
J E u r o p a i s c h e s   

Pa tentamt  

European  Patent  Office  0   Publication  number:  0  0 6 5   6 2 6  

Office  europesn  des  brevets  y \ 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  82101769.6  ©  Int.  CI.3:  C  10  G  2 5 / 0 0  
_  C  10  G  25 /06  

(22)  Date  of  filing:  06.03.82 

©  Priority:  20.04.81  US  255931  ©  Applicant:  ASHLAND  OIL,  INC. 
R.C.  Willson,  Jr.  P.O.  Box  391  ,  BL-5 
Ashland  Kentucky  41  114(US) 

(«)  Date  of  publication  of  application: 
01.12.82  Bulletin  82'48  @  Inventor:  Hettinger,  William  P.,  Jr. 

203  Meadowlark  Road 
©  Designated  Contracting  States:  Russell  Kentucky  41  169(US) 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 
(3)  Inventor:  Carruthers.  James  D. 

Route  4  Box  249M9 
Catlettsburg  Kentucky  41  129IUS) 

©  Inventor:  Watkins,  William  D. 
3346  Norwood  Road 
Huntington  West  Virginia  25705IUS) 

Representative:  Staub,  Gabriella,  Dr.-lng. 
co  Staub  &  Olcott  Baaderstrasse  3 
D-8000  Munich  5(DE) 

<  

(0 
CM 
(O 

IT) 
(O 
O  

(54)  Immobilization  of  vanadium  deposited  on  sorbent  materials  during  the  treatment  of  oils  containing  heavy  metals  and 
coke  precursors. 

©  A  process  is  disclosed  for  the  treatment  of  a  hydro- 
carbon  oil  feed  having  a  significant  content  of  vanadium  to 
provide  a  higher  grade  of  oil  products  by  contacting  the  feed  /*  £ 
under  treatment  conditions  in  a  treatment  zone  with  sorbent  ||  Jj  C-s  
material.  Treatment  conditions  are  such  that  coke  and  IHS  —  8 
vanadium  in  an  oxidation  state  less  than  +  5  are  deposited  on  ~'Ai** 
the  sorbent  in  the  treatment  zone.  Coked  sorbent  is  regener-  @  '.  @  r  —  * 
ated  in  the  presence  of  an  oxygen  containing  gas  at  a  f _  
temperature  sufficient  to  remove  the  coke  and  under  condi-  -  ..:  <*  i 
tions  keeping  vanadium  in  an  oxidation  state  less  than  +5 
and  regenerated  sorbent  is  recycled  to  the  treatment  zone  for  I  ~ *  
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A   process  is  disclosed  for  the  treatment  of  a  hydro- 
carbon  oil  feed  having  a  significant  content  of  vanadium  to 
provide  a  higher  grade  of  oil  products  by  contacting  the  feed 
under treatment  conditions  in  a  treatment  zone  with  sorbent 
material.  Treatment  conditions  are  such  that  coke  and 
vanadium  in  an  oxidation  state  less than  +  5 are  deposited  on 
the  sorbent in  the  treatment  zone.  Coked  sorbent is  regener- 
ated  in  the  presence  of  an  oxygen  containing  gas  at  a 
temperature  sufficient  to  remove  the  coke  and  under  condi- 
tions  keeping  vanadium  in  an  oxidation  state  less  than  +5 
and  regenerated  sorbent is  recycled  to  the  treatment zone  for 
contact  with  fresh  feed. 



Technical   F i e l d  
This  i nven t ion   r e l a t e s   to  processes   for  producing  a 

high  grade  of  oi l   feed  having  lowered  metals  and  Conradson 
carbon  values  for  use  as  feeds tocks   for  reduced  crude  con-  
vers ion  p rocesses   and/or  for  t yp ica l   FCC  processes   from  a 
poor  grade  of  c a r b o - m e t a l l i c   oil  having  extremely  h i g h  
metals  and  Conradson  carbon  values .   More  p a r t i c u l a r l y ,  
t h i s   i nven t ion   is  r e l a t ed   to  a  method  of  immobil izing  v a n a -  
dium  compounds  depos i ted   on  the  sorbent   during  p r e t r e a t m e n t  
of  the  oi l   f e e d .  

Background  A r t  
The  i n t r o d u c t i o n   of  c a t a l y t i c   cracking  to  the  p e t r o -  

leum  indus t ry   in  the  1930's  c o n s t i t u t e d   a  major  advance 
over  previous  techniques   with  the  objec t   of  i nc r ea s ing   t h e  
yield  of  gaso l ine   and  i ts   q u a l i t y .   Early  fixed  bed,  moving 
bed,  and  f lu id   bed  c a t a l y t i c   cracking  FCC  processes   em- 
ployed  vacuum  gas  o i l s   (VGO)  from  crude  sources  that   were 
considered  sweet  and  l i g h t .   The  terminology  of  sweet  r e -  
fers  to  low  su l fu r   content   and  l i gh t   r e fe r s   to  the  amount  o f  
mate r ia l   b o i l i n g   below  approximately   1000-1025°F.  

The  c a t a l y s t s   employed  in  early  homogenous  f lu id   dense  
beds  were  of  an  amorphous  s i l i c e o u s   m a t e r i a l ,   prepared  syn -  
t h e t i c a l l y   or  from  n a t u r a l l y   occurr ing   ma te r i a l s   a c t i v a t e d  
by  acid  l each ing .   Tremendous  s t r i d e s   were  made  in  t h e  
1950's  in  FCC  technology  in  the  areas  of  meta l lu rgy ,   p r o - ·  
cessing  equipment,  r egene ra t i on   and  new  more-ac t ive   and  more 
s table   amorphous  c a t a l y s t s .   However,  inc reas ing   demand  w i t h  
respect   to  quan t i ty   of  gasol ine  and  increased  octane  number 
requirements   to  s a t i s f y   the  new  high  horsepower-high  com- 
press ion  engines  being  promoted  by  the  auto  indus t ry ,   p u t  
extreme  p ressure   on  the  petroleum  indust ry   to  increase   FCC 



capac i t y   and  s e v e r i t y   of  o p e r a t i o n .  
A  major  b reak through   in  FCC  c a t a l y s t s   came  in  the  e a r l y  

1960's  with  the  i n t r o d u c t i o n   of  molecular   s ieves   or  z eo -  
l i t e s .   These  m a t e r i a l s   were  i nco rpora t ed   into  the  matrix  o f  
amorphous  and/or  amorphous /kaol in   m a t e r i a l s   c o n s t i t u t i n g   t h e  
FCC  c a t a l y s t s   of  tha t   time.  These  new  z e o l i t i c   c a t a l y s t s ,  
con ta in ing   a  c r y s t a l l i n e   a l u m i n o s i l i c a t e   z e o l i t e   in  an  amor- 
phous  or  amorphous /kao l in   matrix  of  s i l i c a ,   alumina,  s i l i c a -  
alumina,  kao l in ,   clay  or  the  l ike ,   were  at  l e a s t   1000-10 ,000  
times  more  ac t ive   for  cracking  hydrocarbons  than  the  e a r l i e r  

-amorphous  or  amorphous /kaol in   con ta in ing   s i l i c a - a l u m i n a  
c a t a l y s t s .   This  i n t r o d u c t i o n   of  z e o l i t i c   c racking  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 id   c a t a l y t i c   cracking  p rocess .   I n o v a -  
t ions   were  developed  to  handle  these  high  a c t i v i t i e s ,   such 
as  r i s e r   c r ack ing ,   shor tened   contac t   t imes,   new  r e g e n e r a t i o n  
p roces se s ,   new  improved  z e o l i t i c   c a t a l y s t   developments ,   and 
the  l i k e .  

The  new  c a t a l y s t   developments  revolved  around  the  d e -  
velopment  of  var ious   z e o l i t e s   such  as  s y n t h e t i c   types  X  and 
Y  and  n a t u r a l l y   occur r ing   f a u j a s i t e s ;   inc reased   t h e r m a l -  
s team.  (hydrothermal)   s t a b i l i t y   of  z e o l i t e s   through  the  i n -  
c lus ion   of  rare  ear th   ions  or  ammonium  ions  via  i o n - e x c h a n g e  
t echn iques ;   and  the  development  of  more  a t t r i t i o n   r e s i s t a n t  
mat r ices   for  suppor t ing   the  z e o l i t e s .  

These  z e o l i t i c   c a t a l y s t   developments  gave  the  p e t r o l e u m  
indus t ry   the  c a p a b i l i t y   of  g r ea t l y   i n c r e a s i n g   t h rough-pu t   o f  
feeds tock  with  inc reased   convers ion  and  s e l e c t i v i t y   w h i l e  
employing  the  same  uni ts   without   expansion  and  wi thout   r e -  
qu i r ing   new  unit   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  z eo l i t e   con ta in ing   c a t a l y s t s ,  
the  petroleum  i ndus t ry   began  to  suf fe r   from  a  lack  of  c rude  
a v a i l a b i l i t y   as  to  quan t i ty   and  qua l i t y   accompanied  by  i n -  
c reas ing   demand  for  gaso l ine   with  i n c r e a s i n g   octane  v a l u e s .  
The  world  crude  supply  p i c tu re   changed  d r a m a t i c a l l y   in  t h e  
la te   1960's  and  ear ly   1970's.   From  a  surp lus   of  l i g h t ,  
sweet  crudes  the  supply  s i t u a t i o n   changed  to  a  t i g h t e r   sup-  
ply  with  an  ever  i nc r ea s ing   amount  of  heavier   crudes  w i t h  



higher   su l fu r   con ten t s .   These  heavier   and  higher  s u l f u r  
crudes  p r e s e n t e d  p r o c e s s i n g   problems  to  the  petroleum  r e -  
f iner   in  that   these  heavier   crudes  i n v a r i a b l y   also  c o n t a i n e d  
much  higher   metals  and  Conradson  carbon  va lues ,   with  accom- 
panying  s i g n i f i c a n t l y   increased   a s p h a l t i c   c o n t e n t .  

F r a c t i o n a t i o n   of  the  t o t a l   crude  to '  y ie ld   cat  c r a c k e r  
charge  s tocks  also  requi red   much  b e t t e r   con t ro l   to  en su re  
tha t   metals  and  Conradson  carbon  values  were  not  c a r r i e d  
overhead  to  contaminate  the  FCC  charge  s tock.   The  e f f e c t s  
of  heavy  metal  and  Conradson  carbon  on  a  z e o l i t e - c o n t a i n i n g  
FCC  c a t a l y s t   have  been  descr ibed   in  the  l i t e r a t u r e   as  t o  
t he i r   unfavorable   e f f e c t   in  lowering  c a t a l y s t   a c t i v i t y   and 
s e l e c t i v i t y   for  gaso l ine   product ion   and  t he i r   equally  harm- 
ful  e f f e c t   on  c a t a l y s t   l i f e .  

As  mentioned  p r ev ious ly ,   these  heavier   crude  o i ls   a l s o  
conta ined   more  of  the  heavier   f r a c t i o n s   and  y ie lded  less  o r  
lower  volume  of  the  high  qua l i t y   FCC  charge  stocks  which 
normally  boil   below  about  1025°F  and  are  usua l ly   p r o c e s s e d  
so  as  to  conta in   t o t a l   metal  l eve l s   below  1  ppm,  p r e f e r a b l y  
below  0.1  ppm,  and  Conradson  carbon  values  s u b s t a n t i a l l y  
below  1 . 0 .  

With  the  inc reas ing   supply  of  heavier   crudes,   which 
meant  lowered  y ie lds   of  gaso l ine ,   and  the  i nc rea s ing   demand 
for  l i qu id   t r a n s p o r t a t i o n   fue ls ,   the  petroleum  indus t ry   b e -  

gan  a  search  for  process ing   schemes  to  u t i l i z e   these  h e a v i e r  
crudes  in  producing  gaso l ine .   Many  of  these  p r o c e s s i n g  
schemes  have  been  descr ibed  in  the  l i t e r a t u r e .   These  i n -  
clude  Gulf ' s   Gulf ining  and  Union  O i l ' s   Uni f in ing   p r o c e s s e s  
for  t r e a t i n g   residuum,  UOP's  Aurabon  p rocess ,   Hydrocarbon 
Research ' s   H-Oil  process ,   Exxon's  F lex icok ing   process  t o  
produce  thermal  gasol ine   and  coke,  H-Oi l ' s   Dynacracking  and 
P h i l l i p ' s   Heavy  Oil  Cracking  (HOC)  p roces se s .   These  p r o -  
cesses  u t i l i z e   thermal  cracking  or  h y d r o - t r e a t i n g   fo l lowed  
by  FCC  or  hydrocracking  ope ra t ions   to  handle  the  higher  con-  
tent   of  metal  contaminants  (Ni-V-Fe-Cu-Na)  and  high  Conrad- 
son  carbon  values  of  5-15.  Some  of  the  drawbacks  of  t h e s e  

t y p e s   of  process ing  are  as  follows:  Coking  y ie lds   t h e r m a l l y  



cracked  gaso l ine   which  has  a  much  lower  octane  value  t h a n  
cat  cracked  gaso l ine   and  is  uns tab le   due  to  the  p r o d u c t i o n  
of  gum  from  d i o l e f i n s   and  r equ i r e s   f u r t he r   h y d r o t r e a t i n g  
and  reforming  to  produce  a  high  octane  product;   gas  o i l  
q u a l i t y   is  degraded  due  to  thermal  r e a c t i o n s   which  p roduce  
a  product   c o n t a i n i n g   r e f r a c t o r y   po lynuc lea r   aromat ics   and 
high  Conradson  carbon  l eve l s   which  are  highly  u n s u i t a b l e   f o r  
c a t a l y t i c   c rack ing ;   and  h y d r o t r e a t i n g   r equ i res   e x p e n s i v e  
high  p re s su re   hydrogen,  m u l t i - r e a c t o r   systems  make  of  s p e -  
c ia l   a l l o y s ,   cos t ly   o p e r a t i o n s ,   and  a  s e p a r a t e  c o s t l y   f a -  
c i l i t y   for  the  p roduc t ion   of  hydrogen .  

To  b e t t e r   unders tand   the  reasons  why  the  i ndus t ry   has  
progressed   along  the  p rocess ing   schemes  desc r ibed ,   one  must  
unders tand  the  known  and  e s t a b l i s h e d   e f f e c t s   of  c o n t a m i n a n t  
metals  (Ni-V-Fe-Cu-Na)  and  Conradson  carbon  on  the  z e o l i t e  
con ta in ing   c rack ing   c a t a l y s t s   and  the  opera t ing   p a r a m e t e r s  
of  an  FCC  un i t .   Metal  content   and  Conradson  carbon  are  two 
very  e f f e c t i v e   r e s t r a i n t s   on  the  ope ra t ion   of  an  FCC  u n i t  
and  may  even  impose  u n d e s i r a b l e   r e s t r a i n t s   on  a  Reduced 
Crude  Conversion  (RCC)  unit   from  the  s t andpo in t   of  o b t a i n i n g  
maximum  conver s ion ,   s e l e c t i v i t y   and  l i f e .   R e l a t i v e l y   low 
leve ls   of  these  contaminants   are  highly  d e t r i m e n t a l   to  an 
FCC  un i t .   As  metals  and  Conradson  carbon  levels   are  i n -  
creased  s t i l l   f u r t h e r ,   the  o p e r a t i n g   capac i ty   and  e f f i c i e n c y  
of  an  RCC  uni t   may  be  adverse ly   a f f e c t e d   or  made  uneconomi-  
cal.  These  adverse  e f f e c t s   occur  even  though  there   i s  
enough  hydrogen  in  the  feed  to  produce  an  ideal  g a s o l i n e  
c o n s i s t i n g   of  only  to luene  and  isomeric  pentenes  (assuming  a 
c a t a l y s t   with  such  ideal   s e l e c t i v i t y   could  be  d e v i s e d ) .  

The  e f f e c t   of  increased   Conradson  carbon  is  to  i n c r e a s e  
that   po r t ion   of  the  feeds tock   conver ted  to  coke  d e p o s i t e d  
on  the  c a t a l y s t .   In  t y p i c a l   VGO  ope ra t ions   employing  a  zeo-  
l i t e   con t a in ing   c a t a l y s t   in  an  FCC  uni t ,   the  amount  of  coke 
depos i ted   on  the  c a t a l y s t   averages  about  4-5  wt%  of  t h e  
feed.  This  coke  p roduc t ion   has  been  a t t r i b u t e d   to  four  d i f -  
fe ren t   coking  mechanisms,  namely,  contaminant  coke  from  ad -  
verse  r e a c t i o n s   caused  by  metal  depos i t s ,   c a t a l y t i c   coke 



caused  by  acid  s i t e   c rack ing ,   en t ra ined   hydrocarbons  r e s u l -  
t ing  from  pore  s t r u c t u r e   adsorp t ion   and/or  poor  s t r i p p i n g , -  
and  Conradson  carbon  r e s u l t i n g   from  p y r o l y t i c   d i s t i l l a t i o n  
of  hydrocarbons  in  the  conversion  zone.  There  has  been  pos -  
t u l a t e d   two  other   sources  of  coke  present   in  reduced  c rudes  
in  add i t i on   to  the  four  present   in  VGO.  They  are:  (1)  ad-  
sorbed  and  absorbed  high  bo i l ing   hydrocarbons  which  do  n o t  
vapor ize   and  cannot  be  removed  by  normally  e f f i c i e n t   s t r i p -  
ping,  and  (2)  high  molecular   weight  n i t rogen   con ta in ing   hy-  
drocarbon  compounds  adsorbed  on  the  c a t a l y s t ' s   acid  s i t e s .  
Both  of  these  two  new  types  of  coke  producing  phenomena  add 
g r e a t l y   to  the  complexity  of  residue  p roces s ing .   T h e r e f o r e ,  
in  the  p rocess ing   of  higher  boi l ing   f r a c t i o n s ,   e . g . ,   r educed  
crudes,   r e s i d u a l   f r a c t i o n s ,   topped, crude,  and  the  l ike ,   t h e  
coke  product ion   based  on  feed  is  the  summation  of  the  f o u r  
types  p resen t   in  VGO  process ing   (the  Conradson  carbon  v a l u e  
gene ra l ly   being  much  higher  than  for  VGO),  plus  coke  from 
the  higher  bo i l i ng   u n s t r i p p a b l e   hydrocarbons  and  coke  a s s o -  
c i a t ed   with  the  high  bo i l ing   n i t rogen  con ta in ing   mo lecu l e s  
which  are  adsorbed-on  the  c a t a l y s t .   Coke  p roduc t ion   on 
clean  c a t a l y s t ,   when  process ing   reduced  crudes,   may  be  e s t i -  
mated  as  approximate ly   4  wt%  of  the  feed  plus  the  Conradson 
carbon  value  of  the  heavy  f e e d s t o c k .  

The  coked  c a t a l y s t   is  brought  back  to  e q u i l i b r i u m   a c -  
t i v i t y   by  burning  off  the  d e a c t i v a t i n g   coke  in  the  r e g e n e r a -  
t ion  zone  in  the  presence  of  a i r ,   and  the  r egene ra t ed   c a t a -  
lys t   is  recycled   back  to  the  r eac t ion   zone.  The  heat  g e n e r a -  
ted  during  r e g e n e r a t i o n   is  removed  by  the  c a t a l y s t   and  c a r -  
ried  to  the  r e ac t i on   zone  for  v a p o r i z a t i o n   of  the  feed  and 
to  provide  heat  for  the  endothermic  cracking  r e a c t i o n .   The 
tempera ture   in  the  r egene ra to r   is  normally  l imi t ed   because  
of  m e t a l l u r g i c a l   l i m i t a t i o n s   and  the  hydrothermal   s t a b i l i t y  
of  the  c a t a l y s t .  

The  hydrothermal   s t a b i l i t y   of  the  z e o l i t e - c o n t a i n i n g  
c a t a l y s t   is  determined  by  the  temperature  and  steam  p a r t i a l  
pressure   at  which  the  z eo l i t e   begins  to  rap 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   to  yield  a  low  a c t i v i t y   amorphous  ma- 



t e r i a l .   The  presence  of  steam  is  highly  c r i t i c a l   and  i s  
gene ra t ed   by  the  burning  of  adsorbed  and  absorbed  ( sorbed)  
carbonaceous   ma te r i a l   which  has  a  s i g n i f i c a n t   hydrogen  con-  
t en t   (hydrogen  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  carbonaceous  ma te r i a l   is  p r i n c i p a l l y  
the  high  bo i l i ng   sorbed  hydrocarbons  with  bo i l ing   points   as  
high  as  1500-1700°F  or  above  tha t   have  a  modest  hydrogen 
con ten t   and  the  high  b o i l i n g   n i t rogen   con ta in ing   h y d r o c a r -  
bons,  as  well  as  r e l a t e d   porphyr ins   and  a s p h a l t e n e s .   The 
high  molecular   weight  n i t r ogen   compounds  usua l ly   boil   above 
1025°F  and  may  be  e i t h e r   bas ic   or  ac id ic   in  na ture .   The  b a -  
sic  n i t r ogen   compounds  may  n e u t r a l i z e   acid  s i t e s   while  t h o s e  
tha t   are  more  ac id ic   may  be  a t t r a c t e d   to  metal  s i t e s   on  t h e  
c a t a l y s t .   The  porphyr ins   and  a spha l t enes   also  g e n e r a l l y  
boi l   above  1025°F  and  may  conta in   elements  other  than  ca rbon  
and  hydrogen.  As  used  in  th is   s p e c i f i c a t i o n ,   the  t e rm 
"heavy  hydrocarbons"  inc ludes   al l   carbon  and  hydrogen  con-  
t a i n i n g   compounds  that   do  not  boil   below  about  1025°F,  r e -  
g a r d l e s s   of  whether  other  elements  are  also  p resen t   in  t h e  
compound. 

.The  heavy  metals  in  the  feed  are  genera l ly   p resen t   as  
porphyr ins   and/or  a s p h a l t e n e s .   However,  c e r t a i n   of  t h e s e  
me ta l s ,   p a r t i c u l a r l y   iron  and  copper,   may  be  p resen t   as  t h e  
free  metal  or  as  inorgan ic   compounds  r e s u l t i n g   from  e i t h e r  
c o r r o s i o n   of  process  equipment  or  contaminants   from  o t h e r  
r e f i n i n g   p r o c e s s e s .  

As  the  Conradson  carbon  value  of  the  feeds tock  i n -  
c r e a s e s ,   coke  p roduc t ion   i nc r ea se s   and  th is   inc reased   l o a d  
wi l l   r a i s e   the  r e g e n e r a t i o n   t empera ture ;   thus  the  unit   may 
be  l im i t ed   as  to  the  amount  of  feed  that   can  be  p r o c e s s e d  
because  of  i ts   Conradson  carbon  con ten t .   E a r l i e r   VGO  u n i t s  
ope ra t ed   with  the  r e g e n e r a t o r   at  1050-1250°F.  A  new  d e -  
velopment  in  reduced  crude  p roces s ing ,   namely,  Ashland  O i l ' s  
"Reduced  Crude  Conversion  P rocess" ,   as  descr ibed   in  the  pen-  
ding  U.S.  a p p l i c a t i o n s   S.N.  94,091,  94,092,  94,216,  94,217 
and  94,227,  al l   f i l ed   on  November  14,  1979,  can  opera te   a t  
r e g e n e r a t o r   t empera tures   in  the  range  of  1350-1400°F.  But 



even  these  higher  r e g e n e r a t o r   t empera tures   place  a  l imi t   on 
the  Conradson  ca rbon-va lue   of  the  feed  at  approximate ly   8, 
which  r ep re sen t s   about  12-13  wt%  coke  on  the  c a t a l y s t   based  
on  the  weight  of  feed.  This  level   is  c o n t r o l l i n g   u n l e s s  
c o n s i d e r a b l e   water  is  i n t roduced   to  f u r t he r   con t ro l   t empera -  
ture ,   which  addi t ion   is  also  p r a c t i c e d   in  Ashland 's   RCC  p r o -  
c e s s e s .  

The  metal  con ta in ing   f r a c t i o n s   of  reduced  crudes  c o n -  
ta in   Ni-V-Fe-Cu  in  the  form  of  porphyr ins   and  a s p h a l t e n e s .  
These  metal  con ta in ing   hydrocarbons  are  depos i ted   on  t h e  
c a t a l y s t   during  p rocess ing   and  are  cracked  in  the  r i s e r   t o  
depos i t   the  metal  or  are  c a r r i e d   over  by  the  coked  c a t a l y s t  
as  the  m e t a l l o - p o r p h y r i n   or  a spha l t ene   and  converted  t o  
cause  n o n - s e l e c t i v e   or  d e g r a d a t i v e   cracking  and  dehydrogena -  
t ion  to  produce  inc reased   amounts  of  coke  and  l i g h t   ga se s  
such  as  hydrogen,  methane  and  ethane.   These  mechanisms  ad -  
verse ly   a f f e c t   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 
q u a l i t y   of  gasol ine   and  l i g h t   cycle  o i l .   The  inc reased   p r o -  
duct ion  of  l i gh t   gases,   while  impairing  the  y ie ld   and  s e l e c -  
t i v i t y   of  the  p rocesses ,   also  puts  an  increased   demand  on 
the  gas  compressor  c a p a c i t y .   The  increase   in  coke  p r o d u c -  
t ion,   in  addi t ion   to  i ts   nega t ive   impact  on  y ie ld ,   also  ad -  
verse ly   a f f e c 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 r e a t l y   i n -  
creases   r egene ra to r   air   demand  and  compressor  c a p a c i t y ,   and 
may  r e s u l t   in  u n c o n t r o l l a b l e   and/or   dangerous  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  p r ior   art   have  been  g r e a t l y   m i n i -  
mized  by  the  development  at  Ashland  Oil,  Inc.  of  i ts   Re- 
duced  Crude  Conversion  (RCC)  Processes   descr ibed   in  c o - p e n -  
ding  a p p l i c a t i o n s   r e f e r enced   above  and  i nco rpo ra t ed   h e r e i n  
by  r e f e rence .   The  new  process   can  handle  reduced  crudes  o r  
crude  o i l s   conta in ing   high  metals  and  Conradson  c a r b o n  
values  p rev ious ly   not  s u s c e p t i b l e   to  d i r e c t   p r o c e s s i n g .  
Normally,  these  crudes  r equ i r e   expensive  vacuum  d i s t i l l a t i o n  
to  i s o l a t e   s u i t a b l e   f eeds tocks   and  produce  as  a  b y - p r o d u c t ,  
high  sul fur   conta in ing   vacuum  s t i l l   bottoms.  Ashland ' s   RCC 
process  avoids  these  p r io r   art   d i sadvan tages .   However,  c e r -  



ta in  crudes  such  as  Mexican  Mayan  or  Venezuelan  contain  ab-  
normally  high  metal  and  Conradson  carbon  values .   If  t h e s e  

poor  grades  of  crude  are  processed  in  a  reduced  crude  p r o -  
cess,   they  may  lead  to  an  uneconomical  opera t ion   because  o f  
the  high  load  on  the  r e g e n e r a t o r   and  the  high  c a t a l y s t   ad-  
d i t i o n   rate  requi red   to  maintain  c a t a l y s t   a c t i v i t y   and  s e -  
l e c t i v i t y .   The  add i t ion   rate  can  be  as  high  as  4-8  l b s / b b l  
which,  at  today ' s   c a t a l y s t   p r i c e s ,   can  add  as  much  as  $2 -8 /  
bbl  of  a d d i t i o n a l   c a t a l y s t   cost  to  the  process ing  economics.  
On  the  other   hand,  it  is  d e s i r a b l e   to  develop  an  economical  
means  of  p rocess ing   poor  grade  crude  o i l s ,   such  as  the  Mexi- 
can  Mayan,  because  of  t he i r   a v a i l a b i l i t y   and  cheapness  as  
compared  to  Middle  East  c r u d e s .  

The  l i t e r a t u r e   suggests  many  p rocesses   for  the  r e d u c -  
t ion  of  metals  content   and  Conradson  carbon  values  of  r e -  
duced  crudes  and  other  contaminated  oil   f r a c t i o n s .   One  such 
process  is  that   descr ibed  in  U.S.  Patent   4,243,514  and  Ger-  
man  Patent   No.  29  04  230  ass igned  to  Engelhard  Minerals  and 
Chemicals,  Inc . ,   which  pa tents   are  i nco rpo ra t ed   herein  by 
r e f e r ence .   B a s i c a l l y ,   these  p r io r   art   processes  i n v o l v e  
con tac t ing   a  reduced  crude  f r a c t i o n   or  other  con tamina ted  
oil   with  sorbent   at  e levated   t empera tu re   in  a  sorbing  zone,  
such  as  a  f lu id   bed,  to  produce  a  product   of  reduced  me ta l  
and  Conradson  carbon  value.  One  of  the  sorbents   d e s c r i b e d  
i n  P a t e n t   No.  4,243,514  is  an  i n e r t   sol id   i n i t i a l l y   composed 
of  kaol in ,   which  has  been  spray  dried  to  y ie ld   m i c r o s p h e r i -  
cal  p a r t i c l e s   having  a  surface  area  below  100  m2/g  and  a 
c a t a l y t i c   cracking  m i c r o - a c t i v i t y   (MAT)  value  of  less  than  20 
and  subsequent ly   ca lc ined   at  high  tempera ture   so  as  t o  
achieve  b e t t e r   a t t r i t i o n   r e s i s t a n c e .  

As  the  vanadia  content   on  such  sorbents   increases ,   i n t o  
the  range  of  10,000-30,000  ppm,  the  e leva ted   t e m p e r a t u r e s  
encountered  in  r e g e n e r a t i o n   zones  cause  the  vanadia  to  flow 
and  form  a  l iqu id   coating  on  the  sorbent   p a r t i c l e s .   Any  i n -  
t e r r u p t i o n   or  decrease   in  p a r t i c l e   flow  may  r e su l t   in  co-  
a lescence   between  the  l i q u i d - c o a t e d   p a r t i c l e s ,   which  i n t e r -  
rupts  f l u i d i z a t i o n ,   and  may  cause  unit   shutdown. 



For  example,  at  1000  ppm  vanadium,  th is   phenomena  b e -  
gins  to  be  observed  and  by  10,000  ppm  vanadium  p a r t i c l e   co -  
a l e scence   becomes  a  major  fac tor   in  unit   o p e r a t i o n .   By  ap-  
p lying  the  methods  of  th is   i nven t ion ,   one  can now  opera te   i n  
the  upper  ranges  of  vanadium  l eve l s   (30,000  to  50,000  ppm) 
wi thou t  vanad ium  depos i t i on   causing  p a r t i c l e   coa lescence   o r  
excess ive   s i n t e r i n g   of  the  sorbent   s t r u c t u r e .  

In  the  t r ea tmen t   of  feeds  of  varying  vanadium  c o n t e n t ,  
the  ra te   of  vanadium  buildup  on  the  sorbent   and  the  e q u i l i -  
brium  or  s teady  s t a t e   of  vanadium  on  the  sorbent   is  a  f u n c -  
t ion  of  vanadium  content   of  the  feed  and  e s p e c i a l l y   the  s o r -  
bent  a d d i t i o n   and  withdrawal  ra tes   which  are  equal  at  e q u i -  
l ib r ium  c o n d i t i o n s .   The  fol lowing  table   p r e sen t s   a  t y p i c a l  
case  for  a  40,000  bbl /day  unit   in  which  the  vanadium  c o n t e n t  
of  the  feed  is  var ied   from  1  ppm  ( t rea tment   of  an  FCC  f eed  
comprised  of  VGO  and  5  to  20  percent   of  a  heavy  hydroca rbon  
f r a c t i o n )   up  to  25  to  400  ppm  ( t rea tment   of  a  reduced  c rude  
for  RCC  o p e r a t i o n s ) .   In  order  to  mainta in   var ious   l eve ls   o f  
vanadium  on  the  sorbent   at  the  equ i l i b r ium  s t a t e   a f t e r   long 
term  o p e r a t i o n   (50  to  150  days),   the  sorbent   add i t i on   r a t e  
can  be  var ied   to  y ie ld   e q u i l i b r a t e d   vanadium  values  of  from 
5000  to  30,000  ppm. 



Summary  of  the  I n v e n t i o n  
In  accordance  with  th is   invent ion   a  process  has  been 

provided  for  t r e a t i n g   a  hydrocarbon  oil  feed  having  a  s i g -  
n i f i c a n t   content   of  vanadium  and  Conradson  carbon  to  p r o -  
vide  a  product   s u b s t a n t i a l l y   lower  in  vanadium  and  Conrad-  
son  carbon.  In  ca r ry ing   out  th is   process  the  h y d r o c a r b o n  
oil   feed  is  con tac ted   with  a  sorbent   under  c o n d i t i o n s   w h e r e -  
by  coke  and  vanadium  in  an  ox ida t ion   s ta te   lower  than  +5  a r e  
depos i t ed   on  said  so rben t ,   the  sorbent  is  separa ted   from  t h e  
remaining  feed.,  and  is  r egene ra t ed   in  the  presence  of  an 
oxygen -con t a in ing   gas  under  cond i t ions   whereby  the  vanadium 
is  r e t a i n e d   in  an  ox ida t ion   s t a t e   lower  than  +5.  The  r e -  
genera ted   sorbent   is  recycled   to  contact   f resh  f e e d .  

Vanadium  in  an  ox ida t i on   s t a t e   of  +5  melts  at  a  tem- 
pe ra tu re   within  the  range  at  which  the  r e g e n e r a t i o n   is  c a r -  
r ied  out;  however,  vanadium  in  the  +3  or  +4  ox ida t i on   s t a t e  
melts  at  t empera tu res   s i g n i f i c a n t l y   g rea t e r   than  those  e n -  
countered  in  the  r e g e n e r a t o r ,   and  t he re fo re   does  not  p r e -  
sent  the  problems  r e s u l t i n g   from  coalescence  of  p a r t i c l e s  
as  does  vanadium  in  the  +5  ox ida t ion   s t a t e .  

The  inven t ion   provides   a  method  of  producing  a  h i g h  
grade  of  reduced  crude  convers ion  (RCC)  feeds tocks   hav ing  
lowered  metals  and  Conradson  carbon  values  r e l a t i v e   to  a 
poor  grade  of  reduced  crude  or  other   c a r b o - m e t a l l i c   o i l  
having  extremely  high  metals  and  Conradson  carbon  v a l u e s .  

The  invent ion   may  fu r the r   be  used  for  p rocess ing   c rude  
o i l s   or  crude  o i l  . f r a c t i o n s   with  s i g n i f i c a n t   l eve l s   o f  
metals  and/or  Conradson  carbon  to  provide  an  improved  f e e d -  



stock  for  t yp ica l   f lu id   c a t a l y t i c   (FCC)  c racking  p r o c e s s e s .  
The  invent ion   thus  provides   an  improved  method  f o r  

t r e a t i n g   petroleum  oil   feeds  con t a in ing   s i g n i f i c a n t   l e v e l s  
of  vanadium  (at  l e a s t   about  1.0  ppm).  More  p a r t i c u l a r l y ,  
th is   invent ion   reduces  p a r t i c l e   coa lescence   and  loss  o f  
f l u i d i z a t i o n   caused  by  the  vanadium  contaminants   in  o i l  
feeds  of  al l   types  u t i l i z e d   in  FCC  and/or   RCC  o p e r a t i o n s .  
The  inven t ion   is  p a r t i c u l a r l y   useful   in  the  p r e t r ea tmen t   o f  
c a r b o - m e t a l l i c   oil  feeds  to  be  u t i l i z e d   in  RCC  u n i t s .  

Brief  Desc r ip t ion   of  the  Drawings 
Figs.  1  and  2  are  schematic  designs  of  sorbent   r e g e n -  

e r a t i o n   and  a s s o c i a t e d   cracking  appara tus   which  may  be  used 
in  ca r ry ing   out  th is   i n v e n t i o n .  

Best  and  Various  Other  Modes 
For  Carrvina  Out  the  I n v e n t i o n  

The  invent ion   may  be  c a r r i e d   out  by  c o n t r o l l i n g   the  r e -  
genera t ion   of  the  spent,   vanad ium-con ta in ing   sorbent   u s ing  
severa l   methods,  alone  or  in  combinat ion.   The  ob j ec t ive   o f  
these  methods  is  to  r e t a i n   vanadium  in  a  low  o x i d a t i o n  
s t a t e ,   e i t he r   by  not  exposing  the  vanadium  to  oxid iz ing   con-  
d i t i o n s ,   or  by  exposing  vanadium  to  ox id i z ing   condi t ions   f o r  
too  short   a  time  to  oxidize   a  s i g n i f i c a n t   amount  of  vanadium 
to  the  +5  s t a t e .  

The  c o n c e n t r a t i o n   of  vanadium  on  the  sorbent  p a r t i c l e s  
inc reases   as  the  c a t a l y s t   is  r ecyc led ,   and  the  vanadium  on 
the  sorbent   in t roduced  into  the  r eac to r   becomes  coated  w i t h  
coke  formed  in  the  r e a c t o r .   In  one  method  of  car ry ing   o u t  
the  inven t ion ,   the  r e g e n e r a t o r   cond i t i ons   are  se lec ted   t o  
ensure  that   at  l eas t   enough  coke  is  r e t a i n e d   on  the  s o r b e n t  
to  keep  vanadia  in  a  reduced  s t a t e .   This  coke  may  s e r v e  
e i t h e r   to  ensure  a  reducing  environment  for  the  vanadium, 
or  to  provide  a  b a r r i e r   to  the  movement  of  ox id iz ing   gas  t o  
under ly ing  vanadium.  The  c o n c e n t r a t i o n   of  coke  on  the  s o r -  
bent  p a r t i c l e s   is  p r e f e r ab ly   at  l eas t   about  0.05  p e r c e n t  
and  a  more  p re fe r r ed   coke  c o n c e n t r a t i o n   is  at  l eas t   about  



0.15  p e r c e n t .  
In  one  method  of  ca r ry ing   out  this   i nven t ion ,   which  may 

be  combined  with  the  foregoing  method  of  r e t a i n i n g   at  l e a s t  
about  0.05  percent   coke  on  the  sorbent   or  may  be  used  t o  .  
achieve  lower  c o n c e n t r a t i o n s   of  coke,  the  r e g e n e r a t i o n   i s  
c a r r i e d   out  in  an  environment  which  is  non -ox id i z ing   f o r  
the  vanadium  in  an  ox ida t ion   s t a t e   less   than  +5.  This  may 
be  accomplished  by  adding  reducing  gases  such  as,  for  exam- 
ple,   CO  or  ammonia  to  the  r e g e n e r a t o r ,   or  by  r e g e n e r a t i n g  
under  o x y g e n - d e f i c i e n t   c o n d i t i o n s .   Oxygen-de f i c i en t   r e -  
genera t ion   inc reases   the  r a t i o   of  CO  to  C02  and  in  t h i s  
method  of  providing  a  non -ox id i z ing   atmosphere  the  CO/C02 
r a t i o   is  at  l eas t   about  0.25,  p r e f e r a b l y   is  at  l e a s t   a b o u t  
0.3,  and  most  p r e f e r a b l y   is  at  l e a s t   about  0.4.  The  CO/CO -2 
r a t i o   may  be  c o n t r o l l e d   by  c o n t r o l l i n g   the  extent   of  oxygen 
d e f i c i e n c y   within  the  r egene ra to r . ,   The  CO/CO2  r a t i o   may2 
also  be  increased   by  provid ing   ch lo r ine   to  the  r e g e n e r a t o r  
ox id i z ing   atmosphere,   p r e f e r a b l y   in  c o n c e n t r a t i o n s   of  a b o u t  
100  to  about  400  ppm.  These  methods  of  i n c r e a s i n g   the  CO/ 

C02  r a t i o   are  d i s c l o s e d   in  copending  a p p l i c a t i o n s   Ser.  No. 
246,751  f i l ed   March  23,  1981  for  "Addit ion  of  MgCl2  C a t a -  
lys t"   and  Ser.  No.  246,782  f i l ed   March  23,  1981  for  "Addi-  
tion  of  Chlorine  to  Regenera to r" ,   both  in  the  name  of  George 
D.  Myers.  

Regenerat ion  in  a  reducing  atmosphere  is  e s p e c i a l l y  
useful   in  combusting  coke  in  zones  where  the  coke  level   a p -  
proaches  or  is  reduced  below  about  0.05  pe rcen t ,   and  it   i s  
p r e f e r r e d   to  have  a  CO/CO2  r a t i o   of  at  l e a s t   about  0.25  i n  
zones  where  the  coke  loading  is  less   than  about  0.05  p e r c e n t  
by  w e i g h t .  

It  is  e s p e c i a l l y   contemplated  in  ca r ry ing   out  t h i s  
method  that   a  reducing  atmosphere  wil l   be  employed  in  zones 
within  the  r e g e n e r a t o r   wherein  the  sorbent   p a r t i c l e s   are  i n  

a  r e l a t i v e l y   dense  bed,  such  as  in  a  dense  f l u i d i z e d   or  s e t -  
t led  bed.  It  is  e s p e c i a l l y   useful   to  keep  the  vanadium  in  
a  reduced  s ta te   under  such  cond i t i ons   wherein  the  p a r t i c l e s  
are  in  contact   or  in  r e l a t i v e l y   f requent   contac t   with  each 



other ,   and  are  thus  more  l i k e l y   to  coa lesce .   In  c a r r y i n g  
out  this   method  a  reducing  gas,  such  as  for  example  Co, 
methane,  or  ammonia  may  be  added  to  a  zone  having  a  dense  
c a t a l y s t   phase,  such  as  for  example  a  bed  having  a  d e n s i t y  
of  about  25  to  about  50  pounds  per  cubic  f o o t .  

In  another  method  of  ca r ry ing   out  th is   invent ion ,   which 
is  p a r t i c u l a r l y   useful   in  r e g e n e r a t i n g   sorbent   to  a  coke 
level   below  about  0.15  pe rcen t ,   and  is  e s p e c i a l l y   useful  t o  
a t t a i n   a  coke  level   below  about  0.05  pe rcen t ,   the  s o r b e n t  
is  r egenera ted   in  one  or  more  s t ages ,   in  one  stage  of  which ,  
p r e f e r a b l y   the  f ina l   r e g e n e r a t i o n   s t a t e ,   the  sorbent  p a r t i -  
cles  are  in  contac t   with  an  ox id i z ing   atmosphere  for  a  s h o r t  
period  of  time,  such  as  for  example,  less  than  2  s econds ,  
and  more  p r e f e r a b l y   less  than  one  second.  In  the  p r e f e r r e d  
method  of  con tac t ing   the  sorbent   in  an  ox id iz ing   a tmosphere  
the  sorbent   p a r t i c l e s   are  in  a  d i spe r sed   r a the r   than  a  dense  
p h a s e .  

In  the  p r e f e r r ed   method  of  ca r ry ing   out  this   aspect  o f  
the  inven t ion ,   a  r i s e r   r e g e n e r a t o r   is  used  as  the  stage  i n  
a  m u l t i - s t a t e   r e g e n e r a t o r   to  con tac t   the  c a t a l y s t   with  an 
ox id iz ing   atmosphere  for  a  short   period  of  time,  such  as 
for  example  less  than  about  two  seconds  and  p r e f e r ab ly   l e s s  
than  about  one  second.  The  r i s e r   stage  of  the  r e g e n e r a t o r  
has  the  advantage  in  reducing  the  carbon  concen t r a t i on   to  a 
level   less  than  about  0.15  percent   or  less  than  about  0 .05 
pe rcen t ,   that   vanadium,  which  is  no  longer  p ro tec ted   by  a 
coat ing  of  carbon,  may  not  be  in  an  ox id iz ing   atmosphere  f o r  
a  long  enough  time  to  form  molten  +5  vanadium.  Fur ther ,   t h e  
low  dens i ty   of  the  p a r t i c l e s   in  the  r i s e r - r e g e n e r a t o r ,   m i n i -  
mizes  coalescence   of  those  p a r t i c l e s   which  may  have  l i q u i d  
pen t ava l en t   vanadia  on  t h e i r   s u r f a c e s .  

In  the  p r e f e r r ed   method  of  using  a  r i s e r   r e g e n e r a t o r ,  
the  p a r t i c l e s   are  contac ted   with  a  reducing  atmosphere,  such 
as  one  conta in ing   CO  or  other   reducing  gas,  a f t e r   l e a v i n g  
the  r i s e r   and  before  accumulat ing  in  a  dense  bed  of  r e g e n -  
erated  p a r t i c l e s .  

The  p re fe r r ed   r i s e r   r e g e n e r a t o r   is  s imi la r   to  the  ven-  



ted  r i s e r   r eac to r   as  is  d i s c l o s e d   in  U.S.  Patents   4 ,066 ,533  
and  4,070,159  to  Myers  et  al  which  achieves  b a l l i s t i c   s e p a r a -  
t ion  of  gaseous  products   from  c a t a l y s t .   This  appara tus   has 
the  advantages  of  achieving   v i r t u a l l y   i n s t a n t a n e o u s   s e p a r a -  
t ion   of  the  r egenera ted   c a t a l y s t ,   now conta in ing   some  vana-  
dia  to  which  any  oxygen  p r e sen t   would  have  access ,   from  t h e  
o x i d i z i n g   a tmosphe re .  

In  the  p r e f e r r ed   method  of  reducing  the  coke  c o n c e n t r a -  
t ion  to  a  level   less  than  about  0.15  and  e s p e c i a l l y   to  l e s s  
than  0.05%  the  c a t a l y s t   is  con tac ted   with  a  reducing  a tmos-  
phere,   p r e f e r a b l y   immediately  a f t e r   i ts   s e p a r a t i o n   from  t h e  
ox id i z ing   atmosphere  and  most  p r e f e r a b l y   also  in  c o l l e c t i o n  
zones  for  the  r egene ra t ed   c a t a l y s t .  

This  invent ion   may  be  used  in  p rocess ing   any  h y d r o c a r -  
bon  feed  con ta in ing   a  s i g n i f i c a n t   c o n c e n t r a t i o n   of  vanadium. 
It  is,  however,  e s p e c i a l l y   usefu l   in  p rocess ing   r educed  
crudes  having  high  metal  and  high  Conradson  carbon  v a l u e s ,  
and  the  inven t ion   wil l   be  desc r ibed   in  d e t a i l   with  r e s p e c t  
to  i t s   use  in  p rocess ing   an  RCC  f e e d .  

RCC  feed  having  a  high  metal  and  Conradson  ca rbon  
values  is  p r e f e r a b l y   con tac t ed   in  a  r i s e r   with  an  i n e r t  
so l id   sorbent   of  low  sur face   area  at  t empera tures   above 
about  900°F.  Residence  time  of  the  oil  in  the  r i s e r   is  b e -  
low  5  seconds,  p r e f e r a b l y   0.5-2  seconds.  The  p r e f e r r e d   s o r -  
bent  is  a  sp ray -d r i ed   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  range  of  10  to  200 
microns,  p r e f e r a b l y   20  to  150  microns,  and  more  p r e f e r a b l y  
between  40  and  80  microns,   to  ensure  adequate  f l u i d i z a t i o n  
p r o p e r t i e s .  

The  sorbents   useful   in  th is   invent ion  include  so l ids   o f  
low  c a t a l y t i c   a c t i v i t y ,   such  as  spent  c a t a l y s t ,   c lays ,   ben-  
t o n i t e ,   kaol in ,   m o n t m o r i l l o n i t e ,   smec t i t e s ,   and  other   2-  
layered  lamel lar   s i l i c a t e s ,   m u l l i t e ,   pumice,  s i l i c a ,   l a t e r -  
i t e ,   and  combinations  of  one  or  more  of  these  or  l ike  ma- 
t e r i a l s .   The  surface  area  of  these  sorbents   are  p r e f e r a b l y  
below  25  m2/g,  have  a  pore  volume  of  approximately   0.2  c c / g  
or  g rea te r   and  a  m i c r o - a c t i v i t y   value  as  measured  by  t h e  



ASTM  Test  Method  No.  D3907-80  of  below  20. 
The  RCC feed  is  in t roduced   at  the  bottom  of  the  r i s e r  

and  c o n t a c t s   the  sorbent   at  a  temperature   of  l150-1400°F  t o  
y ie ld   a  t empera ture   at  the  exi t   of  the  r i s e r   in  the  s o r b e n t  
disengagement   vessel   of  approximate ly   900-1100°F.  Along 
with  the  RCC  feed,  water,   steam,  naphtha,  flue  gas,  or  o t h e r  

vapors  or  gases  may  be  in t roduced   to  aid  in  v a p o r i z a t i o n   and 
act  as  a  l i f t   gas  to  con t ro l   res idence   t i m e .  

Coked  sorbent   is  r ap id ly   separa ted   from  the  h y d r o c a r b o n  
vapors  at  the  exi t   of  the  r i s e r   by  employing  the  vented  r i -  
ser  concept   developed  by  Ashland  Oil,  Inc . ,   and  desc r ibed   i n  
U.S.  Pa tent   Nos.  4,066,533  and  4,070,159  to  Myers,  et  a l . ,  
which  pa ten t s   are  i nco rpo ra t ed   herein  by  r e f e r e n c e .   Dur ing  
the  course  of  the  t r ea tment   in  the  r i s e r ,   the  metal  and  Con- 
radson  carbon  compounds  are  deposi ted   on  the  so rben t .   A f t e r  
s e p a r a t i o n   in  the  vented  r i s e r ,   the  coked  sorbent   is  d e p o s i -  
ted  as  a  dense  but  f l u f f ed   bed  at  the  bottom  of  the  d i s e n -  
g a g e m e n t  v e s s e l ,   t r a n s f e r r e d   to  a  s t r i p p e r   and  then  to  t h e  
r e g e n e r a t i o n   zone.  The  coked  sorbent  is  then  con tac t ed   w i t h  
an  oxygen -con ta in ing   gas  to  remove  the  carbonaceous  m a t e r i a l  
through  combustion  to  carbon  oxides  to  yield  a  r e g e n e r a t e d  
sorbent   in  accordance  with  this   invent ion .   The  r e g e n e r a t e d  
sorbent   is  then  recycled  to  the  bottom  of  the  r i s e r   where  i t  
again  jo ins   high  metal  and  Conradson  carbon  c o n t a i n i n g   f eed  
to  repea t   the  c y c l e .  

This  vanadia  immobi l iza t ion   method  is  p r e f e r a b l y   em- 
ployed  to  provide  an  RCC  feedstock  for  the  p rocesses   f o r  
c a r b o - m e t a l l i c   oil  convers ion  descr ibed  in  copending  U.S.  
a p p l i c a t i o n s   Ser.  Nos.  94,091;  94,092;  94,216:  94,217  and 
94,227,  r e f e r r e d   to  above.  

The  p r e f e r r ed   feeds  capable  of  being  cracked  by  t h e s e  
RCC  methods  and  appara tuses   are  comprised  of  100%  of  less  o f  
650°F+  ma te r i a l   of  which  at  l eas t   5  wt%,  p r e f e r a b l y   at  l e a s t  
10  wt%,  does  not  boil  below  about  1025°F.  The  terms  "h igh  
molecular   weight"  and/or  "heavy"  hydrocarbons  r e f e r   to  t h o s e  
hydrocarbon  f r a c t i o n s   having  a  normal  bo i l ing   point   of  a t  
l eas t   1025°r  and  include  non-boi l ing   hydrocarbons,   i . e . ,  



those  m a t e r i a l s   which  may  not  boil   under  any  c o n d i t i o n s .  
A  c a r b o - m e t a l l i c   feed  for  p u r p o s e s  o f   this   inven t ion   is- 

one  having  a  heavy  metal  content   of  at  l eas t   about  4  ppm 
nickel   e q u i v a l e n t s ,   (ppm  t o t a l   metals  being  conver ted  t o  
n ickel   e q u i v a l e n t s   by  t h e . f o r m u l a :   Ni  Eq.  =  Ni  +  V/4.8  + 
Fe/7.1  +  Cu/1.23)  a  Conradson  carbon  res idue   value  g r e a t e r  
than  about  1.0,  and  a  vanadium  content   of  at  l e a s t   1.0  ppm. 
The  feeds tocks   for  which  the  invent ion   is  p a r t i c u l a r l y   u s e -  
ful  wi l l   have  a  heavy  metal  content   of  at  l e a s t   about  5  ppm 
of  n ickel   e q u i v a l e n t s ,   a  vanadium  content   of  at  l e a s t   2 .0  
ppm,  and  a  Conradson  res idue   of  at  l e a s t   about  2.0.  The 
g r e a t e r   the  heavy  metal  content   and  the  g r e a t e r   the  p r o p o r - .  
t ion  of  vanadium  in  that   heavy  metal  con ten t ,   the  more  a d -  
vantageous  the  p rocesses   of  th is   inven t ion   become. 

A  p a r t i c u l a r l y   p r e f e r r e d   feeds tock   for  t r ea tmen t   by  t h e  
process   of  the  inven t ion   includes  a  reduced  crude  c o m p r i s i n g  
70%  or  more  of  a  650°F+  ma te r i a l   having  a  f r a c t i o n   g r e a t e r  
than  20%  bo i l i ng   about  1025°F  at  a tmospher ic   p r e s su re ,   a 
metals  content   of  g r ea t e r   than  5.5  ppm  nickel   e q u i v a l e n t s  
of  which  at  l e a s t   5  ppm  is  vanadium,  a  vanadium  to  n i c k e l  
atomic  radio  of  at  l e a s t   1.0,  and  a  Conradson  carbon  r e s i d u e  
g rea t e r   than  4.0.  This  feed  may  also  have  a  hydrogen  t o  
carbon  r a t i o   of  less  than  about  1.8  and  coke  p r ecu r so r s   in  an 
amount  s u f f i c i e n t   to  y ie ld   about  4  to  14%  coke  by  w e i g h t  
based  on  fresh  f e e d .  

Sodium  vanadates   have  low  melt ing  points   and  may  a l s o  
flow  and  cause  p a r t i c l e   coa lescence   in  the  same  manner  as  
vanadium  pen tox ide .   Thus,  it  is  d e s i r a b l e   to  mainta in   low 
sodium  l eve l s   in  the  feed  in  order  to  minimize  c o a l e s c e n c e  
as  well  as  to  avoid  sodium  vanadates  on  the  s o r b e n t .  

With  r e spec t   to  the  t o l e rance   l eve ls   of  heavy  metals  on 
the  sorbent   i t s e l f ,   such  metals  may  accumulate  on  the  s o r -  
bent  to  l eve l s   in  the  range  of  from  about  3000  to  70,000  ppm 
of  t o t a l   metals ,   p r e f e r a b l y   10,000  to  30,000  ppm,  of  which 
5  to  100%,  p r e f e r a b l y   20  to  80%  is  vanadium. 

The  t r e a t i n g   process  according  to  the  methods  of  t h e  
invent ion   wil l   produce  coke  in  amounts  of  1  to  14  percent   by 



weight  based  on  weight  of  fresh  feed.  This  coke  is  l a i d  
down  on  the  sorbent   in  amounts  in  the  range  of  about  0.3  t o  
3  pe r cen t  by   weight  of  so rben t ,   depending  upon  the  s o r b e n t  
to  oi l   r a t i o   (weight  of  sorbent   to  weight  of  feedstock)   i n  
the  r i s e r .   The  s e v e r i t y   of  the  process  should  be  s u f f i c i e n t -  
ly  low  so  that   convers ion   of  the  feed  to  gaso l ine   and  l i g h t -  
er  products   is  below  20  volume  percen t ,   p r e f e r a b l y   below  10 
volume  percen t .   Even  at  these  low  leve ls   of  s e v e r i t y ,   t h e  
t r ea tmen t   process  is  e f f e c t i v e   to  reduce  Conradson  ca rbon  
values  by  at  l e a s t   20  pe rcen t ,   p r e f e r a b l y   in  the  range  of  40 
to  70  percent ,   and  heavy  metals  content   by  at  l e a s t   50  p e r -  
cent ,   p r e f e r a b l y   in  the  range  of  75  to  90  p e r c e n t .  

The  feed,  with  or  without   p r e t r e a t m e n t ,   is  i n t r o d u c e d  
as  shown  in  Fig.  1  into  the  bottom  of  the  r i s e r   along  w i t h  
a  suspension  of  hot  so rben t .   Steam,  naphtha,  water,   f l u e  

gas  and/or  some  other   d i l u e n t   is  p r e f e r a b l y   in t roduced  i n t o  
the  r i s e r   along  with  feed.  These  d i l uen t s   may  be  from  a 
fresh  source  or  may  be  recycled   from  a  process  stream  in  t h e  
r e f i n e r y .   Where  recycle   d i l u e n t   streams  are  used,  they  may 
conta in   hydrogen  s u l f i d e   and  other   su l fur   compounds  which 

may  help  pa s s iva t e   adverse  c a t a l y t i c   a c t i v i t y   by  heavy 
metals  accumulat ing  on  the  c a t a l y s t .   I t  i s   to  be  u n d e r s t o o d  
tha t   water  d i l u e n t s   may  be  in t roduced  e i t h e r   as  a  l iqu id   o r  
as  steam.  Water  is  added  p r i m a r i l y   as  a  source  of  vapor  f o r  
d i s p e r s i n g   the  feed  and  a c c e l e r a t i n g   the  feed  and  sorbent  t o  
achieve  the  vapor  v e l o c i t y   and  res idence   time  d e s i r e d .  
Other  d i l uen t s   as  such  need  not  be  added  but  where  used,  t h e  
t o t a l   amount  of  d i l u e n t   s p e c i f i e d   includes  the  amount  o f  
water  used.  Extra  d i l u e n t   would  fu r the r   increase   the  vapor  
v e l o c i t y   and  fu r the r   lower  the  feed  p a r t i a l   p ressure   in  t h e  
r i s e r .  

As  the  feed  t r a v e l s   up  the  r i s e r ,   it  forms  b a s i c a l l y  
four  products  known  in  the  indus t ry   as  dry  gas,  wet  g a s ,  
naphtha,  and  RCC  or  FCC  feeds tock .   At  the  upper  end  of  t h e  
r i s e r ,   the  sorbent  p a r t i c l e s   are  b a l l i s t i c a l l y   s e p a r a t e d  
from  product  vapors  as  p rev ious ly   descr ibed .   The  s o r b e n t  
which  then  contains   the  coke  formed  in  the  r i s e r   is  sent  t o  



the  r e g e n e r a t o r   to  burn  o f f  t h e   coke  and  the  s epa ra ted   p r o -  
duct  vapors  are  sent  to  a  f r a c t i o n a t o r   for  f u r t h e r   s e p a r a -  
t ion  and  t r ea tmen t   to  provide  the  four  basic  products   i n d i -  
ca ted.   The  p r e f e r r e d   cond i t i ons   for  con t ac t i ng   feed  and 
sorbent   in  the  r i s e r   are  summarized  in  Table  C,  in  which  t h e  
a b b r e v i a t i o n s   used  have  the  fol lowing  meanings:  "Temp."  f o r  
t empera tu re ,   "Dil ."   for  d i l u e n t , . " p p "   for  p a r t i a l   p r e s s u r e ,  
"wgt"  for  weight ,   "V"  for  vapor,  "Res:"  for  r e s i d e n c e ,   "S/0"  
for  sorbent   to  o i l   r a t i o s ,   "sorb."   for  so rben t " ,   "bbl"  f o r  
b a r r e l ,   "MAT"  for  m i c r o a c t i v i t y   by  the  MAT  t e s t   using  a 
s tandard   Davison  f e e d s t o c k ,   "Vel."  for  v e l o c i t y ,   "cge"  f o r  
charge,   "d"  for  dens i ty   and  "Reg."  for  r e g e n e r a t e d .  



In  t r e a t i n g   c a r b o - m e t a l l i c   f eeds tocks   in  a c c o r d a n c e  
with  the  present   inven t ion ,   the  r e g e n e r a t i n g   gas  may  be  any 
gas  which  can  provide  oxygen  to  convert   carbon  to  ca rbon  
oxides .   Air  is  highly  s u i t a b l e   for  th is   purpose  in  view  o f  
i ts   ready  a v a i l a b i l i t y .   The  amount  of  air   r equ i red   p e r  
pound  of  coke  for  combustion  depends  upon  the  des i red   ca rbon  
dioxide  to  carbon  monoxide  r a t i o   in  the  e f f l u e n t   gases  and 

upon  the  amount  of  other  combust ible   m a t e r i a l s   p resen t   i n  
the  coke,  such  as  hydrogen,  s u l f u r ,   n i t rogen   and  other  e l e -  
ments  capable  of  forming  gaseous  oxides  at  r e g e n e r a t o r   con-  
d i t i o n s .  

The  r e g e n e r a t o r   is  operated  at  t empera tu res   in  t h e  

range  of  about  900  to  1500°F,  p r e f e r a b l y   1150  to  1400°F, 
most  p r e f e r a b l y   1200  to  1300°F,  to  achieve  adequate  combus- 
t ion  while  keeping  sorbent   t empera tu res   below  those  at  which 
s i g n i f i c a n t   sorbent   degrada t ion   can  occur.   In  order  t o  
con t ro l   these  t empera tu res ,   i t   is  necessary   to  cont ro l   t h e  
ra te   of  burning  which,  in  turn,   can  be  c o n t r o l l e d   at  l e a s t  
in  part   by  the  r e l a t i v e   amounts  of  ox id i z ing   gas  and  ca rbon  
in t roduced   into  the  r e g e n e r a t i o n   zone  per  un i t   t i m e .  

Refer r ing   in  de t a i l   to  the  drawings,   in  Fig.  1,  p e t r o -  
leum  feeds tock  is  in t roduced  into  the  lower  end  of  r i s e r   r e -  
actor   2  through  i n l e t   l ine  1  at  which  point   i t   is  mixed  w i t h  
hot  r egenera ted   sorbent   coming  from  r e g e n e r a t o r   9  t h r o u g h  
l ine  3. 

The  feedstock  is  p a r t i a l l y   c a t a l y t i c a l l y   cracked  i n  
passing  up  r i s e r   2  and  the  product  vapors  are  separa ted   from 
coke-coated  sorbent   in  vessel   8.  The  sorbent   p a r t i c l e s   move 
upwardly  from  r i s e r   2  into  the  space  wi thin   vesse l   8  and 
f a l l   downwardly  into  dense  bed  16.  The  cracking  p r o d u c t s  
toge the r   with  some  sorbent  f ines  pass  through  h o r i z o n t a l  
l ine   4  into  cyclone  5.  The  gases  are  separa ted   from  t h e  
sorbent   and  pass  out  through  l ine  6.  The  sorbent   fines  drop 
into  bed  16  through  dipleg  19. 

The  spent  sorbent ,   coated  with  coke  and  vanadium  in  a 
reduced  s t a t e ,   passes  through  l ine  7  into  upper  dense  f l u -  
idized  bed  18  within  r egene ra to r   9.  The  spent  sorbent  i s  



f l u i d i z e d   with  a  mixture  of  a i r ,   CO  and  C02  passing  t h r o u g h  
porous  p la te   21  from  lower  zone  20,  is  p a r t i a l l y   r e g e n e r a t e d  
in  bed  18  and  is  passed  into  the  lower  por t ion   of  vented  r i -  
ser  13  through  l ine  11.  Air  is  in t roduced   into  r i s e r   13 
through  l ine  12  where  i t   is  mixed  with  the  p a r t i a l l y   r e g e n -  
e ra ted   sorbent   which  is  forced  r ap id ly   upwards  through  t h e  
r i s e r   and  f a l l s   into  dense  s e t t l e d   bed  17.  Line  14  p r o -  
vides  a  source  of  reducing  gas  such  as  CO  for  bed  17  to  keep 
the  r egenera ted   sorbent   in  a  reducing  atmosphere  and  t h u s  
keep  vanadium  p resen t   in  a  reduced  ox ida t i on   s t a t e .  

Regenerated  sorbent   is  r e tu rned   to  the  r i s e r   r e a c t o r  
2  through  l ine  3,  which  is  provided  with  a  source  of  a  r e -  
ducing  gas  such  as  CO  through  l ine   22. 

In  Fig.  2  spent  sorbent   coated  with  coke  and  vanadium 
in  a  reduced  s t a t e   flow  into  dense  f l u i d i z e d   bed  32  of  r e -  
genera tor   31  through  i n l e t   l ine   33.  Air  to  combust  the  coke 
and  f l u i d i z e   the  sorbent   is  in t roduced   through  l ine  34  and 
porous  p la te   35  which  d i s t r i b u t e s   the  a i r .   Coke  is  bu rned  
and  the  p a r t i a l l y   r egene ra t ed   sorbent   passes  upwardly  i n t o  
r i s e r   r e g e n e r a t o r   36.  The  p a r t i a l l y   r egene ra t ed   s o r b e n t  
which  reaches  the  r i s e r   36  is  contac ted   with  air  from  l i n e  
37  which  completes  the  r e g e n e r a t i o n   and  helps  move  the  s o r -  
bent  r ap id ly   up  the  r i s e r .   The  r e g e n e r a t e d   sorbent   p a s s e s  
upwardly  from  the  top  of  the  r i s e r   36  and  f a l l s   down  i n t o  
dense  s e t t l e d   bed  37.  Dense  bed  37  and  the  zone  above  37 
through  which  the  r egene ra t ed   sorbent   f a l l s   are  s u p p l i e d  
with  a  reducing  gas  such  as  CO  through  l ines   40  and  41.  The 
r egenera ted   sorbent   is  r e tu rned   to  the  r e a c t o r   through  l i n e  
38,  and  the  CO-rich  flue  gases  leave  the  r e g e n e r a t o r   t h r o u g h  
l ine  39. 

Having  thus  desc r ibed   th is   inven t ion   the  fol lowing  Ex- 
ample  is  o f fe red   to  i l l u s t r a t e   it   in  more  d e t a i l .  

Example 
A  c a r b o - m e t a l l i c   feed  at  a  t empera ture   of  about  400°F 

is  fed  at  a  rate   of  about  2000  pounds  per  hour  into  the  b o t -  



tom  of  a  vented  r i s e r   r eac tor   w h e r e  i t  i s   mixed  with  s o r -  
bent  a t  a   temperature   of  about  1275°F  and  a  sorbent  to  o i l  
r a t i o   by  weight  of  about  11. 

The  c a r b o - m e t a l l i c   feed  has  a  heavy  metal  content   o f  
about  200  ppm Nickel  Equivalents   of  heavy  metals  i n c l u d i n g  
100  ppm  vanadium,  and  has  a  Conradson  carbon  content   o f  
about  12  pe rcen t .   About  85  percent   of  the  feed  boi ls   above 
650°F  and  about  20  percent  of  the  feed  boils   above  1025°F. 

The  tempera ture   within  the  r eac to r   is  about  1000°F  and 
the  p r e s su re   is  about  27  psia .   About  20  percent  of  the  feed  
is  conver ted  to  f r a c t i o n s  b o i l i n g - a t   a  temperature  less  t han  
430°F  and  about  10  percent  of  the  feed  is  converted  to  gaso -  
l ine .   During  the  r eac t ion ,   about  11  percent  of  the  feed  i s  
converted  to  coke .  

The  sorbent   conta in ing   about  one  percent  by  weight  o f  
coke  con ta ins   about  20,000  ppm  Nickel  Equivalents   i n c l u d i n g  
about  12,000  ppm  vanadium.  The  sorbent   is  s t r ipped   w i t h  
steam  at  a  temperature   of  about  1000°F  to  remove  v o l a t i l e s  
and  the  s t r i pped   sorbent  is  in t roduced  into  the  upper  zone 
of  the  r e g e n e r a t o r   as  shown  in  Fig.  1  at  a  rate  of  abou t  
23,000  pounds  per  hour,  and  is  p a r t i a l l y   regenera ted   to  a 
coke  c o n c e n t r a t i o n   of  about  0.2  percent   by  a  mixture  of  a i r ,  
CO  and  C02.  The  CO/CO2  r a t io   in  the  f lu id ized   bed  in  t h e  
upper  zone  is  about  0 . 3 .  

The  p a r t i a l l y   regenera ted   sorbent   is  passed  to  the  b o t -  
tom  of  a  r i s e r   r eac to r   where  it   is  contacted  with  air   in  an 
amount  s u f f i c i e n t   to  force  the  sorbent   up  the  r i s e r   with  a 
res idence   time  of  about  1  second.  The  regenera ted   c a t a l y s t ,  
having  a  coke  loading  of  about  0.05  percent  exi ts   from  the  
top  of  the  r i s e r   and  f a l l s   into  a  dense  bed  having  a  r e d u -  
cing  atmosphere  comprising  CO.  The  regenera ted   c a t a l y s t   i s  
recycled  to  the  r i s e r   reac tor   for  contact   with  a d d i t i o n a l  
f e e d .  

I n d u s t r i a l   A p p l i c a b i l i t y  
The  invent ion  is  useful   in  the  t reatment   of  both  FCC 

and  RCC  feeds  as  described  above.  The  present   invent ion  i s  



p a r t i c u l a r l y   useful   in  the  t r ea tmen t   of  high  bo i l ing   c a r b o -  
m e t a l l i c   feedstock  of  extremely  high  metals-Conradson  ca rbon  
values  to  provide  products   of  lowered  m e t a l s - C o n r a d s o n  
carbon  values  s u i t a b l e   for  use  as  feeds tocks   for  FCC  a n d / o r  
RCC  u n i t s .   Examples  of  these  o i l s   are  reduced  crudes  and 
o ther   crude  o i l s   or  crude  oi l   f r a c t i o n s   con ta in ing   m e t a l s  
and/or   res idua  as  above  d e f i n e d .  

This  invent ion   is  p a r t i c u l a r l y   useful   in  p r o c e s s i n g  
f eeds tocks   conta in ing   vanadium  in  a  c o n c e n t r a t i o n   of  o v e r  
about  100  ppm  or  over  about  200  ppm  and  having  Conradson 
carbon  values  g rea t e r   than  about  8%.  Feedstocks  for  which 
the  i nven t ion   is  p a r t i c u l a r l y   use fu l   are  those  in  which  t h e  
vanadium  content   is  at  l e a s t   about  50  percent   of  the  heavy 
metal  con ten t .   However,  th i s   i nven t ion   has  a p p l i c a b i l i t y   i n  
t r e a t i n g   other  feeds tocks   c o n t a i n i n g   s i g n i f i c a n t   l eve ls   o f  
vanadium  and  is  a p p l i c a b l e ,   for  example,  for  t r e a t i n g   a  gas  
o i l   having  a  vanadium  c o n c e n t r a t i o n   g rea t e r   than  about  0 .1  

ppm  and  having  a  Conradson  carbon  value  of  less  than  a b o u t  
1. 

Although  the  t r e a t i n g   process   is  p r e fe rab ly   conduc ted  
in  a  r i s e r   r eac to r   of  the  vented  type,  other  types  of  r i s e r s  
and  other   types  of  r e ac to r s   with  e i t he r   upward  or  downward 
flow  may  be  employed.  Thus,  the  t r e a t i n g   opera t ion   may  be 
conducted  with  a  moving  bed  of  sorbent   which  moves  in  coun-  
t e r - c u r r e n t   r e l a t i o n   to  l i qu id   (unvaporized)  feeds tock   unde r  
s u i t a b l e   con tac t   cond i t ions   of  p r e s s u r e ,   t empera ture   and 
weight  hourly  space  v e l o c i t y .   The  process  c o n d i t i o n s ,   s o r -  
bent  and  feed  flows  and  schematic  flow  of  a  moving  bed 
o p e r a t i o n   are  descr ibed   in  the  l i t e r a t u r e ,   such  as  t h o s e  
d i s c l o s e d ,   for  example,  in  a r t i c l e s   e n t i t l e d   "T.C.  R e f o r -  
ming",  Pet.  Engr.,   April  (1954);  and  "Hyperforming",  P e t .  
Engr . ,   April  (1954);  which  a r t i c l e s   are  i nco rpo ra t ed   h e r e i n  
by  r e f e r e n c e .  



1.  A  p r o c e s s   f o r   t r e a t i n g   a  h y d r o c a r b o n   o i l   f e e d  

h a v i n g   a  s i g n i f i c a n t   c o n t e n t   of   v a n a d i u m   and  C o n r a d s o n  

c a r b o n   to   p r o v i d e   a  p r o d u c t   s u b s t a n t i a l l y   l o w e r   in   v a n a -  

d ium  and  C o n r a d s o n   c a r b o n ,   s a i d   p r o c e s s   c o m p r i s i n g :  

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

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

s t a t e   l o w e r   t h a n   +5  and  coke   a r e   d e p o s i t e d   on  s a i d   s o r -  

b e n t ;  

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

c o k e - c o n t a i n i n g   s p e n t   s o r b e n t ;  

r e g e n e r a t i n g   t h e   s p e n t   s o r b e n t   by  c o n t a c t i n g   i t   w i t h  

an  o x y g e n - c o n t a i n i n g   gas   u n d e r   c o n d i t i o n s   w h e r e b y   t h e  

c o k e   on  s a i d   s o r b e n t   i s   c o m b u s t e d   f o r m i n g   g a s e o u s   p r o d u c t s  

c o m p r i s i n g   CO  and  C02,  s a i d   r e g e n e r a t i o n   b e i n g   c a r r i e d  

o u t   u n d e r   c o n d i t i o n s   w h e r e b y   v a n a d i u m   i s   m a i n t a i n e d   in  a n  
o x i d a t i o n   s t a t e   l e s s   t h a n   +5;  a n d  

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

to  c o n t a c t   f r e s h   f e e d .  

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

a  r e d u c e d   c r u d e   or   c r u d e   o i l   c o n t a i n i n g   100  ppm  or   m o r e  
of   m e t a l s   c o n s i s t i n g   of  n i c k e l ,   v a n a d i u m ,   i r o n   and  c o p p e r  
and  h a v i n g   a  C o n r a d s o n   c a r b o n   v a l u e   of   8  wt%  or  m o r e .  

3.  The  p r o c e s s   of   c l a i m   1  w h e r e i n   s a i d   o i l   f e e d  

p r o d u c t   i s   a  r e d u c e d   c r u d e   or   c r u d e   o i l   c o n t a i n i n g   75  ppm 

or  l e s s   of   v a n a d i u m   and  h a v i n g   a  C o n r a d s o n   c a r b o n   v a l u e  

of  8  wt%  or   l e s s .  

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

in   s p h e r i c a l   form  and  r a n g e s   in  s i z e   f rom  1 0 - 2 0 0   m i c r o n s  

f o r   u s e   in   a  r i s e r   f l u i d i z e d   t r a n s f e r   z o n e .  

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

r e g e n e r a t e d   in  a t   l e a s t   two  s t a g e s ,   in  t h e   f i r s t   s t a g e   o f  

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

bed  w i t h   a  gas  c o n t a i n i n g   l e s s   t h a n   a  s t o i c h i o m e t r i c  



a m o u n t   of   o x y g e n   to  c o n v e r t   t h e   h y d r o g e n   in   s a i d   coke   t o  

H20  and  t h e   c a r b o n   in  s a i d   c o k e   to  CO  and  C02,   and  in  t h e  

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

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

p e r i o d   of   t i m e   of   l e s s   t h a n   a b o u t   2  s e c o n d s .  

6.  The  p r o c e s s   o f   c l a i m   5  w h e r e i n   t he   p a r t i a l l y  

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

m e t r i c   a m o u n t   of   o x y g e n   in  a  r i s e r   r e g e n e r a t o r ,   t h e   r e s i -  

d e n c e   t i m e   of   t h e   s o r b e n t   in  t h e   r i s e r   r e g e n e r a t o r   i s  

l e s s   t h a n   a b o u t   2  s e c o n d s ,   and  t h e   r e g e n e r a t e d   s o r b e n t   i s  

s e p a r a t e d   f rom  t h e   g a s e o u s   p r o d u c t s .  

7.  The  p r o c e s s   of   c l a i m   6  w h e r e i n   t h e   s e p a r a t e d ,  

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

ing   g a s  a n d   i s   t h e n   c o l l e c t e d   in  a  d e n s e   bed  m a i n t a i n e d  

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

8.  The  p r o c e s s   o f   c l a i m   6  w h e r e i n   t h e   r e g e n e r a t e d  

s o r b e n t   i s   s e p a r a t e d   f rom  t he   g a s e o u s   p r o d u c t s   by  b e i n g  

p r o j e c t e d   in  a  d i r e c t i o n   e s t a b l i s h e d   by  t h e   r i s e r   r e g e n e r a -  

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

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

. i n g   in  an  a b r u p t ,   s u b s t a n t i a l l y   i n s t a n t a n e o u s   b a l l i s t i c  

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

9.  The  p r o c e s s   of   c l a i m   1  w h e r e i n   t h e   f e e d   c o n t a i n s  

more  t h a n   100  ppm  v a n a d i u m .  

10.  The  p r o c e s s   of   c l a i m   1  w h e r e i n   t he   c o n c e n t r a t i o n  

of   v a n a d i u m   on  s a i d   s o r b e n t   i s   g r e a t e r   t h a n   5  wt%  b y  

w e i g h t   of  t h e   c a t a l y s t .  
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