pa r t i c l e s   of  this  i nven t ion   can  be  of  any  s i z e ,  

d e p e n d i n g   on  the  size  a p p r o p r i a t e   to  the  c o n v e r s i o n   p r o c e s s   in 

which  the  s o r b e n t   is  to  be  employed.   T h u s ,   while  a  f lu id izable   s i ze  

is  p r e f e r r e d   in  a  r i ser   con tac t   zone,  the  s o r b e n t   pa r t i c l e s   may  b e  

employed  as  l a rge r   size  p a r t i c l e s ,   such  as  those  used  in  so l id  

par t ic le   moving  beds  sy s t ems   in  contact   with  pa r t i a l ly   vapo r i zed   o r  

u n v a p o r i z e d   f e e d s .  

Many  of  the  problems  of  the  pr ior   art   r e la ted   to  r e d u c e d   c r u d e  

c r a c k i n g   are  be l ieved  to  be  caused  by  a spha l t i c   and  v a n a d i u m  

con ta in ing   con taminan t s   and  such  p rob lems   are  overcome  i n  

s u b s t a n t i a l   measure   by  employing   the  large  pore  s o r b e n t   p a r t i c l e  

material   of  this  inven t ion   e i ther   alone  or  in  combina t ion   with  a  

select   metal  add i t ive   he re in   ident i f ied   for  at  least   p a r t   of  t h e  

s o r b e n t   life  in  the  p r o c e s s .  



This  i nven t ion   is  e spec ia l ly   e f fec t ive   for  the  t r e a t m e n t   o f  

r e d u c e d   c r u d e s ,   r e s i dua l   oils,  t opped   c r u d e s   and  o ther   high  b o i l i n g  

c a r b o - m e t a l l i c   con t a in ing   h y d r o c a r b o n   feed  compr i s ing   r e l a t i v e l y  

high  vanad ium  to  nickel  r a t ios   and  high  C o n r a d s o n   ca rbon   v a l u e s .  

The  h y d r o c a r b o n   f r ac t i ons   or  high  boiling  oil  feeds  hav ing   a  h i g h  

level  of  metal  c o n t a m i n a n t s   and  C o n r a d s o n   ca rbon   p r o d u c i n g  

c o m p o n e n t s   values   are  p r e f e r a b l y   init ial ly  con t ac t ed   in  a  r e a c t i o n  

zone  such  as  r i ser   r e a c t o r   zone  with  a  d i luen t   material   such  a s  

wa te r ,   steam  or  a  combina t ion   thereof   to  p rov ide   t e m p e r a t u r e  
cont ro l   and  h y d r o c a r b o n   par t ia l   p r e s s u r e   r e d u c t i o n   upon  c o n t a c t  

with  the  solid  s o r b e n t   p a r t i c u l a t e   mater ial   of  this  i n v e n t i o n  

p r o v i d i n g   s u r f a c e   area  and  high  pore  volume  he re in   def ined   a t  

t e m p e r a t u r e s   above  about   900°F.  Res idence   time  of  the  oil  f e e d  

c h a r g e d   will  vary   with  boil ing  r ange   and  g e n e r a l l y   is  below  5 

s e c o n d s .   P r e f e r a b l y   the  r e s i d e n c e   time  for  high  boiling  r e s i d u a l  

oils  and  r e d u c e d   c rude   will  be  in  the  r ange   of  0 .5-3   s e c o n d s .   T h e  

p r e f e r r e d   high  pore  volume  s o r b e n t   mater ia l   a c c o r d i n g   to  t h i s  

i n v e n t i o n   of  f lu id izable   pa r t i c l e   size  is  a  s p r a y   dr ied  composi t ion  in  

the  form  of  m i c r o s p h e r i c a l   p a r t i c l e s   g e n e r a l l y   in  the  size  r ange   o f  

20  to  150  microns   and  p r e f e r a b l y   be tween   about   40  and  about   80 

mic rons ,   which  may  o r   may  not  be  ca lc ined  p r ior   to  u s e .  

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

Figure   1  is  a  schemat ic   d iagram  in  e levat ion   of  an  a r r a n g e m e n t  

of  an  a p p a r a t u s   for  c a r r y i n g   out  the  v i s b r e a k i n g - d e m e t a l l i z i n g  

p r o c e s s   of  the  i n v e n t i o n .  

Figure   2  is  a  g r a p h   showing  c h a n g e s   in  s o r b e n t   p r o p e r t i e s  

with  i n c r e a s i n g   amounts   of  vanad ium  on  the  s o r b e n t   and  the  e f f e c t  

of  a  metal  add i t i ve   on  s o r b e n t   p r o p e r t i e s .  



Figure   3  is  a  g raph   showing   the  time  r e q u i r e d   to  build  u p  
vanadium  on  a  s o r b e n t   at  v a r y i n g   vanad ium  levels  in  a  feed  and  a  
s o r b e n t   add i t ion   ra te   of  4%  of  i n v e n t o r y .  

Discuss ion   of  the  Specific  E m b o d i m e n t s  

It  is  not  p r o p o s e d   to  spec i f i ca l ly   define  the  exact   m e c h a n i s m  

for  ob t a in ing   the  immobil izat ion  of  vanadia   excep t   to  say  tha t   m e t a l  

add i t ives   of  this  i nven t ion   will  form  compounds ,   complexes  or  a l l o y s  
with  vanad ia   which  have  h i g h e r   melt ing  points  than  t h e  

t e m p e r a t u r e s   pe rmi t t ed   to  be  ach ieved   in  the  r e g e n e r a t i o n  

ope ra t ion .   the  atomic  ratio  of  add i t ive   metals  to  vanadium  d e s i r a b l y  

employed  on  the  s o r b e n t   mater ia l   is  at  least   0.5  and  p r e f e r a b l y   a t  

least  1.0  d e p e n d i n g   on  the  n u m b e r   of  add i t ive   metal  atoms  in  t h e  

oxide  of  the  add i t ive   metal,   e . g .   Ti02  or  In203 ,   form  a  s t a b l e ,  

high  mel t ing  b inary   oxide  mater ia l   with  vanad ium  pen tox ide   ( V 2 O 5 ) .  
Thus ,   the  melting  point   of  the  b ina ry   oxide  material   is  g e n e r a l l y  

well  above  the  o p e r a t i n g   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   in  t h e  

r e g e n e r a t o r .   A l though ,   the  amount   of  metal  addi t ive   may  b e  

initially  c o n s i d e r a b l y   above  the  p r e f e r r e d   minimum  ratio  d e p e n d i n g  

upon  p r o c e d u r e   employed  for  add i t ion   t he r eo f   and  p a r t i c u l a r l y   if  i t  

is  i n c o r p o r a t e d   in  the  solid  s o r b e n t   p r io r   to  use,   the  ra t io   o f  

addi t ive   metal  to  vanad ium  on  the  s o r b e n t   will  d e c r e a s e   as  v a n a d i u m  

is  depos i t ed   on  the  solid  s o r b e n t .   A l t e r n a t i v e l y ,   the  metal  a d d i t i v e  

may  be  added   to  the  p roces s   at  a  p r e f e r r e d   and  se lected  m in imum 

rate  at  least   e q u i v a l e n t   to  the  vanad ium  metal  con ten t   of  the  f e e d .  

This  or  any  o ther   su i t ab le   a p p r o a c h   may  be  employed  to  i d e n t i f y  

and  confirm  su i tab le   metal  a d d i t i v e   c o n c e n t r a t i o n s   which  can  f o r m  

binary   m ix tu r e s   with  d e p o s i t e d   a n d / o r   formed  low  melt ing  p o i n t  

vanadia  so  as  to  yield  a  solid  mater ia l   tha t   h a s  a   melting  point   of  a t  

least  about   1600°F  and  p r e f e r a b l y   at  least   about   1700°F  or  h i g h e r ,  

This  high  melting  point   p r o d u c t   e n s u r e s   that   high  levels  of  v a n a d i a  



will  not  flow,  so  as  to  cover   the  s o r b e n t   pore  s t r u c t u r e   to  c a u s e  

pa r t i c l e   coa l e scence   a n d / o r   s i n t e r i n g   as  here in   d e s c r i b e d .  

Examples   of  A d d i t i v e s  

The  a d d i t i v e   metals  of  this  i nven t ion   inc lude  those   e l e m e n t s  

from  the  Per iodic   c h a r t   of  e lements   shown  in  Table  A.  The  m e l t i n g  

points   of  Table  A  are  based  on  a  1:1  mole  rat io  of  the  me ta l  

add i t ive   oxide  in  its  s table   va lence   state  u n d e r   r e g e n e r a t o r  
cond i t ions   to  vanad ium  p e n t o x i d e .  

Other   e lements   which  may  be  employed  with  c o n s i d e r a b l e  

s u c c e s s   inc lude  silicon  and  a luminum.   In  p a r t i c u l a r   it  is  d e s i r a b l e  

to  employ  with  the  large  pore  volume  kaol in i te   clay  from  1  to  20  wt% 

of  one  or  more  of  Si,  Al,  Ti,  Zr,  Ba,  Mg  and  C a .  

This  i n v e n t i o n   also  r ecogn ize s   that   mix ture   of  these   a d d i t i v e  

metals  with  vanad ia   may  occur   to  form  high  mel t ing  t e r n a r y ,  



q u a t e r n a r y ,   or  h ighe r   componen t   r eac t ion   m i x t u r e s .   Examples  o f  

such  add i t iona l   t e r n a r y   and  q u a t e r n a r y   compounds   are  shown  in  

Table  B .  

It  is  also  r e cogn ized   that   in  t r e a t i n g   a  s u l f u r   con ta in ing   h i g h  

boil ing  ca rbo -me ta l l i c   con t a in ing   oil  feed  and  r e g e n e r a t i o n   of  t h e  

s o r b e n t   mater ial   compr i s ing   metal  c o n t a m i n a n t   depos i t s   in  t h e  

p r e s e n c e   of  an  oxygen   con ta in ing   gas,   v a n a d i u m   will  also  l i k e l y  

form  c o m p o u n d s ,   such  as  vanad ium  s u l f i d e s ,   s u l f a t e s ,   a n d  

o x y s u l f i d e s ,   which  may  also  form  b i n a r y ,   t e r n a r y ,   q u a n t e r n a r y   o r  

h i g h e r   componen t   reac t ion   m i x t u r e s   with  the  metal  a d d i t i v e s  

ident i f ied   by  this  i nven t ion   d i s c l o s u r e .  

While  not  wishing  to  be  bound   by  any  one  t heo ry   o r  

mechanism,   it  has  been  o b s e r v e d   tha t   a  r eac t ion   of  the  meta l  

add i t ive   with  vanadia   g e n e r a l l y   y ie lds   a  b i n a r y   reac t ion   p r o d u c t .  

In  the  case  of  m a n g a n e s e   ace t a t e   for  example ,   r e a c t i n g   w i t h  

vanad ium  p e n t o x i d e ,   the  compound  formed  was  t e n t a t i v e l y   i d e n t i f i e d  

as  Mn2  V2  07.   When  t i tania   was  r e a c t e d   with  v a n a d i u m   p e n t o x i d e ,  

no  t rue   compound  could  be  iden t i f i ed   b e c a u s e   the  r eac t ion   i s  

be l ieved  to  involve  the  s u b s t i t u t i o n   of  Ti+4  in  the  c r y s t a l l i n e  

s t r u c t u r e   by  V+4.  T h u s ,   the  d i s a p p e a r a n c e   of  the  t i tania   x - r a y  

p a t t e r n   and  the  vanad ium  p e n t o x i d e   x - r a y   p a t t e r n   was  o b s e r v e d ,  

ind ica t ing   vanad ium  s u b s t i t u t i o n .  



The  metal  a d d i t i v e s   may  be  compounds   of  magnes ium,   c a l c i u m ,  

bar ium,   t i t an ium,   z i r con ium,   m a n g a n e s e ,   indium,  l a n t h a n u m ,   or  a 

mix ture   of  the  c o m p o u n d s   of  these   metals .   Where  the  addi t ive   is  

i n t r o d u c e d   d i r ec t ly   into  the  high  pore  volume  s o r b e n t   d e m e t a l l i z i n g  

p r o c e s s ,   tha t   is  into  a  r i s e r   con tac t   zone  or  a  falling  p a r t i c l e  

contac t   zone,   into  the  r e g e n e r a t o r   or  into  any  i n t e r m e d i a t e   s e c t i o n  

t h e r e o f ,   the  metal  a d d i t i v e s   are  p r e f e r a b l y   o r g a n o - m e t a l l i c  

compounds   soluble  in  the  h y d r o c a r b o n   feed  or  in  a  h y d r o c a r b o n  

so lvent   miscible  with  the  feed.  Examples   of  p r e f e r r e d  

o r g a n o - m e t a l l i c   compounds   are  t e t r a i s o p r o p y l t i t a n a t e ,   Ti  (C3H30)   4 '  
avai lable   as  TYZOR  from  the  DuPont   C o m p a n y ;  

m e t h y l c y c l o p e n t a d i e n y l   m a n g a n e s e   t r i c a r b o n y l   MMT),  Mn  ( C O )  3  

C6H7;  z i rconium  i s o p r o p o x i d e ,   Zr  ( C 3 H 7 O ) 4 ;   bar ium  ace ta te ,   Ba 

(C2H302)   2;  calcium  oxa la t e ,   Ca  (C2O4);   magnes ium  s t e a r a t e ,   Mg  ( C 1 8 H 3 5 Y O 2 )  
2;  Indium  2 ,4 ,   p e n t a n e d i o n a t e  -   In  (C5H7O2)3;   Tan ta lum  e t h o x i d e  -  

Ta  ( C 2 H 5 0 ) 5 ;   and  z i rconium  2 , 4  -   p e n t a e i o n a t e  -   Zr  ( C 5 H 7 O 2 ) 4 .  
Other   p r e f e r r e d   p r o c e s s   a d d i t i v e s   include  t i tan ium  t e t r a c h l o r i d e   a n d  

m a n g a n e s e   ace t a t e ,   both  of  which  are  r e l a t ive ly   i n e x p e n s i v e .   T h e s e  

add i t i ve s   are  only  a  par t ia l   example  of  the  va r ious   material   a v a i l a b l e  

and  o t h e r s   would  inc lude   a l coho la te s ,   e s t e r s ,   p h e n o l a t e s ,  

n a p h t h e n a t e s ,   c a r b o x y l a t e s ,   dienyl  s andwich   compounds ,   a n d  

var ious   i n o r g a n i c   compounds   soluble  in  h y d r o c a r b o n   s o l v e n t s .  

The  o r g a n o - m e t a l l i c   a d d i t i v e s   may  be  i n t r o d u c e d   d i rec t ly   i n t o  

thc  h y d r o c a r b o n   t r e a t m e n t   or  v i s b r e a k i n g   z o n e ,   p r e f e r a b l y   near   t h e  

bottom  of  a  r i se r   r eac t ion   zone  so  tha t   the  metal  add i t ive   will  b e  

depos i t ed   on  the  s o r b e n t   p a r t i c u l a t e   be fore   or  along  with  the  h e a v y  

metals  in  the  oil  feed .   When  the  add i t ive   metal  in  the  s o r b e n t  

mater ia l   of  the  i nven t ion   r e a c h e s   the  r e g e n e r a t o r ,   its  oxide  i s  

formed,   e i the r   by  decompos i t ion   of  the  add i t ive   d i r e c t l y   to  the  m e t a l  

oxide  or  by  decompos i t ion   of  the  add i t ive   to  the  f ree   metal  which  i s  

then  ox id ized   u n d e r   the  r e g e n e r a t o r   cond i t i ons .   This   p rov ides   a n  

intimate  mix tu re   of  metal  add i t ive   and  u n d e s i r e d   heavy  me ta l  



con t aminan t s   in  the  feed  and  is  be l ieved   to  be  a  most  e f f e c t i v e  

method  for  ty ing   up  vanad ium  p e n t o x i d e   as  soon  as  it  is  formed  i n  

the  r e g e n e r a t o r .   The  metal  add i t ive   may  be  i n t r o d u c e d   into  t h e  

r i se r   v i s b r e a k e r   zone  by  mixing  it  with  the  feed  in  an  a m o u n t  

su f f i c i en t   to  give  an  atomic  ratio  be tween   the  metal  add i t i ve   and  t h e  

vanadium  in  the  feed  of  at  least  0.25,   p r e f e r a b l y   in  the  r a n g e   o f  

0.5  to  3.0.   The  add i t ion   of  metal  add i t i ve   is  p r e f e r a b l y   d e l a y e d  
until  s i g n i f i c a n t   levels  of  metal  depos i t s   are  accumula ted   so  tha t   t h e  

economics  of  the  p roce s s   will  be  p r e s e r v e d   as  long  as  p o s s i b l e .  

If  the  metal  add i t ive   is  added  d i r ec t ly   to  the  s o r b e n t   d u r i n g  
s o r b e n t   m a n u f a c t u r e   or  at  some  o ther   time  before   the  s o r b e n t   i s  

i n t r o d u c e d   into  the  r i se r   r e a c t o r ,   the  metal  add i t ives   are  p r e f e r a b l y  

water   soluble  i n o r g a n i c   salts  of  these   meta ls ,   such  as  the  a c e t a t e ,  

hal ide,   n i t r a t e ,   su l f a t e ,   sulfi te  a n d / o r   c a r b o n a t e .   If  the  me ta l  

addi t ive   is  not  added   to  the  s o r b e n t   before   or  d u r i n g   p a r t i c l e  

format ion ,   then  it  can  be  added  by  i m p r e g n a t i o n   t e c h n i q u e s   to  t h e  

dried  s o r b e n t   pa r t i c l e s   which  are  p r e f e r a b l y   s p r a y   d r i e d  

m i c r o s p h e r e s .  

I no rgan i c   metal  add i t i ves   may  be  i n t r o d u c e d   into  the  p r o c e s s  

system  of  F igu re   1  d i s c u s s e d   below  along  with  wate r   c o n t a i n i n g  

s t r eams ,   such  as  can  be  used  to  d i r ec t ly   cool  the  solids  in  t h e  

r e g e n e r a t o r   or  to  lift,  f luidize  to  s t r ip   s o r b e n t   solid  m a t e r i a l .  

A  s o r b e n t   mater ia l   p a r t i c u l a r l y   su i t ab le   for  demeta l l i z ing   h i g h  

boiling  r e s idua l   oils  and  r e d u c e d   c r u d e s   is  a  d e h y d r a t e d   kaolin  c l a y  

of  large  pore  volume.   Accord ing   to  a n a l y s i s ,   a  kaolin  clay  c o n t a i n s  

about   51  to  53%  (wt%)  Si02,  41  to  45%  A1203  and  0  to  1%  H20,   t h e  

r ema inde r   c o n s i s t i n g   of  small  amounts   of  o r ig ina l ly   p r e s e n t  

impur i t i e s .   A l t h o u g h   these   impur i t i e s   may  include  t i t an ium,   t h i s  

t i tanium  is  bound   up  in  the  clay  and  is  not  in  a  form  capable   o f  

typing  up  s i g n i f i c a n t   amounts   of  vanad ium.   In  o r d e r   to  f a c i l i t a t e  



s p r a y   d r y i n g ,   a  powdered   d e h y d r a t e d   kaolinite  clay  is  d i s p e r s e d   in  

wate r   u n d e r   condi t ions   to  form  a  s u s p e n s i o n   or  a  s l u r r y   of  s o l i d s  

which  will  p rov ide   random  o r i e n t a t i o n   c o n t r i b u t i n g   to  large  p o r e  
volume.   In  p r e f e r r e d   p r e p a r a t i o n   cases  in  o rde r   to  a c h i e v e  

a t t r i t i o n   r e s i s t a n c e   and  a  g r e a t e r   pore  volume  and  avoid  e x p e n s i v e  

ca lc ina t ion ,   a  b inder   material   cons i s t i ng   of  silica,  a lumina,   c a l c i u m ,  

bor ia ,   magnesia  or  t i tania  may  be  e m p l o y e d .  

The  spray  d r i e r s   used  can  have  c o u n t e r c u r r e n t   or  c o c u r r e n t  

or  a  mixed  c o u n t e r c u r r e n t / c o c u r r e n t   movement  of  the  s u s p e n s i o n  

and  the  hot  air  for  the  p r o d u c t i o n   of  m i c r o s p h e r e s .   The  air  can  b e  

hea ted   e lec t r ica l ly   or  by  o the r   i nd i r ec t   means.   Combus t ion   g a s e s ,  
such  as  those  ob ta ined   in  the  air  from  the  combus t ion   of  

h y d r o c a r b o n   hea t ing   oils,  can  also  be  u s e d .  

If  a  c o c u r r e n t   d r y e r   is  u sed ,   the  air  inlet  t e m p e r a t u r e   can  b e  

as  high  as  649°C  (1200°F)  and  the  clay  should  be  c h a r g e d   at  a  r a t e  

su f f i c i en t   to  g u a r a n t e e   an  air  out let   t e m p e r a t u r e   of  about   121  t o  

316°C  (250  to  600°F).   At  these   t e m p e r a t u r e s   the  free  mois ture   o f  

the  s u s p e n s i o n   is  d r iven   away  without   removing  the  water   of 

h y d r a t i o n   (water   of  c r y s t a l l i n i z a t i o n )   from  the  c rude   c l ay  

componen t .   A  d e h y d r a t i o n   of  pa r t   of  all  of  the  c rude   clay  d u r i n g  

the  s p r a y   d ry ing   may  be  e n v i s i o n e d .   The  p r o d u c t   of  the  s p r a y  

d r y e r   can  be  s e p a r a t e d   in  o r d e r   to  obtain  m i c r o s p h e r e s   of  t h e  

d e s i r e d   par t ic le   size.  Ca lc ina t ion   of  the  pa r t i c l e s   a l t h o u g h   n o t  

n e c e s s a r i l y   r e q u i r e d ,   can  be  completed  after   the  add i t ion   of  one  o r  

more  metal  components   he re in   ident i f ied   or  by  i n t r o d u c i n g   t h e  

s p r a y - d r i e d   pa r t i c les   before   metal  addi t ion  d i rec t ly   into  a  c a l c i n i n g  

o p e r a t i o n .  

Al though  it  is  a d v a n t a g e o u s   in  some  cases  to  calcine  t h e  

m i c r o s p h e r e s   at  t e m p e r a t u r e s   of  about   1600  to  2100°F  in  o rde r   to  

obtain  par t ic les   of  maximum  h a r d n e s s ,   it  is  also  possible   to  



d e h y d r a t e   the  m i c r o s p h e r e s   by  calcining  at  lower  t e m p e r a t u r e s .  

T e m p e r a t u r e s   of  about   1000  to  1600°F  can  be  u s e d ,   to  t r a n s f o r m   t h e  

clay  into  a  material   known  as  "metakaol in" .   Af ter   c a l c ina t i on ,   t h e  

m i c r o s p h e r e s   should  be  cooled  down  and,  if  n e c e s s a r y ,   f r a c t i o n a t e d  

to  obtain  the  des i red   pa r t i c l e   size  r a n g e .  

Example  of  Ti tania   Conta in ing   S o r b e n t  

In  one  specif ic   example ,   i n g r e d i e n t s   G,  E,  and  F  in  this  o r d e r  

are  added  while  mixing  to  8  l i ters   of  water   at  a  pH  of  2  a n d  

ambient  cond i t ions   to  obtain  a  70  wt%  solids  s l u r r y   which  is  held  f o r  

f u r t h e r   p r o c e s s i n g .  

Tap  wate r   (A)  is  added   to  a  homogeniz ing   mixer  (Kady  Mill) 
with  su l fu r i c   acid  (C)  and  mixed  for  five  minu te s .   Sodium  s i l i c a t e  

B  is  then  added  c o n t i n u o u s l y   over  a  f i f teen  minute  per iod  (600 

ml/min)  to  the  s t i r r e d   acid  so lut ion  to  p rov ide   a  silica  s o l .  

The  70  wt%  solids  s l u r r y   from  the  f i r s t   s tep  is  then   added   t o  a  

s t i r r ed   Kady  Mill  and  mixed  for  f i f teen  m inu te s .   The  pH  of  t h e  

solution  is  main ta ined   at  2 . 0 - 2 . 5   by  addi t ion  of  acid  if  n e e d e d .   T h e  

t e m p e r a t u r e   du r ing   a d d i t i o n ,   mixing,   ac id i f ica t ion   is  m a i n t a i n e d  

below  120°F  and  v i scos i ty   of  the  solution  a d j u s t e d   to  1000  CPS  b y  

the  addi t ion  of  w a t e r .  



The  r e s u l t i n g   mix tu re   is  immediately  a tomized,   i. e.  s p r a y e d ,  

into  a  hea ted   gaseous   a t m o s p h e r e ,   such  as  air  a n d / o r   steam  h a v i n g  

an  inlet  t e m p e r a t u r e   of  400°C,  and  an  outlet   t e m p e r a t u r e   of  1 3 0 ° C ,  

us ing  a  commercial ly  ava i lab le   sp ray   d r ie r .   The  r e s u l t i n g  

m i c r o s p h e r i c a l   pa r t i c l e s   are  w a s h e d   with  20  l i ters   of  hot  water   a n  
dried  at  350°F  for  3  h o u r s .   This  yields  a  s o r b e n t   c o n t a i n i n g   25 

wt%  t i t an ium  as  t i tanium  dioxide  on  a  volatile  free  b a s i s .  

In  some  examples   of  s o r b e n t   p r e p a r a t i o n ,   mixing  a n d  

s u b s e q u e n t   sp ray   d ry ing   take  place  rapid ly   to  p r e v e n t   p r e m a t u r e  

s e t t i ng   of  a  gel.  In  this  c o n n e c t i o n ,   the  silica  sol  and  the  s o l i d s  

s l u r r y   may  be  added  s e p a r a t e l y   to  a  sp ray   dr ie r   nozzle  and  the  two  

s t r eams   mixed  i n s t a n t a n e o u s l y   and  homogeneous ly .   Such  a  m i x i n g  

p r o c e s s   is  d e s c r i b e d   in  U.S .   Pa ten t   No.  4 , 1 2 6 , 5 7 9 ,   which  is  

i n c o r p o r a t e d   here in   by  r e f e r e n c e .   The  air  atomizer  should   feed  t h e  

two  c o m p o n e n t s   into  the  nozzle  at  p r e s s u r e s   of  about   30  to  90  p s i  

and  main ta in   the  air  in  the  nozzle   at  about   50  to  60  psi ,   p r e f e r a b l y  

about   51-53  psi.  As  an  a l t e r n a t i v e   to  p r emix ing   with  e i t h e r  

c o m p o n e n t ,   the  metal  add i t ive   may  also  be  fed  s e p a r a t e l y   to  t h e  

nozzle  via  a  s e p a r a t e   line  o p e r a t e d   at  p r e s s u r e s   of  about   30  to  90 

p s l .  

Titania  I m p r e g n a t e d   S o r b e n t  

S e v e n t y - f i v e   grams  of  s o r b e n t   (not  ca lc ined)   is  d r ied   at  100°C 

under   vacuum  for  two  hou r s .   2.4  ml  of  DuPont ' s   Tyzor   TPT  ( t e t r a  

i sopropy l   t i t a n t a e )   is  d i s so lved   in  75  ml.  of  c y c l o h e x a n e .   T h e  

t i t an ium  solut ion  is  added  to  the  vacuum  dried  s o r b e n t   and  a l lowed  

to  con tac t   with  ag i ta t ion   for  30  minu tes .   Excess   so lu t ion   is  t h e n  

s t r i p p e d   from  the  i m p r e g n a t e d   s o r b e n t   to  yield  dried  solid  p a r t i c l e s .  

The  s o r b e n t   is  then  humid i f i ed .   The  s o r b e n t   is  then  r e g e n e r a t e d  

(o rgan ic   moieties  b u r n e d   off)  as  a  shallow  bed  in  a  f u r n a c e   at  900°F  



for  6  h o u r s .   This   p r o c e d u r e   yields   a  s o r b e n t   con ta in ing   0.53  wt% 

Ti  on  s o r b e n t .  

Addi t ive   Mixed  with  S o r b e n t  

As  a n o t h e r   p r e f e r r e d   embodiment   of  the  i n v e n t i o n ,   the  me ta l  

add i t ive   may  be  i n c o r p o r a t e d   d i rec t ly   into  the  s o r b e n t   mater ia l .   T o  

an  aqueous   s l u r r y   of  the  raw  s o r b e n t   mater ial   is  mixed  the  me ta l  

add i t ive   in  an  amount   to  yield  a p p r o x i m a t e l y   1  to  25  wt% 

c o n c e n t r a t i o n   on  the  f in ished  s o r b e n t .   The  metal  add i t ive   can  b e  

added  in  the  form  of  a  water   soluble  compound  such  as  the  n i t r a t e ,  

hal ide ,   s u l f a t e ,   c a r b o n a t e ,   or  the  like,  a n d / o r   as  an  oxide  o r  

h y d r o u s   gel,  such  as  t i tania  or  z i rconia   g e l .  

Other   ac t ive   ge l a t i nous   p r e c i p i t a t e s   or  o ther   gel  like  m a t e r i a l s  

may  also  be  u s e d .   This  mix ture   may  be  s p r a y   dr ied   to  yield  t h e  

f in i shed   s o r b e n t   as  a  m ic rosphe r i ca l   pa r t i c l e   of  10  to  200  microns  i n  

size  with  the  ac t ive   metal  add i t ive   depos i t ed   within  the  m a t r i x  

a n d / o r   on  the  o u t e r   su r f ace   of  the  c a t a ly s t   par t ic le .   Since  t h e  

c o n c e n t r a t i o n   of  v a n a d i u m   on  spent   s o r b e n t   can  be  as  high  as  4  wt% 

of  par t ic le   w e i g h t ,   the  c o n c e n t r a t i o n   of  add i t ive   metal  is  p r e f e r a b l y  

in  the  r ange   of  1  to  8%  as  the  metal  e lement .   More  p r e f e r a b l y ,  

there   is  s u f f i c i e n t   metal  addi t ive   to  maintain   at  least  the  p r e f e r r e d  

minimum  atomic  ra t io   of  addi t ive   metal  to  vanadium  at  all  t i m e s .  

Moving  Bed  S o r b e n t  

A  h y d r o s o l   c o n t a i n i n g   the  s o r b e n t   ma te r ia l s   d e s c r i b e d   in  t h i s  

inven t ion   is  i n t r o d u c e d   as  drops   of  h y d r o s o l   into  a  water   immisc ib le  

liquid  whe re in   the  h y d r o s o l   sets  to  s p h e r o i d a l   b e a d - l i k e   pa r t i c l e s   o f  

h y d r o g e l .   The  l a r g e r   size  s p h e r e s   are  o r d i n a r i l y   within  the  r a n g e  
of  about   1/64  to  about   1/4  inch  in  d i amete r .   The  r e s u l t i n g  

spher ica l   h y d r o g e l   beads   are  dr ied  at  300°F  for  6  hours   a n d  



calcined  for  3  hou r s   at  1300°F.  The  use  of  these  calcined  s p h e r i c a l  

beads   is  of  p a r t i c u l a r   a d v a n t a g e   in  a  moving  bed  p r o c e s s .  

R e p r e s e n t a t i v e   f e e d s t o c k   con t emp la t ed   for  d e m e t a l l i z i n g  

t r e a t m e n t   a c c o r d i n g   to  this  i nven t ion   include  any  oil  f r a c t i o n  

compr i s ing   u n d e s i r e d   metal  levels  for  ca ta ly t ic   c r a c k i n g   thereof   s u c h  

as  whole  c rude   oils;  a t m o s p h e r i c   gas  oils,  heavy   vacuum  gas  oi ls  

and  heavy  f r ac t i ons   of  c rude   oils  inc luded  with  topped  c r u d e ,  

r e d u c e d   c r u d e ,   vacuum  f r a c t i o n a t o r   bot toms,   o ther   f r a c t i o n s  

con t a in ing   heavy  r e s i d u a ,   c o a l - d e r i v e d   oils,  shale  oils,  w a x e s ,  
u n t r e a t e d   or  d e a s p h a l t e d   r e s i d u a   and  b lends  of  such  f rac t ions   w i th  

gas  oils  and  the  like.  T h u s ,   a  r e l a t ive ly   small  amount   (5-25%)  of  a 

demeta l l ized   r e d u c e d   c rude   or  o ther   heavy  h y d r o c a r b o n   f e e d s t o c k  

may  be  mixed.  with  a t m o s p h e r i c '   or  vacuum  gas  oils  to  p rovide   a 

f e e d s t o c k   for  ca ta ly t ic   c o n v e r s i o n .   A  high  vanad ium  con ta in ing   oil 

feed  for  FCC  p r o c e s s i n g   is  one  h a v i n g   more  than  0.1  ppm  v a n a d i u m  

up  to  about   5.0  ppm.  A  high  vanad ium  feed  for  RCC  p r o c e s s i n g   o n  

the  o ther   hand  is  one  hav ing   more  than  1.0  ppm  vanadium  a n d  

usual ly   more  than  about   5.0  p p m .  

A  ca rbo-me ta l l i c   feed  to  be  v i s b r o k e n   and  d e m e t a l l i z e d  

a c c o r d i n g   to  this  inven t ion   is  one  in  a  specif ic   example  bo i l ing  

above  650°F  hav ing   a  heavy   metal  con t en t   of  at  least  about   4  p p m  
nickel  e q u i v a l e n t s ,   (ppm  total  metals  being  c o n v e r t e d   to  n i c k e l  

e q u i v a l e n t s   by  the  formula:   Ni  E q .  =   Ni  +  V /4 .8   +  Fe/7.1  + 

C u / 1 . 2 3 ) ,   a  C o n r a d s o n   ca rbon   r e s i d u e   value  g r e a t e r   than.  a b o u t  

1.0,  and  a  vanad ium  c o n t e n t   of  at  least   1.0  ppm.  The  f e e d s t o c k s  

for  which  the  method  of  this  i n v e n t i o n   is  p a r t i c u l a r l y   useful   will 

have  a  heavy  metal  c o n t e n t   of  at  least  about   5  ppm  of  n i c k e l  

e q u i v a l e n t s ,   a  vanad ium  c o n t e n t   of  at  least  2.0.  The  g r e a t e r   t h e  

heavy  metal  c o n t e n t ,   the  g r e a t e r   the  p r o p o r t i o n   of  vanad ium  in  t h a t  

heavy  metal  c o n t e n t ,   and  the  h i g h e r   the  C o n r a d s o n   carbon  c o n t e n t  

of  the  material   boiling  above  1025°F,  the  more  a d v a n t a g e o u s   is  t h e  



inc reased   high  pore   volume  solid  s o r b e n t   material   of  this  i n v e n t i o n  

with  and  w i thou t   metal  add i t i ve s   and  use  t h e r e o f   as  h e r e i n  

p r o v i d e d .  

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

demetal l iza t ion  and  u p g r a d i n g   t r e a t m e n t   by  the  method  of  t h e  

invent ion  i nc ludes   a  f rac t ion   of  c rude   oil  compr i s ing   70%  or  more  o f  

a  650°F+  mater ia l   hav ing   a  res id   f rac t ion   g r e a t e r   than  20%  b o i l i n g  

above  1025°F  at  a t m o s p h e r i c   p r e s s u r e ,   a  metals  con t en t   of  g r e a t e r  
than  5.5  ppm  nickel  e q u i v a l e n t s   of  which  at  least   5  ppm  is  

vanad ium,   a  v a n a d i u m   to  nickel  atomic  ratio  of  at  least   1.0,  and  a 
Conradson   ca rbon   r e s i d u e   g r e a t e r   than  4.0.  This  i d e n t i f i e d  

res idual   oil  feed  may  also  have  a  h y d r o g e n   to  carbon   ratio  of  l e s s  

than  about   1.8  and  coke  p r e c u r s o r s   in  an  amount   su f f i c i en t   to  y i e l d  

about   4  to  14%  or  g r e a t e r   coke  by  weight   based   on  f resh   f e e d .  

Sodium  v a n a d a t e s   have  low  melting  points   and  may  also  flow 

and  cause  p a r t i c l e   coa le scence   in  a  similar  manner   to  v a n a d i u m  

pen tox ide .   A l t h o u g h   it  is  de s i r ab l e   to  maintain  low  sodium  levels  in  

the  feed  in  o r d e r   to  minimize  coa le scence ,   as  well  as  to  a v o i d  

sodium  v a n a d a t e s   on  the  s o r b e n t ,   the  metal  a d d i t i v e s   of  the  p r e s e n t  

invent ion  are  also  e f fec t ive   in  forming  c o m p o u n d s ,   al loys,   o r  

complexes  with  sodium  v a n a d a t e s   so  as  to  p r e v e n t   these   c o m p o u n d s  

from  melting  and  f l o w i n g .  

With  r e s p e c t   to  the  t o l e rance   levels  of  heavy   metals  on  t h e  

high  pore  volume  s o r b e n t   i t se l f ,   such  metals  may  accumula te   on  t h e  

so rben t   to  levels  in  the  r ange   of  from  about   3,000  to  70,000  ppm  of  

total  metals,   and  more  usua l ly   to  high  levels  in  the  r a n g e   of  1 0 , 0 0 0  

to  30,000  ppm,  of  which  a  large  p r o p o r t i o n   t h e r e o f   is  v a n a d i u m .  

The  demeta l l i z ing   d e c a r b o n i z i n g   and  h y d r o t h e r m a l   v i s b r e a k i n g  

process   of  the  i n v e n t i o n   will  p roduce   large  amounts   of  coke  i n i t i a l l y  



depos i t ed   as  h y d r o c a r b o n a c e o u s   mater ia l   in  amounts   up  to  14 

p e r c e n t   by  weight   based   on  the  we igh t   of  f resh   feed.  T h i s  

c a r b o n a c e o u s   material   depos i t   often  r e f e r r e d   to  as  coke  is  laid  down  

on  the  s o r b e n t   pa r t i c l e   material   in  amounts   in  the  range  of  a b o u t  

0.3  to  3  p e r c e n t   by  weight   of  s o r b e n t ,   d e p e n d i n g   upon  the  s o r b e n t  

to  oil  ratio  (weight   of  s o r b e n t   to  we igh t   of  f e e d s t o c k )   employed  in 

the  demeta l l iz ing  and  d e c a r b o n i z i n g   zone  such  as  a  r iser   c o n t a c t  

zone.  The  s e v e r i t y   of  the  thermal   v i s b r e a k i n g   opera t ion   af fec ted   in 

the  p r e sence   of  steam  a n d / o r   wate r   should  be  suf f ic ien t ly   low 

howeve r ,   so  that   thermal   c o n v e r s i o n   of  the  feed  to  gasoline  a n d  

l igh te r   p r o d u c t s   is  kept   r e l a t ive ly   low  and  p r e f e r a b l y   below  20 

volume  p e r c e n t .   Even  at  these   low  levels  of  conve r s ion   s e v e r i t y ,  

w h e t h e r   thermal   a n d / o r   some  c a t a l y t i c ,   the  h y d r o t h e r m a l  

v i s b r e a k i n g   p r o c e s s   is  e f fec t ive   for  r e d u c i n g   the  Conradson   c a r b o n  

value  of  the  feed  at  least   20  p e r c e n t ,   p r e f e r a b l y   in  the  r ange   of  40 

to  70  p e r c e n t ,   and  r e d u c e   the  heavy  metals  c o n t e n t   of  the  r e s i d u a l  

oil  feed  by  at  least   50  p e r c e n t   and  p r e f e r a b l y   in  the  range   of  75  t o  

90  p e r c e n t .  

The  high  boiling  feed  to  be  demeta l l ized   and  deca rbon i zed   b y  

the  s o r b e n t   material   of  this  i nven t ion   is  i n t r o d u c e d   in  o n e  

embodiment   into  a  bottom  por t ion   of  a  r i s e r   reac t ion   zone  u n d e r  

condi t ions   to  form  a  s u s p e n s i o n   with  hot  s o r b e n t   pa r t i cu l a t e   m a t e r i a l  

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

inven t ion .   Steam,  n a p h t h a ,   w a t e r ,   flue  gas  a n d / o r   some  o t h e r  

sui table   d i luen t   mater ia l   such  as  n i t r o g e n   or  carbon  dioxide  is  

i n t r o d u c e d   s e p a r a t e l y   to  the  r i s e r   or  along  with  the  high  b o i l i n g  

feed  to  aid  atomized  and  v a p o r i z e d   con tac t   of  the  feed  with  t h e  

solids  s o r b e n t   p a r t i c u l a t e   material   and  form  a  f lu id izable   s u s p e n s i o n  

t h e r e w i t h .   These   d i luen ts   may  be  from  a  f r e sh   source  or  may  b e  

recycled   as  p u r i t y   permi ts   from  a  p r o c e s s   s t ream  of  a  r e f i n e r y  

opera t ion   in  assoc ia t ion   t h e r e w i t h .  



Where  recyc le   d i luen t   s t r e a m s   are  used ,   they  may  c o n t a i n  

hyd rogen   su l f ide   and  o ther   s u l f u r   compounds  which  may  h e l p  

pass iva te   a d v e r s e   ca ta ly t ic   ac t iv i ty   by  heavy  metals  a ccumula t i ng   on  
the  s o r b e n t   mater ia l .   It  is  to  be  u n d e r s t o o d   tha t   wate r   may  b e  

in t roduced   e i the r   as  a  liquid  or  as  steam.  In  the  i n t e r e s t   of  

energy  c o n s e r v a t i o n ,   the  water   is  p r e f e r a b l y   i n t r o d u c e d   as  a  l i q u i d .  

Water  is  added   pr imar i ly   as  a  source  of  vapor   for  d i s p e r s i n g  
the  feed  in  int imate  con tac t   with  s o r b e n t   p a r t i c l e s ,   for  r e d u c i n g   t h e  

oil  par t ia l   p r e s s u r e   and  for  a c c e l e r a t i n g   the  feed  and  s o r b e n t  

formed  s u s p e n s i o n   to  achieve  the  vapor   velocity  and  h y d r o c a r b o n  
res idence   time  de s i r ed   in  a  r i s e r   con t ac t   z o n e .  

As  the  high  boiling  feed  t rave ls   up  the  r i s e r   u n d e r  

v i s b r e a k i n g   cond i t ions   he re in   spec i f i ed ,   it  forms  four  p r o d u c t s  

known  in  the  i n d u s t r y   as  dry  gas ,   wet  gas,   n a p h t h a   and  a  h i g h  

boiling  demeta l l i zed   and  d e c a r b o n i z e d   oil  p r o d u c t   su i tab le   as  for  u s e  

as  feed  to  a  r e d u c e d   c rude   or  c r a c k i n g   opera t ion   or  in  some  c a s e s  

the  feed  may  be  su i tab le   c h a r g e d   to  a  convent iona l   FCC  o p e r a t i o n .  

At  the  u p p e r   end  or  d i s c h a r g e   end  of  the  r i s e r ,   the  s o r b e n t  

part icles   are  p r e f e r a b l y   quickly   s e p a r a t e d   from  p r o d u c t   vapors   to  

minimize  thermal   c r a c k i n g   and  ca t a ly t i c   to  the  ex t en t   p r e s e n t .   T h e  

solid  s o r b e n t   pa r t i c l e s   which  contain   metals  and  c a r b o n a c e o u s  

deposits   formed  in  the  r i se r   con tac t   zone  are  sent   to  a  r e g e n e r a t o r  

operat ion  to  bu rn   off  the  c a r b o n a c e o u s   depos i t s .   The  s e p a r a t e d  

p roduc t   v a p o r s   are  normally  sent   to  a  f r a c t i o n a t o r   for  s e p a r a t i o n   t o  

provide  the  four  bas ic   p r o d u c t s   above   i d e n t i f i e d .  

The  p r e f e r r e d   condi t ions   for  con tac t ing   feed  and  s o r b e n t   in  

the  r i se r   are  summar ized   in  Table  C,  in  which  the  a b b r e v i a t i o n s  

used  have  the  following  mean ings :   "Temp."   for  t e m p e r a t u r e ,   " D i l . "  

for  d i l u e n t ,   "pp"  for  par t ia l   p r e s s u r e ,   "wgt"  for  we igh t ,   "V"  f o r  

vapor.  " R e s . "   for  r e s i d e n c e ,   "S /O"   for  s o r b e n t   to  oil  r a t i o s ,  



"sorb .   f o r   s o r b e n t ,   "bbl"  for  b a r r e l ,   "MAT"  for  m i c r o a c t i v i t y   b y  

the  MAT  test   us ing   a  s t a n d a r d   Davison  f e e d s t o c k ,   "Vel ."   f o r  

ve loc i ty ,   "cge"  for  c h a r g e ,   "d"  for  dens i ty   and  " R e g . "   f o r  

r e g e n e r a t e d .  

In  t r ea t ing   c a rbo -me ta l l i c   con ta in ing   oil  f e e d s t o c k s   in 

a cco rdance   with  the  p r e s e n t   i n v e n t i o n ,   the  r e g e n e r a t i n g   gas  may  b e  



any  gas  which  can  p r o v i d e   oxygen   to  c o n v e r t   c a r b o n a c e o u s   d e p o s i t s  

to  carbon   oxides .   The  amount   of  oxygen   in  the  r e g e n e r a t i o n   g a s  

r e q u i r e d   per  pound  of  coke  for  combus t ion   depends   upon  t h e  

ca rbon   dioxide  to  ca rbon   monoxide  rat io  des i r ed   in  the  e f f luen t   f l u e  

gases   and  upon  the  amount   of  o ther   ox id izable   mater ials   p r e s e n t   i n  

the  coke,  such  as  h y d r o g e n ,   s u l f u r ,   n i t r o g e n   and  o ther   e l e m e n t s  

capable   of  forming  ga seous   oxides  at  r e g e n e r a t o r   t e m p e r a t u r e  
c o n d i t i o n s .  

The  r e g e n e r a t o r   for  the  solid  s o r b e n t   p a r t i c u l a t e   material   is  

o p e r a t e d   at  t e m p e r a t u r e s   in  the  r ange   of  about   1000°F  up  t o  

1600°F,  p r e f e r a b l y   1150  to  about   1400°I'  or  1500°F  to  a c h i e v e  

combus t ion   of  c a r b o n a c e o u s   depos i t s   while  keeping  s o r b e n t  

t e m p e r a t u r e s   below  tha t   at  which  s i g n i f i c a n t   s o r b e n t   d e g r a d a t i o n  

can  occur .   In  o rde r   to  cont ro l   the  ra te   of  b u r n i n g   which,   in  t u r n ,  

can  be  cont ro l led   at  least   in  pa r t   by  re la t ive   amounts   of  o x i d i z i n g  

gas  employed  and  c a r b o n a c e o u s   mater ial   i n t r o d u c e d   into  t h e  

r e g e n e r a t i o n   zone  per  uni t   of  time.  The  rate  of  i n t r o d u c i n g  

c a r b o n a c e o u s   material   into  the  r e g e n e r a t o r   is  cont ro l led   b y  

r e g u l a t i n g   the  rate  of  flow  or  s o r b e n t   t h e r e t o ;   the  rate  of  r e m o v a l  

of  r e g e n e r a t e d   s o r b e n t   is  cont ro l led   and  the  rate  of  i n t r o d u c i n g  

ox id iz ing   gas  is  c o n t r o l l e d .   These   p a r a m e t e r s   may  be  r e g u l a t e d  

such  that  the  ratio  of  ca rbon   dioxide  to  ca rbon   monoxide  in  t h e  

e f f l uen t   gases  is  less  than  about   4.0  and  p r e f e r a b l y   less  than  a b o u t  

1.5  or  less  so  that   the  flue  gas  is  CO  r ich.   In  add i t ion ,   w a t e r ,  

e i the r   as  liquid  or  s team,   may  be  added  to  the  r e g e n e r a t o r   to  h e l p  

cont ro l   t e m p e r a t u r e s   t h e r e i n   and  to  in f luence   CO  p r o d u c t i o n   i n  

p r e f e r e n c e   to  carbon  d iox ide .   On  the  o ther   hand ,   only  a  po r t ion   o f  

the  s e p a r a t e d   s o r b e n t   mater ial   may  be  p a s s e d   to  the  r e g e n e r a t o r  

with  the  remain ing   po r t ion   t he r eo f   r ecyc l ed   d i rec t ly   to  the  r i s e r  

r e a c t o r   following  high  t e m p e r a t u r e   s t r i p p i n g   In  a d m i x t u r e   w i t h  

r e g e n e r a t e d   p a r t i c u l a t e   mater ial   passed   to  the  r i s e r .  



The  r e g e n e r a t o r   c a r b o n a c e o u s   material   combust ion   reac t ion   i s  

c a r r i ed   out  so  that   the  amount   of  ca rbon   remain ing   on  r e g e n e r a t e d  

s o r b e n t   is  less  than  about   0.50  and  p r e f e r a b l y   less  than  about   0 . 2 5  

p e r c e n t   on  a  s u b s t a n t i a l l y   m o i s t u r e - f r e e   weight   b a s i s .  

When  a  metal  addi t ive   is  p rov ided   with  the  solid  s o r b e n t  

material   it  is  i n t r o d u c e d   as  an  aqueous   or  h y d r o c a r b o n   solution  o r  

as  a  volatile  compound  du r ing   the  p r o c e s s i n g   cycle.   It  may  b e  

added  at  any  point   of  s o r b e n t   t ravel   in  the  p r o c e s s i n g   s y s t e m .  
This  would  inc lude ,   but  not  be  limited  to  the  addi t ion   of  the  meta l  

addi t ive   to  a  bottom  por t ion   of  the  r i se r   r eac to r   along  the  r i s e r  

r eac to r   l eng th   to  a  dense   bed  of  solids  in  a  col lector   vessel   a b o u t  

the  u p p e r   end  of  the  r i s e r ,   to  the  s t r i p p e r s   p rov ided   in  t h e  

sys tem,   to  the  r e g e n e r a t o r   air  inlet ,   s e p a r a t e l y   to  the  r e g e n e r a t o r  
bed  of  sol ids ,   and  to  the  r e g e n e r a t e d   s o r b e n t   s t a n d p i p e .  

The  high  pore  volume  s o r b e n t   material   of  this  inven t ion   w i t h  

or  wi thout   the  metal  addi t ive   is  c h a r g e d   for  use  in  a  h y d r o t h e r m a l  

v i s b r e a k i n g   ope ra t ion   as  here in   d e s c r i b e d   in  the  absence   of  a d d e d  

molecular   h y d r o g e n .  

R e f e r r i n g   now  to  Figure   1  by  way  of  example ,   s o r b e n t   p a r t i c l e  

c i rcu la t ion   and  o p e r a t i n g   p a r a m e t e r s   are  b r o u g h t   up  to  p r o c e s s  

condi t ions   by  methods   wel l -known  to  those  skilled  in  the  ar t .   T h e  

high  t e m p e r a t u r e   s o r b e n t   material   of  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  

in  the  r ange   of  1150-1400°F  con tac t s   the  high  boiling  r e s idua l   oil 

feed  c h a r g e d   in  a  bottom  or  u p p e r   por t ion   of  the  r i se r   r e a c t o r  

d e p e n d i n g   on  con tac t   time  d e s i r e d   t h e r e i n .   A  f lu id iz ing   gas  may  

init ially  s u s p e n d   the  s o r b e n t   solids  before   con tac t   with  c h a r g e d   oil 

feed.  The  oil  feed  is  d i s p e r s e d   with  a  d i l uen t ,   s team,  w a t e r ,   f l u e  

gas  or  a  combinat ion  t he reo f   in jec ted   at  point   2.  Water  a n d / o r  

n a p h t h a   may  be  init ially  in jected  as  r e q u i r e d   at  point   3  to  s u s p e n d  

solids  and  aid  in  feed  v a p o r i z a t i o n ,   so rben t   f lu id iza t ion   a n d  



cont ro l l ing   con tac t   time  of  a  formed  su spens ion   of  solids  a n d  

gasiform  mater ia l   in  a  bottom  initial  por t ion   of  r i ser   4.  The  s o r b e n t  

and  ga s i fo rm  material   compr is ing   v a p o r o u s   and  u n v a p o r i z e d   h i g h  

boiling  h y d r o c a r b o n s   t ravel   up  t h r o u g h   r i ser   4  for  a  con tac t   t ime 

r e s t r i c t e d   to  within  the  range   of  0 .1-5   s econds ,   p r e f e r a b l y   0 . 5 - 3  

seconds   or  w h a t e v e r   is  r e q u i r e d   to  achieve  des i red   d e m e t a l l i z a t i o n  

and  d e c o k i n g   in  the  absence   of  s u b s t a n t i a l   thermal  a n d / o r   me ta l s  

conve r s ion   of  cha rged   oil.  The  so rben t   c o m p r i s i n g  

h y d r o c a r b o n a c e o u s   and  metal  depos i t s   is  rapidly  s e p a r a t e d   f rom 

vaporous   h y d r o c a r b o n s   at  the  r i s e r   out let   6  at  a  t e m p e r a t u r e   in  t h e  

range  of  900-1100°F.   A  gas i form  material  compris ing   v a p o r o u s  
h y d r o c a r b o n s ,   s team,  wet  and  dry  gaseous   materials  pass  t h r o u g h  

one  or  more  cyclones   such  as  a  m u l t i - s t a g e   cyclone  r e p r e s e n t e d   b y  

cyclone  7  whe re in   en t r a ined   s o r b e n t   pa r t i c les   are  s e p a r a t e d   a n d  

r e c o v e r e d   by  d ip legs   p rov ided   with  the  gasiform  material   c o m p r i s i n g  

h y d r o c a r b o n   v a p o r s   being  sent   to  a  f r a c t i o n a t o r   (not  shown)   v ia  

t r a n s f e r   line  8.  The  s o r b e n t   par t ic le   material  c o m p r i s i n g  

h y d r o c a r b o n a c e o u s   material   decompos i t ion   p roduc t s   of  the  f eed  

components   boil ing  above  1025°F  and  metal  deposi ts   are  collected  a s  

a  d o w n w a r d l y   flowing  fluid  bed  of  solids  c o u n t e r c u r r e n t   to  s t r i p p i n g  

gas  i n t r o d u c e d   by  21  to  s t r i p p e r   10  for  f u r t h e r   removal  of  a n y  
e n t r a i n e d   or  formed  h y d r o c a r b o n   vapors   before  all  or  a  p o r t i o n  

thereof  is  p a s s e d   to  a  r e g e n e r a t o r   vessel   11  to  form  a  d e n s e  

f luidizrd  bed  of  solid  12  to  be  r e g e n e r a t e d .   An  oxygen  c o n t a i n i n g  

gas  such  as  air  with  or  wi thou t   oxygen   en r i chmen t   or  c a r b o n  

dioxide  mixed  with  an  oxygen   c o n t a i n i n g   gas  is  admi t ted   to  t h e  

dense  fluid  bed  of  solids  12  in  r e g e n e r a t i o n   vessel  11  m a i n t a i n e d  

under   c o n d i t i o n s   to  burn   c a r b o n a c e o u s   depos i t s   and  form  c a r b o n  

o x i d e s   and  o the r   combust ion  p r o d u c t s   as  herein   i den t i f i ed .   T h e  

r e s u l t i n g   flue  gas  which  m a y  o r   may  not  be  CO  r ich,   d e p e n d i n g   on  

the  o p e r a t i o n   se lec ted   is  p r o c e s s e d   t h r o u g h   cyclones  22  and  e x i t s  

from  r e g e n e r a t o r   vessel   11  via  line  23.  The  r e g e n e r a t e d   sol id 

so rben t   p a r t i c u l a t e   con ta in ing   less  than  0.5  weight   p e r c e n t   c a r b o n  



is  t r a n s f e r r e d   to  s t r i p p e r   15  for  removal  as  r e q u i r e d   of  a n y  
e n t r a i n e d   combus t ib le   gases   and  before   t r a n s f e r   to  a  bottom  p o r t i o n  

of  the  r i se r   via  line  16  to  r e p e a t   the  cycle.   The  r e g e n e r a t e d   s o l i d s  

may  also  be  s t r i p p e d   in  the  wi thdrawal   well  in  the  u p p e r   port ion  of  

bed  12  by  means  not  s h o w n .  

In  one  embodiment   of  this  i n v e n t i o n ,   a  port ion  of  t he .  

r e c o v e r e d   solid  s o r b e n t   material   con tamina ted   w i t h  

h y d r o c a r b o n a c e o u s   material   and  metal  depos i t s   may  bypas s   t h e  

r e g e n e r a t o r   vessel   t h r o u g h   condui t   42  for  recycle  to  the  r i s e r  

r e a c t o r   following  high  t e m p e r a t u r e   s t r i p p i n g   thereof   in  a d m i x t u r e  

with  hot  f r e sh ly   r e g e n e r a t e d   c a t a ly s t .   This  method  of  o p e r a t i o n  

may  be  relied  upon  to  r educe   the  r e g e n e r a t e d   ca ta lys t   t e m p e r a t u r e  

as  well  as  effect   f u r t h e r   high  t e m p e r a t u r e   v i s b r e a k i n g   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   ma te r i a l s .   It  is  even  con templa ted   r e m o v i n g  

some  c a r b o n a c e o u s   depos i t s   by  r e ac t i ng   with  a  C02  rich  gas  in  s u c h  

a  zone  between  the  r e g e n e r a t o r   and  r i ser   r e a c t o r .  

The  b y p a s s   of  the  r e g e n e r a t o r   as  above  ident if ied  may  be  u s e d  

to  reduce   vanadium  ox ida t ion ,   to  i nc rease   thermal  decomposi t ion   o f  

liquid  h y d r o c a r b o n s   as  well  as  r educe   r e g e n e r a t i o n   t e m p e r a t u r e s   b y  

r e d u c i n g   the  amount  of  c a r b o n a c e o u s   depos i t s   c h a r g e d   to  t h e  

r e g e n e r a t o r .   Other   a d v a n t a g e s   will  be  a p p a r e n t   to  those  skilled  in 

the  a r t .  

In  a  p a r t i c u l a r   embodiment   it  is  des i r ab le   in  r e g e n e r a t i o n   o f  

the  s o r b e n t   material   to  effect  combus t ion   of  c a r b o n a c e o u s   d e p o s i t s  

su f f i c i en t   to  p rov ide   a  solid  s o r b e n t   pa r t i c le   con ta in ing   less  t h a n  

0.2  weight   p e r c e n t   carbon  and  p r e f e r a b l y   less  than  0.10  w e i g h t  

p e r c e n t   c a r b o n .  

At  such  time  that   the  metal  level  on  the  s o r b e n t   b e c o m e s  

in to l e r ab ly   high  such  that  s o r b e n t   e f f e c t i v e n e s s   d rops   to  a n  



u n d e s i r e d   low  level  or  a  des i red   equ i l ib r ium  condi t ions  is  e x c e e d e d ,  

addi t ional   s o r b e n t   material   can  be  added   to  replace  d e a c t i v a t e d  

so rben t   w i t h d r a w n   by  condui t s   42  and  43.  Points  18  and  19  can  b e  

util ized  to  add  v i rg in   s o r b e n t s   with  or  w i thou t   metal  add i t i ve s .   I n  

the  case  of  a  v i rg in   s o r b e n t   p r e p a r e d   wi thou t   add i t ive ,   the  m e t a l  

addi t ive   as  an  a q u e o u s   solution  or  as  an  o rgano-meta l l i c   c o m p o u n d  

in  aqueous   or  h y d r o c a r b o n   so lvents   can  be  added  at  points   18  a n d  

19,  as  well  as  at  addi t ion   points  2  and  3  on  feed  line  1,  a d d i t i o n  

points  20  and  202  in  r i ser   4  and  addi t ion   point  near  the  bottom  of  

vessel  5  may  also  be  employed  for  this  p u r p o s e .   The  addi t ion   o f  

the  metal  add i t i ve   is  not  limited  to  these   locat ions ,   but  can  b e  

i n t roduced   at  any  point   in  the  o i l / s o r b e n t   p r o c e s s i n g   cycle.  I n l e t  

condui ts   20  and  201  are  also  for  the  p u r p o s e   of  adding  feed  to  b e  

demetal l ized  and  d e c a r b o n i z e d   to  obtain  d i f f e r e n t   contact   times  in  

the  r i s e r .  

Examples  of  Addi t ive  A d d i t i o n  

This  a p p l i c a t i o n   de sc r ibe s   a  new  and  novel  app roach   t o  

o f f se t t ing   the  a d v e r s e   effects   p a r t i c u l a r l y   of  vanadium  pen tox ide   b y  

the:  use  of  la rge   pore  volume  clay  s o r b e n t   material  with  or  w i t h o u t  

one  or  more  se lect   added   metals  herein   i den t i f i ed ,   as  their   oxides  o r  

their  salts  as  d i s c u s s e d   above.   These   metal  add i t ives   s e r v e  

p a r t i c u l a r l y   to  immobilize  vanadia  by  c r e a t i n g   complexes ,   c o m p o u n d s  

or  alloys  of  vanad ia   having  melting  points   which  are  h ighe r   t h a n  

the  t e m p e r a t u r e s   e n c o u n t e r e d   in  the  r e g e n e r a t i o n   zone.  T h e s e  

metal  a d d i t i v e s   based   on  the  metal  e lement   conten t   of  the  s o r b e n t  

may  be  used  in  c o n c e n t r a t i o n s   in  the  r a n g e   of  from  about   0.5  to  25 

p e r c e n t ,   more  p r e f e r a b l y   about  1  to  8  p e r c e n t   by  weight   of  v i r g i n  

s o r b e n t .   When  add ing   the  one  or  more  immobilizing  metals  d u r i n g  

the  v i s b r e a k i n g   o p e r a t i o n ,   the  metal  e lements   may  be  built   up  to  a 

much  h i g h e r   c o n c e n t r a t i o n   as  equ i l ib r ium  s o r b e n t   material  and  b e  

maintained  at  a  d e s i r e d   level  by  s o r b e n t   r e p l a c e m e n t .  



The  s o r b e n t   mater ial   which  may  be  employed   acco rd ing   to  t h i s  

i n v e n t i o n   inc lude  clay  solids  of  little  or  no  ca ta lyt ic   a c t i v i t y  

p r o v i d i n g   a  pa r t i c l e   pore  volume  of  at  least   0.4  cc/g  and  m a y  
inc lude   some  ca t a ly t i ca l ly   spen t   c r a c k i n g   c a t a l y s t s .   However ,   c l a y s  

p r e p a r e d   in  a c c o r d a n c e   with  this  i nven t ion   which  are  c o n s i d e r e d  

r e l a t ive ly   inert   b e c a u s e   of  low  ac t iv i ty   c a t a ly t i c a l l y   below  about   20 

MATS  are  employed  with  some  deg ree   of  p r e f e r e n c e .   Clays  s u i t a b l e  

for  this  p u r p o s e   include  b e n t o n i t e ,   kaol in,   m o n t m o r i l l o n i t e ,  

s m e c t i t e s ,   and  o ther   2 - l aye red   lamellar  s i l i ca t e s ,   mullite,   p u m i c e ,  

si l ica,   l a t e r i t e ,   and  combina t ions   of  one  or  more  of  these  of  l i ke  

ma te r i a l s .   The  s u r f a c e   area  of  these   s o r b e n t s   are  a l te red   d u r i n g  

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

the  pore  volume  t h e r e o f   to  at  least  0.4  cc /g   or  g r e a t e r   than  0 . 5  

cc /g   and  p r e f e r a b l y   the  clays  have  a  m i c r o - a c t i v i t y   value  a s  

m e a s u r e d   by  the  ASTM  Test  Method  No.  D3907-80  of  below  20 .  

As  one  example  of  addi t ive   i n v o l v e m e n t ,   t e t r a i s o p r o p y l t i t a n a t e  

( T P T )   was  mixed  with  a  heavy  gas  oil  (HGO)  to  form  a  solution  o f  

1  pa r t   TPT  to  1  par t   HGO.  This  solut ion  was  added   to  the  oil  f e e d  

line  to  the  r i se r   in  an  amount  su f f i c i en t   to  yield  1  par t   t i tanium  b y  

weight   to  1  par t   vanad ium  in  the  feed.   The  oil  feed  cha rged   to  t h e  

r i se r   was  a  r e d u c e d   c rude   p r o c e s s e d   at  600,000  lbs.  per  day  with  a 

vanadium  con ten t   of  20  ppm.  Based  on  the  vanad ium  conten t   a n d  

the  molecular   weight   of  the  TPT,   this  equa ted   to  add ing   420  Ihs.  o f  

TPT  per  day  to  600,000  lbs.  of  r e d u c e d   c rude   feed  per  d a y .  

The  r e s u l t s   of  add ing   TPT  to  the  s o r b e n t   are  shown  in  F i g u r e  

2.  S o r b e n t   samples  at  v a r y i n g   vanadium  levels   were  taken  d u r i n g  

two  p r o c e s s   pe r iods   (dots   and  X's)   when  the  addi t ive   of  t h e  

i nven t ion   was  not  u t i l ized ,   and  similar  samples   were  taken  d u r i n g  

add i t i ve   addi t ion  ( b o x e s ) .   These   samples  were  then  sub j ec t ed   t o  

the  c lumping  test  d e s c r i b e d   below  to  de t e rmine   the  f low 

c h a r a c t e r i s t i c s   of  vanadia   con ta in ing   s o r b e n t   p a r t i c l e s .   The  v a n a d i a  



conta in ing   s o r b e n t   samples  were  placed  in  ind iv idua l   c e r a m i c  

c ruc ib l e s ,   dr ied  and  ca lc ined  at  1400°F  in  air  for  two  hou r s .   T h e  

c ruc ib les   were  cooled  to  room  t e m p e r a t u r e .   Vanad ia ,   while  liquid  a t  

ope ra t ing   t e m p e r a t u r e   (1400°F) ,   will  flow  ac ross   the  s o r b e n t   s u r f a c e  

and  cause  s o r b e n t   pa r t i c l e   coalescence  when  cooled  down  below  t h e  

sol idif icat ion  point .   The  degree   of  coa lescence   shown  in  Figure   2  is  

a  visual  and  mechan ica l   est imation  of  pa r t i c l e   fus ion ,   n a m e l y ,  

flowing  ---   no  change   in  flow  c h a r a c t e r i s t i c s   be tween   virgin  s o r b e n t  

and  used  s o r b e n t ;   soft   ---   s u b s t a n t i a l l y   all  of  used  s o r b e n t   f r e e  

flowing  with  a  small  amount   of  clumps  easily  c r u s h e d   to  obtain  f r e e  

flowing  s o r b e n t ;   i n t e r m e d i a t e   ---   free  flowing  s o r b e n t   c o n t a i n i n g  
both  free  flowing  p a r t i c l e s   and  fused  masses  in  a p p r o x i m a t e l y   a  1 : 1  

ratio;   and  hard   - - -   s u b s t a n t i a l l y   all  of  the  s o r b e n t   pa r t i c l e s   f u s e d  

into  a  hard  mass  with  ve ry   few  free  flowing  p a r t i c l e s .  

The  s o r b e n t   of  F igure   2  was  used  in  the  t r e a t m e n t   of  a 

r educed   c rude   no  lower  vanad ium  and  C o n r a d s o n   carbon   va lues .   In  

two  e x t e n d e d   r uns   of  a p p r o x i m a t e l y   30  days  (dots   and  X's) ,   t h e  

so rben t   pa r t i c l e s   began   to  show  coalescence   p r o p e r t i e s   at  v a n a d i u m  

levels  of  10,000  ppm,  and  by  20,000  ppm  had  showed  c o a l e s c e n c e  

into  a  hard  mass  (loss  of  f luidizat ion  p r o p e r t i e s ) .   in  the  t h i r d  

period  ( b o x e s ) ,   the  add i t i ve   TPT  was  added  d u r i n g   the  p r o c e s s i n g  

cycle  to  a  h y d r o c a r b o n   solut ion  of  gas  oil  as  d i s c u s s e d   above.   T h i s  

addi t ive   pe rmi t t ed   o p e r a t i o n   in  the  20,000  to  25,000  ppm  level  o f  

vanadium  wi thou t   any  loss  in  f lu id iza t ion   t h r o u g h   p a r t i c l e  

c o a l e s c e n c e .  

Another   example  of  a  metal  addi t ive   i den t i f i ed   above  was  t h e  

use  of  m e t h y l c y c l o p e n t a d i e n y l   manganese   T r i c a r b o n y l   (MMT).  Two  

drums  of  this  mater ia l   were  added  over  a  two  hour   per iod  to  a t  

least  par t ia l ly   immobilize  the  vanadium  on  the  s o r b e n t .   Each  d r u m  

weighed  410  lbs.  and  conta ined   25  wt%  MMT  in  a  h y d r o c a r b o n  

so lvenl .   Based  on  a  manganese   c o n c e n t r a t i o n   of  28.3  wt%  Mn  i n  



MMT  and  a  c i r c u l a t i n g   s o r b e n t   i n v e n t o r y   of  42  tons ,   a p p r o x i m a t e l y  

700  ppm  Mn  was  depos i t ed   on  the  s o r b e n t .   The  MMT  add i t ions   a l s o  

improved   the  c i r c u l a t i n g   e f f ic iency  of  the  s o r b e n t   by  r e d u c i n g  

par t i c le   c o a l e s c e n c e .  

In  a  f lu idized  solids  sys tem  r e p r e s e n t e d   by  Figure   1,  the  r a t e  

of  metals  build  up  on  the  c i r c u l a t i n g   s o r b e n t   is  a  funt ion  of  m e t a l s  

in  the  feed,  the  s o r b e n t   c i r cu l a t i ng   i n v e n t o r y ,   the  s o r b e n t   a d d i t i o n  

and  wi thdrawal   r a t e s ,   the  s o r b e n t   to  oil  ratio  and  the  s o r b e n t   p o r e  
volume.  F igu re s   3  and  4  give  the  ra te   of  metal  bu i ldup  on  a 

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

and  wi thdrawal   rate   and  v a r y i n g   metals  c o n t e n t   in  the  feed.  T h e s e  

f i g u r e s   show  that   for  feed  metals  levels   of  20-70  ppm,  total  m e t a l  

levels   on  the  s o r b e n t   equ i l i b r a t e   a f t e r   about   90-150  d a y s .  

T h e r e a f t e r ,   the  metals  level  on  s o r b e n t   r emains   c o n s t a n t   with  t i m e .  

By  ut i l iz ing  t heses   f i g u r e s ,   or  similar  f i g u r e s   that   can  be  d e v e l o p e d  

for  h i g h e r   metals  levels  and  h ighe r   p o r o s i t y   material   (pore  v o l u m e )  

addi t ion  ra tes   and  p r e s e l e c t e d   c i r c u l a t i n g   i n v e n t o r i e s ,   the  r e q u i r e d  

c o n c e n t r a t i o n s   of  the  metal  add i t i ve s   p r o v i d e d   with  the  s o r b e n t  

material   can  be  de t e rmined   so  as  to  yield  a  p r e f e r r e d   minimum 

atomic  ratio  of  metal  add i t ive   to  vanad ium  c o n t e n t .  

For  example ,   in  F igure   3,  this  p a r t i c u l a r   unit   has  9,000  l b s .  

of  s o r b e n t   i n v e n t o r y ,   a  s o r b e n t   add i t i on   ra te   of  1.35  l b . / b b l .   o f  

feed  per  day,   and  a  feed  rate   is  200  l b . / d a y .   Assuming   the  m e t a l s  

con ten t   is  all  vanad ium,   Curve   1  in  F i g u r e   3  would  be  ut i l ized  t o  

show  that   a f te r   150  days  of  c o n t i n u o u s   ope ra t ion   with  70  p p m  

vanadium  in  the  feed,   the  vanad ium  level  on  the  ca t a lys t   w o u l d  

equ i l i b r a t e   at  about   17,000  ppm  and  then   remain  c o n s t a n t   with  t i m e .  

T h u s ,   in  p r e p a r i n g   a  s o r b e n t   p a r t i c u l a t e   con ta in ing   a  t i t a n i a  

add i t ive ,   the  s o r b e n t   is  p r e p a r e d   such  tha t   it  will  contain  at  l e a s t  

8,500  ppm  t i tanium  to  e n s u r e   that   at  least   0.5  atomic  ratio  o f  

t i tanium  to  vanad ium  is  mainta ined   d u r i n g   use  to  immobi l ize  



depos i t ed   vanad ium.   Similar  ca lcu la t ions   can  be  pe r fo rmed   for  l o w e r  

and  h i g h e r   equ i l ib r ium  vanad ium  values   us ing  o ther   cu rves   o r  

mult iples  of  these  cu rves   (120  ppm  vanadium  on  s o r b e n t   w o u l d  

equ i l i b r a t e   at  about   30,000  ppm  u n d e r   the  condi t ions   of  F igure   3 ) .  

In  the  high  t e m p e r a t u r e   t r e a t m e n t   of  r es idua l   oil  f e e d s  

compr is ing   components   boiling  above  1025°F  and  of  v a r y i n g  
vanadium  con ten t   here in   r e f e r r e d   to  as  h y d r o t h e r m a l   v i s b r e a k i n g ,  

thermal  v i s b r e a k i n g   or  h y d r o v i s b r e a k i n g   the  rate  of  v a n a d i u m  

bui ldup  on  a  high  pore  volume  s o r b e n t   and  the  u p p e r m o s t  

p r e d e t e r m i n e d   and  se lec ted   level  of  metal  con t aminan t s   pe rmi t t ed   on  
the  solid  s o r b e n t   before   r e p l a c e m e n t   with  s o r b e n t   of  less  metals  is  a 

funct ion  of  metals  con ten t   of  the  feed  and  p a r t i c u l a r l y   the  v a n a d i u m  

conten t   of  the  feed.   A  p r e d e t e r m i n e d   u p p e r   limit  of  m e t a l  

c o n t a m i n a n t s   may  be  r e f e r r e d   to  as  equ i l ib r ium  s ta te   for  a d d i t i o n  

and  w i t h d r a w a l   ra tes   main ta ined   so  as  not  to  exceed  the  p r e s e l e c t e d  

uppe r   metals  level  for  the  s e l ec t ed   s ta te   of  equ i l ib r ium.   Table  G 

p r e s e n t s   a  typical   case  for  a  40,000  b b l / d a y   unit   in  which  t h e  

vanadium  con ten t   of  the  feed  is  var ied   from  1  ppm  up  to  25  a n d  

then  to  400  ppm.  In  o r d e r   to  r e s t r i c t   p r e s e l e c t e d   levels  o f  

vanadium  on  the  s o r b e n t   at  an  uppe r   p r e d e t e r m i n e d   e q u i l i b r i u m  

state  e q u a t e d   to  add i t ive   immobilizing  metal  and  capaci ty   of  s o r b e n t  

mater ia l ,   the  s o r b e n t   addit ion  or  r ep l acemen t   rate  can  be  varied  to  

yield  the  e q u i l i b r a t e d   vanadium  values  of  from  5,000  to  30,000  p p m .  
As  exp la ined   e l s e w h e r e ,   vanad ium  as  vanadium  pen tox ide   a n d / o r  

sodium  v a n a d a t e   on  the  s o r b e n t ,   u n d e r g o e s   melting  at  r e g e n e r a t o r  

t e m p e r a t u r e s   above  1200°F  and  flows  across   the  s o r b e n t   s u r f a c e ,  

caus ing   pa r t i c l e   fusion  and  c o a l e s c e n c e .  

Table  H  p r e s e n t s   an  economic  a d v a n t a g e   for  i n t r o d u c i n g   a n  

addi t ive   into  the  r i se r   as  an  aqueous   or  h y d r o c a r b o n   s o l u t i o n .  

Table  H  d e m o n s t r a t e s   the  economic  d i f f e ren t i a l   ( s av ings   in  $ / d a y )  

that  can  be  real ized  by  u t i l iz ing  the  add i t ives   and  ope ra t i ng   at  t h e  



30,000  ppm  level  v e r s u s   the  10,000  ppm  level  of  vanadium  on  

s o r b e n t .  

As  shown  in  Table  H,  t r e a t m e n t   of  a  f e e d s t o c k   hav ing   1  p p m  
v a n a d i u m   for  FCC  ope ra t i ons   would  show  a  s av ings   of  at  l e a s t  

$ 2 8 / d a y   with  TPT  as  the  a d d i t i v e   and  $168/day   with  t i t a n i u m  

t e t r a c h l o r i d e   as  the  add i t ive .   In  compar i son ,   t r e a t m e n t   of  a  h e a v y  

h y d r o c a r b o n   oil  conta in ing   25  to  100  ppm  vanadium  for  an  R C C  

o p e r a t i o n s   would  show  s av ings   of  $500  to  $ 2 , 0 0 0 / d a y   with  TPT  a s  
the  a d d i t i v e   and  $4,000  to  $ 2 2 , 4 0 0 / d a y   with  t i tanium  t e t r a c h l o r i d e   a s  
the  a d d i t i v e .  

The  r e g e n e r a t o r   vessel   as  d i ag rammat i ca l l y   i l l u s t r a t ed   in  F i g u r e  
1  is  a  simple  one  z o n e - d e n s e   fluid  bed  of  solids  in  a  s i n g l e  

r e g e n e r a t i o n   zone.  The  r e g e n e r a t i o n   opera t ion   of  this  invent ion   i s  

not  n e c e s s a r i l y   limited  to  the  s ingle   s tage  r e g e n e r a t i o n   o p e r a t i o n  

shown  but   can  comprise  two  or  more  s e p a r a t e   r e g e n e r a t i o n   zones  in  

s t a c k e d   or  side  by  side  r e l a t i o n s h i p ,   with  in te rna l   a n d / o r   e x t e r n a l  

c i r cu l a t i on   t r a n s f e r   lines  from  zone  to  zone.  Some  m u l t i s t a g e  

r e g e n e r a t o r   a r r a n g e m e n t s   known  in  the  pr ior   art  may  be  used  w i t h  

a d v a n t a g e   or  one  or  more  a r r a n g e m e n t s   d e s c r i b e d   in  more  detail  in 

o the r   c o p e n d i n g   appl ica t ions   may  be  used  with  p a r t i c u l a r   a d v a n t a g e .  

The  de t e rmina t i on   that  vanad ia   depos i t ed   on  a  s o r b e n t   wou ld  

flow  and  cause  coalescence   be tween   s o r b e n t   p a r t i c u l a t e   a t  

r e g e n e r a t o r   t e m p e r a t u r e s ,   and  the  se lect ion  of  those  e lements   a n d  

the i r   sal ts   which  would  p r e v e n t   this  p roce s s   were  s tud ied   by  t h r e e  

m e t h o d s ,   namely:   the  c lumping   or  lump  format ion  t e c h n i q u e ,  

vanad ia   d i f fus ion   from  or  c o m p o u n d s   formation  with  a  metal  a d d i t i v e  

in  an  a l umina -ce ramic   c ruc ib le ,   and  t h r o u g h   s p e c t r o s c o p i c   s t u d i e s  

and  d i f f e r e n t i a l   thermal  ana lyses   of  vanadia   metal  add i t ive   m i x t u r e s .  



Clumping  T e s t  

A  clay,  s p r a y   dried  to  yield  m i c r o s p h e r i c a l   p a r t i c l e s   in  the  20 

to  150  micron  size,  had  vanad ia   depos i t ed   upon  it  in  v a r y i n g  

c o n c e n t r a t i o n s .   Clay  free  of  vanad ia   and  clay  con ta in ing   v a r y i n g  

vanadia   c o n c e n t r a t i o n s   were  placed  in  ind iv idua l   ceramic  c r u c i b l e s  

and  calcined  at  1400°F  in  air  for  two  hou r s .   At  the  end  of  t h i s  

time  p e r i o d ,   the  c ruc ib les   were  w i t h d r a w n   from  the  muffle  f u r n a c e  

and  cooled  to  room  t e m p e r a t u r e .   The  su r f ace   t e x t u r e   and  f low 

c h a r a c t e r i s t i c s   of  these  samples   were  noted  and  the  r e s u l t s   a r e  

r e p o r t e d   in  Table  D.  

As  shown  in  Table  D,  the  clay  free  of  vanad ia   does  not  f o r m  

any  c r u s t   or  clumps  or  fused   p a r t i c l e s   at  t e m p e r a t u r e s   e n c o u n t e r e d  

in  the  r e g e n e r a t o r   sect ion  of  the  p roces s   d e s c r i b e d   in  t h i s  

i n v e n t i o n .   At  vanadia   c o n c e n t r a t i o n s   of  1 , 0 0 0  -   5,000  p p m ,  

c lumping  was  o b s e r v e d   but   the  c r u s t s   b ind ing   pa r t i c l e s   could  b e  

read i ly   b roken   into  free  f lowing,   c r u s t y   p a r t i c l e s .   At  v a n a d i a  

c o n c e n t r a t i o n s   above  5,000  ppm,  the  p a r t i c u l a r   low  pore  volume  c l ay  

employed  beg ins   to  clump  and  bind  badly  and  does  not  flow  at  all 

even  with  modera te   impact.   While  liquid  at  o p e r a t i n g   t e m p e r a t u r e  

man i f e s t a t i on   of  this  p h e n o m e n o n   is  d e m o n s t r a t e d   by  the  f i n d i n g  

that   when  these   coalesced  pa r t i c l e s   are  cooled  down  below  t h e i r  

so i id i f ica t ion   point   in  a  c ruc ib l e ,   or  in  an  o p e r a t i n g   unit  coo led  
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down  in  o rde r   to  faci l i ta te   e n t r a n c e   to  the  unit   for  c leaning  o u t  

p lugged   d ip legs   and  o ther   r e p a i r s ,   a  solid  mass  of  s o r b e n t   is  o f t e n  

found  which  must   be  forc ib ly   r e m o v e d .   This  phenomena   m a k e s  

p roces s   t u r n a r o u n d   l eng thy   and  complex  for  an  ope ra t i ng   uni t   a s  

this  material   must   be  ch ipped   o u t .  

Cruc ib le   Diffusion  T e s t  

An  ex t ens ion   of  tehc  lumping  test   is  the  use  of  a 

ce ramic -a lumina   c r u c i b l e   to  de te rmine   w h e t h e r   vanadia   reac ts   with  a 

given  metal  a d d i t i v e .   If  vanadia   does  not  react   with  the  m e t a l  

add i t ive   or  only  a  small  amount  of  compound  formation  occu r s ,   t h e n  

the  vanadia  d i f fuses   t h r o u g h   and  over  the  porous   alumina  walls  a n d  

depos i t s   as  a  ye l lowish  to  o range   depos i t   on  the  outs ide   wall  of  t h e  

c ruc ib le .   On  the  o the r   hand ,   when  compound   formation  o c c u r s ,  

the re   are  little  or  no  vanadia   depos i t s   formed  on  the  outs ide   of  t h e  

crucible   wall.  Two  ser ies   of  tes ts   were  p e r f o r m e d .   In  the  f i r s t  

ser ies   shown  in  Table  E,  a  1:1  m ix tu re   by  weight   of  v a n a d i a  

pen tox ide   and  the  metal  addi t ive   was  placed  in  the  c ruc ib le   a n d  

heated   to  1500°F  in  air  for  12  h o u r s .   Compound  formation  o r  

vanadia   d i f fusion  was  as  noted  in  Table  E .  



In  the  second  ser ies   of  t e s t s ,   a  vanadia   c o n t a i n i n g   m a t e r i a l  

was  t e s t ed   in  a  similar  m a n n e r .   A  one  to  one  rat io  by  weight   of 

vanadium  p e n t o x i d e   and  the  metal  add i t ive   were  hea ted   to  1500°F  in  

air  for  12  h o u r s .   The  r e s u l t s   are  shown  in  Table  F.  The  m a t e r i a l  

r e p o r t e d   in  Table  F  as  con ta in ing   24,000  ppm  vanad ia   on  clay  w i th  

no  metal  add i t ive   was  f i red  at  1500°F  and  then  s tud ied   in  a 

s c a n n i n g   e lec t ron   mic roscope   (SEM).  The  fused  pa r t i c l e s   i n i t i a l ly  

gave  a  p i c t u r e   of  fused  pa r t i c l e s .   However ,   as  the  material   w a s  

c o n t i n u o u s l y   b o m b a r d e d ,   the  fused  pa r t i c l e s   s e p a r a t e d   due  to  t h e  

heat   g e n e r a t e d   by  the  b o m b a r d i n g   e l e c t r o n s .   One  was  able  t o  

o b s e r v e   the  melt ing  and  flowing  of  vanad ia   as  the  initial  s i n g l e  

fused  pa r t i c l e s   s e p a r a t e d   into  two  or  more  d i s t i nc t   m i c r o s p h e r i c a l  

p a r t i c l e s .  

The  s tudy   of  the  capabi l i ty   of  ce r ta in   e lements   to  immobil ize 

vanadium  p e n t o x i d e   was  e x t e n d e d   by  use  of  DuPont   d i f f e r e n t i a l  

thermal   ana lys i s   (DTA) ,   x - r a y   d i f f r ac t ion   (XRD)  and  s c a n n i n g  



e lec t ron   mic roscope   (SEM)  i n s t r u m e n t s .   The  metal  a d d i t i v e s   s t u d i e d  

on  the  DTA  showed  t ha t   t i t an ia ,   bar ium  oxide ,   calcium  oxide,   t h e  

l a n t h a n i d e   s e r i e s ,   m a g n e s i u m   oxide  and  indium  oxide  all  w e r e  

exce l l en t   add i t i ves   for  the  formation  of  high  melt ing  v a n a d a t e s ,   w i t h  

melt ing  points   of  1800°F  or  h i g h e r .   Copper   gave  i n t e r m e d i a t e  

r e s u l t s   with  compound   melting  at  a p p r o x i m a t e l y   1500°F.  P o o r  

r e s u l t s   were  ob ta ined   with  mater ia ls   such  as  lead  oxide,   m o l y b d e n a ,  

tin  oxide,   chromia,   zinc  oxide,   cobalt  oxide,   cadimium  oxide  a n d  

some  of  the  rare   e a r t h s .   The  concepts   of  the  i nven t ion   d e s c r i b e d  

here in   are  useful   in  the  t r e a t m e n t   of  both  FCC  and  RCC  feeds  a s  
d e s c r i b e d   above.   The  p r e s e n t   invent ion   is  p a r t i c u l a r l y   useful   i n  

the  t r e a t m e n t   of  high  boiling  ca rbo-meta l l i c   mater ial   c o n t a i n i n g  
f e e d s t o c k   of  high  metals   con ten t   and  C o n r a d s o n   carbon  p r o d u c i n g  

componen t s   to  p r o v i d e   p r o d u c t s   of  lowered  m e t a l s - C o n r a d s o n   c a r b o n  

va lues   sui table   for  use  as  f e e d s t o c k s   for  FCC  and  p a r t i c u l a r l y   f o r  

RCC  uni ts .   Examples   of  these  high  boiling  oils  are  r e d u c e d  

c r u d e s ,   res idual   oils  and  o ther   oils  or  c rude   oil  f r a c t i ons   c o n t a i n i n g  

metals   a n d / o r   r e s idua   as  here in   d e f i n e d .  

Al though  the  v i s b r e a k i n g   p rocess   of  this  invent ion   is 

p r e f e r a b l y   c o n d u c t e d   in  a  r i ser   r eac to r   b e c a u s e   of  d e s i r e d  

r e s t r i c t e d   t e m p e r a t u r e  -   con tac t   time  p a r a m e t e r s ,   o the r   types   o f  

r e a c t o r s   may  be  employed  with  e i ther   upward   or  downward   so l id  

flow.  Thus  the  t he rmal   v i s b r e a k i n g   opera t ion   may  be  c o n d u c t e d  

with  a  type  of  downf lowing   moving  bed  of  s o r b e n t   which  moves  in  

c o n c u r r e n t   re la t ion  to  l iquid  ( u n v a p o r i z e d )   or  pa r t i a l l y   v a p o r i z e d  

f eeds tock   u n d e r   con tac t   condi t ions   of  p r e s s u r e ,   t e m p e r a t u r e   a n d  

weigh t   hour ly   space  ve loc i ty   as  p a r t i c u l a r l y   def ined   h e r e i n .  

S o r b e n t   P r e p a r a t i o n  

The  s o r b e n t   mater ia l   of  the  p r e s e n t   i nven t ion   and  p a r t i c u l a r l y  

compr i s ing   finely  d iv ided   f lu idizable   p a r t i c u l a t e   of  a  size  in  t h e  



range  of  20  to  80  microns   may  be  p r e p a r e d   by  any  n u m b e r   o f  

d i f fe rence   ways  to  p rov ide   a  low  ca ta ly t ic   ac t iv i ty   clay  of  a  p o r e  
volume  in  excess   of  0.4  cc /g   and  one  which  will  be  thermal ly   s t a b l e  

in  the  p r e s e n c e   of  steam  at  t e m p e r a t u r e s   in  the  range   of  a b o u t  

900°F  up  to  abou t   1640°F.  As  p r o v i d e d   above ,   the  se lec ted   c l a y  

material  is  mixed  d u r i n g   p r e p a r a t i o n   t he reo f   with  one  or  m o r e  

components   such  as  ca rbon   black,   s u g a r ,   an  organic   mater ia l ,   a 

polymer  mater ial   or  an  inorgan ic   salt  which  will  decompose  d u r i n g  

high  t e m p e r a t u r e   con tac t   to  p rov ide   a  clay  s u b s t a n c e   of  the  d e s i r e d  

porosi ty   and  thermal   s tabi l i ty   for  use  in  the  h y d r o t h e r m a l  

v i s b r e a k i n g   o p e r a t i o n   he re in   d i s c u s s e d .  

S o r b e n t   P r e p a r a t i o n   T e c h n i q u e s  

1.  Into  a  homogen iz ing   mixer  called  a  Kady  Mill  was  added  12  L  o f  

tap  water   and  25  gms.  of  sodium  p y r o p h o s p h a t e   h y d r a t e .   T h e  

p h o s p h a t e   is  a  s u r f a c e   active  agen t   to  d i s p e r s e   22  kg.  of  a 

fine  kaol in i te   clay  named  HYDRITE  UF.  The  clay  was  a d d e d  

over  a  15  minute   per iod   with  v igo rous   a g i t a t i o n .  

The  following  is  a  typical   chemical  ana lys is   of  a  H Y D R I T E  

k a o l i n i t e :  

HYDRITE  UF  Kaol in i te ,   the  f ines t   kaolini te   avai lable ,   is  f u r t h e r  

identif ied  as  f o l l ows :  



2.  To  the  clay  s l u r r y   was  added  2.8  kg.  of  Ca tapu l   Alumina  a n d  

the  m i x t u r e   was  s t i r r e d   for  15  m i n u t e s .  

Ca tapa l   Alumina  is  iden t i f ied   as  Alpha  M o n o h y d r a t e   ( B o e h m i t e )  

as  c o m p r i s i n g :  

Af te r   calc inat ion  for  3  hour s   at  900°F  c ry s t a l   s t r u c t u r e   is  

gamma  a l u m i n a .  

3.  Over   a  th ree   minutes   pe r iod ,   150  ml.  of  c o n c e n t r a t e d   H2SO4 
was  d r i p p e d   into  the  s t i r r e d   s l u r r y .   Eleven  l i ters   of  H2SO4 
was  d r i p p e d   into  the  s t i r r e d   s l u r r y .   Eleven  l i te rs   of  H20  w a s  

added   du r ing   a  15  minute  period  with  s t i r r i n g .   The  r e s u l t a n t  

s l u r r y   had  a  pH  of  3  and  a  v i scos i ty   of  1100  CPS  at  130°F .  



4.  The  clay  s l u r ry   was  s p r a y   dr ied   at  an  inlet  and  out le t   a i r  

t e m p e r a t u r e   of  255°F  and  750°F  r e s p e c t i v e l y .  

5.  The  m i c r o s p h e r i c a l   solid  from  the  spray   dr ie r   was  placed  in  a 
f u r n a c e   at  room  t e m p e r a t u r e   and  heated  to  1850°F  in  3  h o u r s .  

Hea t ing   was  s t o p p e d   and  the  material  was  slowly  cooled  t o  

300°F  over  a  16  hour   p e r i o d .  

6.  This  p r o c e d u r e   y ie lded   a  f lu id izable   clay  a d s o r b e n t   m a t e r i a l  

with  13  wt%  alumina  b i n d e r .   The  sur face   area  was  31  m 2 / g  

and  the  pore  volume  was  0.51  cc/g  with  medium  pore  r ad ius   o f  

560A.  

P r e p a r a t i o n   of  Clay  A d s o r b e n t   with  Silica  B inder   B 6 0 0 - 1 4 2 - 1 C  

1.  Into  a  homogeniz ing   mixer  (Kady  Mill)  was  placed  17  L  of  t a p  

H20  and  160  gm.  of  sodium  p y r o p h o s p h a t e   h y d r a t e .   With 

s t i r r i n g ,   16  kg.  of  HYDRITE  UF  Kaolinite  Clay  was  added   o v e r  

a  20  minute  p e r i o d .  

2.  To  this   s t i r r ed   clay  s l u r r y   was  added  2  L  of  "N"  Brand  s o d i u m  

metas i l i ca te   du r ing   5  minute  p e r i o d .  

3.  The  r e s u l t a n t   thick  clay  s l u r r y   was  di luted  with  16  L  of  t a p  

H20  while  mixing  at  1 2 5 ° F .  

4.  The  s l u r r y   was  s p r a y   d r ied   at  750°F  inlet  air  t e m p e r a t u r e   a n d  

250°F  outlet   t e m p e r a t u r e .  

5.  The  m ic ro sphe r i ca l   solid  was  then  placed  in  a  f u r n a c e   at  80°F  

and  hea ted   to  1900°F  d u r i n g   the  next   3  h o u r s .   Heat ing  w a s  

s t o p p e d   and  the  mater ia l   cooled  to  300°F  over   a  16  h o u r  

p e r i o d .  



6.  The  f lu id izable   clay  a d s o r b e n t   conta ined  5  wt%  silica  b i n d e r  

and  93  wt%  clay.  The  pore  volume  of  the  material   was  0 .41  

cc /g   while  the  s u r f a c e   area  was  1 4 m 2 / g .  

P r e p a r a t i o n   of  Clay  A d s o r b e n t   with  Carbon   B l a c k  

1.  Into  a  homogen iz ing   mixer   (Kady  Mill)  was  added  24  l i ters   o f  

water   and  350  gm.  (0 .35  k g . )   of  lignin  ( C B 0 3 - C a r b o n   B l a c k )  

as  a  d i s p e r s a n t .   This  mix tu re   was  ag i ta ted   to  t h o r o u g h l y   mix 

d i s p e r s a n t   before   a d d i n g   7  kg.  of  carbon  black  (Uni ted  N219L 
0 

-  Par t ic le   d iameter   280A)  to  the  Kady  Mill  mix tu re   to  get  t h e  

ca rbon   black  d i s p e r s e d   in  the  water .   The  mix tu re   w a s  

ag i t a t ed   for  15  m i n u t e s .   Then  32.4  kg.  of  HYDRITE  UF  C l a y  

was  added  to  the  m i x t u r e   in  4  po r t ions   over   a  mix tu re   p e r i o d  

of  about   15  m inu te s .   Following  the  clay  add i t i on ,   the  m i x t u r e  

was  f u r t h e r   ag i t a t ed   for  ano the r   15  minutes   to  form  a  

homogenous   s l u r r y .  

2.  The  homogenous   s l u r r y   was  then  sp ray   dried  at  an  i n l e t  

t e m p e r a t u r e   of  about   255°F  and  an  outlet   t e m p e r a t u r e   of  a b o u t  

7 5 0 ° F .  

The  p r o d u c t   of  the  sp ray   dry ing   opera t ion   c o m p r i s i n g  

m i c r o s p h e r i c a l   solids  may  be  hea ted   or  ca lc ined,   if  d e s i r e d ,   b y  

h e a t i n g   in  a  f u r n a c e   g r a d u a l l y   to  an  e levated  t e m p e r a t u r e   up  to  

1850°F  in  about   3  h o u r s .   The  calcined  material   should   then  b e  

slowly  cooled  to  about   300°F  over  an  ex t ended   per iod  up  to  a  16 

hour   pe r iod .   Dur ing   ca lc ina t ion   of  the  sp ray   dried  mater ia l ,   t h e  

ca rbon   black  in  the  solids  compr i s ing   about   20%  ca rbon   black  is  

b u r n e d   out  to  p rov ide   a  high  pore  volume  clay  pa r t i c le   of  at  l e a s t  

0.5  c c / g m .  



In  yet   a n o t h e r   embodiment ,   the  p r e s e n t   inven t ion   is  c o n c e r n e d  

with  m a i n t a i n i n g   a  r e l a t i o n s h i p   in  the  thermal  v i s b r e a k i n g   z o n e  

be tween   solid  s o r b e n t   p a r t i c u l a t e   and  metals  con ta in ing   oil  feed  s u c h  

tha t   the  high  pore  volume  p a r t i c u l a t e   of  this  inven t ion   will  be  u s e d  

with  a  volume  of  heavy  oil  feed  which  limits  filling  the  pores   w i t h  

oil  feed  to  within  the  range   of  1/4  up  to  about   2/3  at  a  p r e s e l e c t e d  

solids  to  oil  rat io.   In  a  more  p a r t i c u l a r   a spec t ,   the  t h e r m a l  

v i s b r e a k i n g   opera t ion   is  in i t ia ted   with  f resh ly   p r e p a r e d   s o r b e n t  

p a r t i c l e   clay  material   of  at  least  0.4  cc /g   pore  volume  and  a  s o l i d s  

to  oil  ra t io   so  that   only  about   1/4  up  to  about   2/3  of  the  s o l i d s  

pore  volume  will  be  initially  filled  with  heavy  oil  feed  c o m p r i s i n g  

tacky  a s p h a l t i c   material  to  minimize  coa lescence   of  pa r t i c l e s   a s  

d i s c u s s e d   above  and  to  effect   demeta l l i za t ion   and  d e c a r b o n i z a t i o n   of  

the  heavy   oil  f e e d .  

The  r e l a t i o n s h i p s   here in   i den t i f i ed   with  r e s p e c t   to  p o r e  
volume,   pore  o p e n i n g s ,   zeolite  c o n t e n t ,   ca ta lys t   to  oil  ratio  to  

r e s t r i c t   pore  filling,  t e m p e r a t u r e   and  contac t   time  are  not  o n l y  

p a r t i c u l a r l y   de s i r ab l e   but   a  cr i t ical   r e l a t i onsh ip   in  o p e r a t i n g  

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  the  e f f i c iency   and  thus  economics  o f  

the  thermal   v i s b r e a k i n g   opera t ion   of  this  i n v e n t i o n .  

The  following  tables   G  and  H  p a r t i c u l a r l y   iden t i fy   with  t h e  

o p e r a t i n g   e f f ic iency   and  economics  of  the  i n v e n t o r y .   Tha t   is,  T a b l e  

G,  i den t i f i ed   some  s o r b e n t   addi t ion   r a t e s   ident i f ied   as  r e q u i r e d   to  

mainta in   vanad ium  metal  c o n t a m i n a n t   at  a  given  level  for  feeds  w i t h  

d i f f e r e n t   levels  of  vanadium  c o n t e n t .   The  a d v a n t a g e   of  us ing   t h e  

large  pore   volume  so rben t   of  this  i n v e n t i o n   which  permi ts   o p e r a t i n g  

at  high  metals  con ten t   level  is  c lear ly   ident i f ied   with  this  d a t a .  

Table  H  in  addi t ion  to  Table  G  is  i d e n t i f y i n g   f u r t h e r   s i g n i f i c a n t  

a d v a n t a g e s   tha t   one  can  achieve   by  employing  one  of  TPT  and  T iCl4  
in  the  s o r b e n t   for  immobilizing  v a n a d i a .  







Having  thus   g e n e r a l l y   d e s c r i b e d   va r ious   a spec t s   of  the  p r e s e n t  

i nven t ion   and  d i s c u s s e d   speci f ic   embodiments   in  s u p p o r t   t h e r e o f ,   i t  

is  to  be  u n d e r s t o o d   tha t   no  undue   r e s t r i c t i o n s   are  to  be  imposed  b y  

r e a s o n s   t he r eo f   excep t   as  def ined  by  the  following  c l a ims .  



1.  A  composi t ion   of  mat te r   compr i s ing   a  clay  of  at  least   0.4  c c / g  

pore  volume  p r e p a r e d   by  s l u r r i n g   kaolinite  clay  with  a  h i g h  

pore  volume  p r o d u c i g n   d i s p e r s a n t   material  which  will  t h e r m a l l y  

decompose ,   sp ray   d r y i n g   the  s l u r r y   of  clay  and  d i s p e r s a n t   to  

form  mic ro sphe r i ca l   so l ids ,   hea t ing   said  m i c r o s p h e r i c a l   solids  to  

an  e leva ted   t e m p e r a t u r e   over   a  time  period  up  to  about  3 

h o u r s   and  t h e r a f t e r   slowly  cooling  the  heated   solids  to  a b o u t  

300°F  over  a  time  per iod  up  to  about   16  h o u r s .  

2.  The  composi t ion  of  claim  1  where in   the  thermal ly   d e c o m p o s a b l e  

d i s p e r s a n t   material   compr i se s   alpha  m o n o h y d r a t e   a l u m i n a .  

3.  The  composit ion  of  claim  1  where in   the  thermal ly   d e c o m p o s a b l e  

d i s p e r s a n t   material   compr i s e s   carbon  b l a c k .  

4.  The  composit ion  of  claim  1  where in   the  the rmal ly   d e c o m p o s a b l e  

d i s p e r s a n t   material   is  a  mater ia l   selected  from  the  g roup  o f  

ma te r i a l s   compr i s ing ,   s u g a r ,   carbon  b lack ,   a  t h e r m a l l y  

decomposab l e   organic   ma te r i a l ,   a  thermal ly   d e c o m p o s a b l e  

i n o r g a n i c   material   such  as  salts  of  a  molecular   weight   a n d  

s t r u c t u r e   p r o v i d i n g   d e s i r e d   pore  size  upon  d e c o m p o s i t i o n .  

5.  A  method  for  p r e p a r i n g   a  solid  so rben t   clay  pa r t i c l e s   of  a t  

least   0.4  cc/g  pore  volume  which  c o m p r i s e s :  

(a)  forming  a  s l u r r i e d   mix tu re   of  kaolini te   and  s o d i u m  

p y r o p h o s p h a t e   in  w a t e r ;  

(b)  add ing   alpha  m o n h y d r a t e   alumina  to  said  s l u r r y   d u r i n g  

ag i ta ted   mixing  of  the  s l u r r y ;  

(c)  adding  su l fur ic   acid  and  water   slowly  to  the  s t i r r e d  

s l u r r y   to  p rov ide   the  s l u r r y   with  a  pH  of  about   3 ;  



(d)   s p r a y   d r y i n g   the  pH  ad ju s t ed   s l u r r y   at  a  t e m p e r a t u r e   u p  
to  about   750°F  to  form  m i c r o s p h e r i c a l   s o l i d s ;  

(e)  hea t ing   the  m i c r o s p h e r i c a l   solids  to  an  e l e v a t e d  

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

(f)  r e c o v e r i n g   a  cooler  clay  s o r b e n t   par t ic le   m a t e r i a l  

compr is ing   an  alumina  b inde r   and  a  pore  volume  of  a t  

least  0.5  c c / g m .  

6.  A  method  for  p r e p a r i n g   a  solid  clay  s o r b e n t   par t ic le   material   o f  

at  least   0.4  cc/gm  pore  volume  which  compr i ses ,   forming  a 

s l u r r y   of  wate r ,   lignin  and  carbon  b lack ,   add ing   kaolinite  c l a y  

to  said  s lu r ry   with  s t i r r e d   ag i t a t ion ,   s p r a y   d ry ing   the  s l u r r i e d  

clay  at  a  t e m p e a r t u r e   up  to  about   750°F,  hea t ing   the  s p r a y  
dr ied   material  up  to  a  t e m p e r a t u r e   of  about   18500F,  s l owly  

cooling  the  heated   and  calcined  s p r a y   dr ied  mater ia l ,   a n d  

r e c o v e r i n g   a  clay  pa r t i c l e   material   dep le t ed   of  carbon  b l a c k  

and  compris ing   a  pore  volume  of  at  least   0.4  c c / g m .  

7.  The  solid  clay  s o r b e n t   pa r t i c l e s   of  claim  5  to  which  one  o r  

more  metals  for  immobilizing  vanadium  is  added  d u r i n g  

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

8.  The  solid  clay  so rben t   pa r t i c l e s   of  claim  6  to  which  one  o r  

more  metals  for  immobilizing  vanad ium  is  added  d u r i n g  

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

9.  A  method  of  p r e p a r i n g   solid  s o r b e n t   p a r t i c u l a t e   m a t e r i a l  

compr is ing   a  pore  volume  of  at  least  0.4  cc/g   which  c o m p r i s e s :  

(a)  forming  a  homogenized   s l u r r y   mix  of  water ,   s o d i u m  

p y r o p h o s p h a t e   and  very   small  pa r t i c le   kaolinite  c l a y ;  



(b)  a d d i n g   sodium  metas i l ica te   to  the  clay  s l u r r y   with  s t i r r i n g  

to  p r o d u c e   a  th ick  clay  s l u r r y  ;  

(c)  d i lu te   the  thick  clay  s l u r r y   with  wa te r   while  mixing  at  a  

t e m p e r a t u r e   of  125°F ;  

(d)  s p r a y   d r y i n g   the  d i luted  clay  s l u r r y   at  a  t e m p e r a t u r e  
within  the  rang  eof  250°F  to  abou t   750°F  to  p r o d u c e  

m i c r o s p h e r i c a l   solids  p r o d u c t s ;  

(e)  h e a t i n g   the  m i c r o s p h e r i c a l   p a r t i c l e s   to  an  e l e v a t e d  

t e m p e r a t u r e   for  an  e x t e n d e d   period  of  t ime ;  

(f)  cooling  the  hea ted   mater ia l ;   a n d  

(g)  r e c o v e r i n g   f lu id izable   clay  a d s o r b e n t   pa r t i c l e s   c o n t a i n i n g  

5  we igh t   p e r c e n t   of  silica  b i n d e r   and  93  wt%  of  c l a y  

p r o v i d i n g   a  pore  volume  of  at  least   0.41  cc/g  and  a  

s u r f a c e   area  of  at  least   14  m 2 / g .  

10.  A  compos i t ions   of  mat ter   for  demeta l l i z ing   and  d e c a r b o n i z i n g  

high  boil ing  r e s i d u a l   oils  compr i s ing   vanad ium  and  a s p h a l t e n e s  

which  c o m p r i s e s :  

(a)  a  clay  s o r b e n t   material   p r o v i d e d   with  a  pore  volume  i n  

the  r ange   of  0.4  cc/g  to  0.5  cc /g   and  a  pore  opening  o f  

at  least   500  A n g s t r o m s ;   a n d  

(b)  said  clay  s o r b e n t   p r o v i d e d   with  from  1  to  20  wt%  of  a  

metal  or  compounds   of  metals  s e l ec t ed   from  the  g r o u p  

c o n s i s t i n g   of  silica,  a lumina ,   t i t an ium,   z i rconium,   b a r i u m ,  

m a g n e s i u m ,   calcium  and  mix tu re s   t h e r e o f .  
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