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©  Combination  process  for  upgrading  crude  oil  including  demetallizing  and  decarbonizing  thereof. 

@  The  invention  is  concerned  with  upgrading  crude  oil  by 
zeolite  catalytic  cracking  and  particularly  the  residual  portion 
of  atmospheric  distillation  or  that  portion  of  crude  oil  boiling 
above  about  a  middle  distillate  fraction  after  treatment  by  the 
combination  of  vacuum  distillation,  demetallizing  and  decar- 
bonizing  a  vacuum  resid  portion  with  concentrated  acid 
thereby  concentrating  metal  contaminants  in  an  asphalt  pro- 
duct  thereof  separated  from  a  liquid  product  more suitable for 
catalytic  upgrading  with  vacuum  gas  oil. 



BACKGROUND  OF  THE  INVENTION 

FIELD  OF  THE  INVENTION 

The  inven t ion   is  c o n c e r n e d   with  u p g r a d i n g   c rude   oil  by  z eo l i t e  

catalyt ic   c rack ing   and  p a r t i c u l a r l y   the  r es idua l   p o r t i o n   o f  

a tmospher ic   dis t i l la t ion  or  tha t   por t ion   of  crude  oil  boiling  a b o v e  

about  a  middle  dist i l late  f r ac t ion   af ter   t r e a t m e n t   by  the  c o m b i n a t i o n  

of  vacuum  dis t i l la t ion,   demeta l l i z ing   and  deca rbon iz ing   a  v a c u u m  
resid  port ion  with  c o n c e n t r a t e d   acid  t h e r e b y   c o n c e n t r a t i n g   me ta l  

con taminants   in  an  a spha l t   p r o d u c t   t he reo f   s e p a r a t e d   from  a  l i q u i d  

p r o d u c t   more  sui table   for  ca t a ly t i c   u p g r a d i n g   with  vacuum  gas  oi l .  

DESCRIPTION  OF  THE  PRIOR  A R T  

In  gene ra l ,   gasoline  and  o the r   liquid  h y d r o c a r b o n   fuels  boil  i n  

the  range  of  about   38°C  (100°F)   to  about   343°C  (650°F).   H o w e v e r ,  

the  crude  oil  from  which  t hese   fuels  are  made  contains  a  d i v e r s e  

mixture   of  h y d r o c a r b o n s   and  o the r   compounds   which  vary  widely  i n  

molecular  weight   and  t h e r e f o r e   boil  over  a  wide  r ange .   F o r  

example,   c rude   oils  are  known  in  which  30  to  60%  or  more  of  t h e  

total  volume  of  oil  is  composed  of  compounds   boiling  at  t e m p e r a t u r e s  
above  343°C  (650°F) .   Among  these   are  c rudes   in  which  about   10% 

to  about   30%  or  more  of  the  total  volume  consis ts   of  compounds  s o  

heavy  in  molecular   weight   tha t   they   boil  above  552°C  (1025°F)  or  a t  

least  will  not  boil  below  552°C  (1025°F)  at  a tmospher i c   p r e s s u r e .  

Because  these  r e l a t ive ly   a b u n d a n t   high  boiling  components   o f  

c rude   oil  are  unsu i t ab l e   for  inc lus ion   in  gasoline  and  other   l i q u i d  

h y d r o c a r b o n   fuels ,   the  p e t r o l e u m   re f in ing   i n d u s t r y   has  d e v e l o p e d  

p rocesses   for  c racking   or  b r e a k i n g   the  molecules  of  the  h i g h  

molecular  weight ,   high  boil ing  compounds   into  smaller  m o l e c u l e s  

which  do  boil  over  a p p r o p r i a t e   liquid  fuel  boiling  r ange .   T h e  



cracking   p roce s s   which  is  most  widely  used  for  th is   p u r p o s e   is  

known  as  fluid  ca ta ly t i c   c r a c k i n g   (FCC).   A l t h o u g h   the  FCC 

process   has  r e a c h e d   a  h ighly   advanced   s ta te ,   and  many  mod i f i ed  

forms  and  v a r i a t i o n s   have  been  deve loped ,   their   u n i f y i n g   fac tor   is  

that   a  v a p o r i z e d   h y d r o c a r b o n   f eeds tock   is  caused  to  c r ack   at  a n  

elevated  t e m p e r a t u r e   in  con tac t   with  a  c rack ing   c a t a l y s t   tha t   is  

s u s p e n d e d   in  the  f e e d s t o c k   v a p o r s .   Upon  a t t a inmen t   of  the  d e s i r e d  

degree  of  molecular   we igh t   and  boiling  point  r e d u c t i o n   the  c a t a l y s t  

is  s e p a r a t e d   from  the  d e s i r e d   p r o d u c t s .  

Crude   oil  in  the  n a t u r a l   s tate  contains  a  v a r i e t y   of  m a t e r i a l s  

which  tend  to  have   quite  t roub lesome   effects  on  f luid  c a t a l y t i c  

c rack ing   p r o c e s s e s .   Among  these   t roublesome  ma te r i a l s   are  c o k e  

p r e c u r s o r s   ( such   as  a s p h a l t e n e s ,   po lynuc lear   a r o m a t i c s ,   e t c . ) ,  

heavy  metals  ( s u c h   as  n ickel ,   vanadium,   iron,  c o p p e r ,   e t c . ) ,  

l ighter   metals  ( such   as  sodium,  potass ium,   e t c . ) ,   s u l f u r ,   n i t r o g e n  

and  o the r s .   C e r t a i n   of  t h e s e ,   such  as  the  l igh ter   me ta l s ,   can  b e  

removed  s u b s t a n t i a l l y   by  desa l t ing   ope ra t ions ,   which  are  pa r t   of  t h e  

normal  p r o c e d u r e   for  p r e t r e a t i n g   crude  oil  for  f luid  c a t a l y t i c  

c rack ing .   Other   ma te r i a l s ,   such  as  coke  p r e c u r s o r s ,   a s p h a l t e n e s  

and  the  like,  tend  to  b r eak   down  into  coke  d u r i n g   the  c r a c k i n g  

opera t ion ,   with  d e p o s i t s   of  coke  on  the  ca ta lys t   i m p a i r i n g   c o n t a c t  

between  the  h y d r o c a r b o n   f e e d s t o c k   and  the  c a t a ly s t ,   and  g e n e r a l l y  

r educ ing   the  c a t a l y s t   s e l ec t i v i t y   a n d / o r   act ivi ty  level .   The  h e a v y  

metals  of  n ickel ,   v a n a d i u m ,   iron  and  copper  c o n c e n t r a t e d   in  a  343°C 

(650°F)  plus  feed  por t ion   t r a n s f e r   almost  q u a n t i t a t i v e l y   from  t h e  

feeds tock   to  the  c a t a l y s t   s u r f a c e .  

If  the  c a t a l y s t   is  r e u s e d   again  and  again  for  p r o c e s s i n g  

addit ional  f e e d s t o c k ,   which  is  usual ly   the  case,  the  heavy   m e t a l s  

accumulate   on  the  c a t a ly s t   to  the  point  that  they  u n f a v o r a b l y   a l t e r  

the  composit ion  of  the  ca t a lys t   a n d / o r   its  catalyt ic   e f f ec t   upon  t h e  

f eeds tock .   For  example ,   vanad ium  tends   to  form  f luxes   with  c e r t a i n  



components   of  commonly  used  FCC  c a t a l y s t s ,   lowering  the  m e l t i n g  

point   of  por t ions   of  the  ca t a lys t   pa r t i c les   su f f i c i en t ly   so  that   t h e y  

begin  to  s in te r   and  become  inef fec t ive   c rack ing   c a t a l y s t s .  

Accumulat ions   of  vanad ium  and  other   heavy  metals,   e s p e c i a l l y  

nickel ,   are  c o n s i d e r e d   "poison"  to  the  ca t a lys t .   They  tend  i n  

va ry ing   deg rees   to  promote  excess ive   d e h y d r o g e n a t i o n   and  a r o m a t i c  

c o n d e n s a t i o n ,   r e s u l t i n g   in  excess ive   p roduc t i on   of  carbon  and  g a s e s  
with  c o n s e q u e n t   impai rment   of  liquid  fuel  yield.   A  crude  oil  a n d  

res idual   f rac t ions   of  c rude   oil  or  other   heavy  oil  sources   that   a r e  

p a r t i c u l a r l y   a b u n d a n t   in  these   metal  con t aminan t s   exhibit   s imi l a r  

behav io r .   Such  heavy  oil  f r ac t ions   also  comprise   re la t ively  l a r g e  

quan t i t i e s   of  coke  p r e c u r s o r s ,   r e f e r r e d   to  in  the  prior  art  a s  

me ta l lo -o rgan ic   compounds   or  as  ca rbo-meta l l i c   containing  o i l s .  

Such  heavy  r e s idua l   oil  feeds  r e p r e s e n t   a  p a r t i c u l a r   chal lenge  f o r  

u p g r a d i n g   to  liquid  fuel  p r o d u c t s   by  the  pe t ro leum  r e f i n e r .  

In  genera l ,   the  c o k e - f o r m i n g   t e n d e n c y   or  coke  p r e c u r s o r  
content   of  an  oil  f rac t ion   can  be  a s c e r t a i n e d   by  de termining   t h e  

weight   pe r cen t   of  carbon  remain ing   af ter   a  sample  of  that  oil  h a s  

been  py ro lyzed .   The  i n d u s t r y   accepts   this  value  as  a  measure   o f  

the  extent   to  which  a  given  oil  tends  to  form  n o n - c a t a l y t i c   c o k e  

when  employed  as  f e e d s t o c k   in  a  catalyt ic   c r a c k e r .   Two  e s t a b l i s h e d  

tes ts   are  r e c o g n i z e d ,   the  C o n r a d s o n   Carbon  and  Ramsbottom  C a r b o n  

t e s t s ,   the  former  being  d e s c r i b e d   in  ASTM  D189-76  and  the  l a t t e r  

being  de sc r ibed   in  ASTM  Test   No.  D524-76.  In  convent ional   F C C  

p rac t i ce ,   Conradson   carbon   values   on  the  o rder   of  about  0.05  t o  

about   1.0  are  r e g a r d e d   as  indica t ive   of  accep tab le   feed.  T h e  

p r e s e n t   invent ion   is  p a r t i c u l a r l y   conce rned   with  the  use  o f  

pe t ro leum  h y d r o c a r b o n   f e e d s t o c k s   and  res idua l   por t ions   t h e r e o f  

which  provide  r e l a t ive ly   high  Conradson   carbon  values  and  t h u s  

exhibi t   s u b s t a n t i a l l y   g r e a t e r   potent ia l   for  coke  formation  than  l o w e r  

boiling  gas  oil  f e e d s .  



The  heavy   metals  conten t   of  an  oil  is  often  e x p r e s s e d   in  t h e  

prior  art   by  the  following  formula  ( p a t t e r n e d   af ter   t ha t   of  W.  L .  

Nelson  In  Oil  and  Gas  Jou rna l ,   page  143,  October   23,  1961)  in  

which  the  con ten t   of  each  metal  p r e s e n t   is  e x p r e s s e d   in  pa r t s   p e r  
million  of  such  metal,  as  metal,   on  a  weight  bas i s ,   based   on  t h e  

weight  of  f e e d :  

A c c o r d i n g   to  convent iona l   FCC  p rac t ice ,   the  heavy   me ta l  

content   of  f e eds tock   for  FCC  p r o c e s s i n g   is  control led  at  a  r e l a t i v e l y  

low  level,  e .g .   about   0.25  ppm  Nickel  Equiva len ts   or  less.   T h e  

p r e s e n t   i nven t ion   is  conce rned   with  the  p r o c e s s i n g   of  f e e d s t o c k s  

conta in ing  metals  s u b s t a n t i a l l y   in  excess   of  this  va lue   and  w h i c h  

the re fo re   have  a  s ign i f ican t ly   g r e a t e r   potential   for  a c c u m u l a t i n g   on  

and  po i son ing   c a t a l y s t .  

In  conven t iona l   FCC  p r ac t i ce ,   in  which  c i r cu la t ing   i n v e n t o r y   o f  

cata lyst   is  used  again  and  again  in  the  p r o c e s s i n g   of  f r e sh   f e e d ,  

with  per iod ic   or  con t inu ing   minor  addi t ion  and  w i t h d r a w a l   of  f r e s h  

and  spen t   c a t a ly s t ,   the  metal  con ten t   of  the  ca ta lys t   is  m a i n t a i n e d  

at  a  level  which  may  for  example  be  in  the  r ange   of  about   200  t o  

about  600  ppm  Nickel  Equ iva l en t s .   The  process   of  the  p r e s e n t  

invent ion  is  c o n c e r n e d   with  the  use  of  equi l ibr ium  c a t a l y s t   hav ing   a 

subs t an t i a l   metals  conten t   up  to  5000  or  6000  ppm  of  Ni  +  V  o r  

h igher   and  which  t h e r e f o r e   has  a  t e n d e n c y   to  p r o m o t e  

d e h y d r o g e n a t i o n ,   aromatic  c o n d e n s a t i o n ,   gas  p r o d u c t i o n   a n d / o r   c o k e  

formation.   T h e r e f o r e ,   high  metals  accumulat ion  on  ca t a lys t   is  

normally  r e g a r d e d   as  quite  u n d e s i r a b l e   in  FCC  p r o c e s s i n g .  

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

ca rbo-meta l l i c   conta in ing   heavy  oil  f rac t ions   to  form  gasol ine   a n d  

other   liquid  fuels .   Several   p roposa l s   involve  t r e a t i n g   the  heavy  oil 



feed  to  remove  the  metal  t h e r e f r o m   p r io r   to  c r ack ing ,   such  as  b y  

h y d r o t r e a t i n g ,   so lvent   ex t r ac t i on   and  complexing   with  F r i e d e l - C r a f t s  

c a t a l y s t s ,   but  these   t e c h n i q u e s   have  been  cr i t icized  as  u n j u s t i f i e d  

economically.   Another   p roposa l   employs  a  combinat ion  c r a c k i n g  

p roces s   having  "dir ty   oil"  and  "clean  oil"  uni t s .   Still  a n o t h e r  

p roposa l   blends  res idua l   oil  with  gas  oil  and  controls   the  q u a n t i t y  
of  res idua l   oil  in  the  mixture   in  r e l a t ion   to  the  equ i l ib r ium  f l a s h  

v a p o r i z a t i o n   t e m p e r a t u r e   at  the  bot tom  of  a  r i se r   h y d r o c a r b o n  
conver s ion   zone  employed  in  the  p r o c e s s .   Still  a n o t h e r   p r o p o s a l  

sub jec t s   the  feed  to  a  mild  p r e l i m i n a r y   h y d r o c r a c k i n g   o r  

h y d r o t r e a t i n g   opera t ion   before   it  is  i n t r o d u c e d   into  the  c r a c k i n g  
uni t .   It  has  also  been  s u g g e s t e d   to  contact   a  c a r b o - m e t a l l i c  

con ta in ing   oil  feed  such  as  r e s idua l   or  r e d u c e d   crude  oils  with  h o t  

taconi te   pellets  to  p roduce   gasol ine .   This  is  a  small  sampling  of  t h e  

many  proposals   which  have  a p p e a r e d   in  the  pa ten t   l i t e r a t u r e   a n d  

technical   r e p o r t s .   Various  o ther   me thods   for  removing   m e t a l  

con taminan t s   or  carbo-meta l l ic   compounds   from  the  heavy  oil  p o r t i o n  
of  c rude   oils  have  been  s u g g e s t e d   in  the  prior   art .   Some  of  t h e s e  

are  as  fol lows:  

Powell  2 ,778 ,777  -   Crude   oils  are  t r e a t e d   with  a  10%  s u l f u r i c  

acid  solution  and  then  with  an  a lkal ine   solution  to  form  m e t a l  

compounds  soluble  in  a  water   p h a s e   for  removal  from  the  oil 

p h a s e .  

Erdmond  3,190,829  removes  heavy   metals  from  pe t ro leum  o i l s  

by  t r ea t ing   with  methyl  or  ethyl   su l fonic   a c i d s .  

Adams  3,245,902  removes  nickel  and  vanadium  from  p e t r o l e u m  

f rac t ions   by  t r ea tmen t   with  h y d r o f l u o r i c   acid  at  a  t e m p e r a t u r e  

in  the  range   of  121°C-191°C  (250-375°F)   for  10  to  60  m i n u t e s .  



Schulze   4046687  is  c o n c e r n e d   with  t r e a t i ng   a q u e o u s   solution  of 

a r s e n i c ,   ant imony  and  b ismuth   with  a  wate r   i n so lub le   or  low 

so lub i l i ty   salt  of  p h o s p h o r i c   acid  or  an  es te r   t h e r e o f .  

Blytas   4048061  uses  acidif ied  active  carbon   to  remove  l e a d ,  

c o p p e r ,   n ickel ,   vanad ium  and  i r o n .  

K l u k s d a h l   4192736  rel ies  upon  alumina  p romoted   w i th  

p h o s p h o r o u s   oxide  to  remove  nickel  and  vanad ium  f rom 

p e t r o l e u m   r e s i d .  

Gould  4197192  uses  an  organic  p e r o x y a c i d   to  oxidize  a 

p e t r o l e u m   feed  to  remove  vanadium  and  n i c k e l .  

Some  c rude   oils  are  r e l a t ive ly   free  of  coke  p r e c u r s o r s   or  h e a v y  

metals  or  bo th ,   and  the  most  t roublesome  c o m p o n e n t s   of  crude  oil 

are  for  the  most  pa r t   c o n c e n t r a t e d   in  the  h i g h e s t   boi l ing   f r a c t i o n s .  

A c c o r d i n g l y ,   it  has  been  poss ib le   he re to fo re   to  l a r g e l y   avoid  t h e  

problems  of  coke  p r e c u r s o r s   and  heavy  metals  by  sac r i f i c ing   t h e  

liquid  fuel  yield  which  would  be  potent ia l ly   ava i l ab le   from  t h e  

h ighes t   boil ing  vacuum  res id   f ract ion  c o m p r i s i n g   the  meta l  

con t aminan t s   and  s u b s t a n t i a l   Conradson   Carbon.   More  p a r t i c u l a r l y ,  

conven t iona l   FCC  p r ac t i c e   has  employed  as  f e e d s t o c k   that   f r a c t i o n  

of  c rude   oil  which  boils  in  the  range   of  at  about   343°C  (650°F)  to  

about   538°C  (1000°F) .   Such  f rac t ions   are  r e l a t i v e l y   free  of 

C o n r a d s o n   carbon   coke  p r e c u r s o r s   and  heavy  metal  c o n t a m i n a t i o n .  

Such  f e e d s t o c k ,   known  as  "vacuum  gas  oil"  (VGO)  is  g e n e r a l l y  

p r e p a r e d   from  c rude   oil  by  dis t i l l ing  off  the  f r a c t i o n s   boiling  below 

about  343°C  (650°F)  at  a t m o s p h e r i c   p r e s s u r e   and  t hen   s e p a r a t i n g  

the  343°C  (650°F)  plus  f rac t ion   by  vacuum  d i s t i l l a t ion   from  t h e  

heavier   r e s id   f rac t ion   as  vacuum  gas  oil  boil ing  be tween   a b o u t  

343°C  (650°F)   up  to  about   482°C  (900°F)  or  552°C  ( 1 0 2 5 ° F ) .  



The  vacuum  gas  oil  plus  a t m o s p h e r i c   gas  oils  is  used  as  the  oil 

f eeds tock   in  c o n v e n t i o n a l   FCC  p r o c e s s i n g .   The  h e a v i e r   r e s i d  

f ract ion  of  vacuum  d is t i l la t ion   is  normally  employed  for  a  v a r i e t y   of 

other   p u r p o s e s ,   such  as  for  i n s t a n c e   the  product ion   of  a s p h a l t ,   #6 

fuel  oil,  or  used  as  marine  B u n k e r   C  fuel  oil.  The  p r e s e n t  
invent ion   is  c o n c e r n e d   with  r e c o v e r i n g   a  part ial ly  d e m e t a l l i z e d  

por t ion  of  these   h e a v i e r   oil  f r ac t ions   containing  s u b s t a n t i a l  

quan t i t i e s   of  both  coke  p r e c u r s o r s   and  heavy  metals  c o n t a m i n a n t s   a s  
well  as  o ther   t r o u b l e s o m e   componen t s .   The  r ecove ry   p a r t i a l l y  

demetal l ized  resid  por t ion   of  vacuum  dist i l lat ion  is  then  used  with  a 

lower  boiling  gas  oil  f rac t ion   t h e r e b y   increas ing   the  volume  of 

charge   oil  w h e r e b y   an  i n c r e a s e d   overall   yield  of  gasoline  and  o t h e r  

h y d r o c a r b o n   liquid  fuels  may  be  real ized  from  a  given  q u a n t i t y   of  

crude  oi l .  

The  oil  feeds  capable   of  being  catalyt ical ly  c racked  f o l l o w i n g  

the  acid  t r e a t m e n t   of  this  inven t ion   are  those  which  include  at  l e a s t  

about   70  p e r c e n t   of  which  boil  above  343°C  (650°F)  and  con ta in   a 

carbon  r e s i d u e   on  p y r o l y s i s   and  up  to  about  4  parts   per  million  o f  

nickel  e q u i v a l e n t s   of  heavy   metals .   Examples  of  these  oil  f eeds   a r e  

f rac t ions   of  c rude   oils  such  as  t opped   c rudes ,   residual   or  r e d u c e d  

c r u d e s ,   r e s i d u a ,   and  e x t r a c t s   from  solvent   d e - a s p h a l t i n g .   T h e  

unusua l ly   large  amount   of  coke  which  deposi ts   on  the  c a t a l y s t   in  

ca rbo-meta l l i c   oil  p r o c e s s i n g   p r e s e n t s   critical  problems,   the  p r i m a r y  

problem  a r i s ing   from  the  fact  tha t   the  react ions   in  the  r e g e n e r a t o r  
which  conve r t   coke  to  wate r ,   ca rbon   monoxide  and  carbon  d i o x i d e  

are  highly  e x o t h e r m i c .   Using  a  carbo-metal l ic   feed  with  i t s  

unusua l l y   high  c o n t e n t   of  coke  p r e c u r s o r s   as  compared  to  gas  oil 

FCC  feeds ,   can  s u b s t a n t i a l l y   i n c r e a s e   the  amount  of  coke  to  b e  

b u r n e d   in  the  r e g e n e r a t o r   and  thus   the  r egenera t ion   t e m p e r a t u r e s  

ran  become  e x c e s s i v e   if  there   is  t h o r o u g h   burn ing   of  d e p o s i t e d  

coke.  Excess ive   r e g e n e r a t i o n   t e m p e r a t u r e s   can  p e r m a n e n t l y  

deac t iva te   t h e  c a t a l y s t   a n d / o r   damage  the  r e g e n e r a t i n g   e q u i p m e n t .  



The  heat  of  combust ion   of  coke  depends   upon  the  c o n c e n t r a t i o n  

of  h y d r o g e n   in  the  coke  and  the  ratio  of  C02  to   CO  in  the  p r o d u c t s  

of  combus t ion .   Carbon  p r o d u c e s   13,910  BTU  per  pound   w h e n  

bu rned   to  C02  and  only  3,962  BTU  per  pound  when  b u r n e d   to  CO.  

H y d r o g e n   p roduces   61,485  BTU  per  pound  when  b u r n e d   to  H 2 0 .  
The  heats   of  combust ion  of  coke  for  th ree   r e p r e s e n t a t i v e   levels  of  

h y d r o g e n   and  four  d i f f e r e n t   ra t ios   of  CO2/CO  are  given  in  t h e  

following  t a b l e :  

The  problems  e n c o u n t e r e d   in  r e g e n e r a t i n g   ca ta lys t s   coated  w i t h  

a  high  concen t r a t i on   of  coke  may  be  a g g r a v a t e d   when  ca ta lys t s   o f  

the  c rys t a l l i ne   zeolite  or  molecular   sieve  type  are  used .   T h e s e  

ca t a ly s t s ,   which  are  c r y s t a l l i n e   a luminosi l icates   made  up  of  

t e t r a c o o r d i n a t e d   aluminum  atoms  assoc ia ted   t h r o u g h   oxygen   a toms 

with  silicon  atoms  in  the  c r y s t a l l i n e   s t r u c t u r e ,   are  su scep t i b l e   to  a  

rapid  loss  of  c rack ing   ac t iv i ty   by  accumulated   metal  c o n t a m i n a n t s  

upon  e x t e n d e d   e x p o s u r e   to  high  t e m p e r a t u r e s .   T h e r e f o r e ,   a n y  

economically  accep tab le   method  for  r educ ing   depos i t ed   meta l  



contaminants   and  C o n r a d s o n   carbon  is  c o n s i d e r e d   an  advance   in  t h e  

i n d u s t r y .  

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

Accord ing ly   one  object  of  this  i n v e n t i o n   is  to  p rov ide   a  m e t h o d  

for  conver t ing   ca rbo-me ta l l i c   conta in ing  r e s idua l   oils  to  liquid  f u e l s .  

Another   objec t   is  to  provide  a  ca rbo-meta l l i c   c o n t a i n i n g  

res idual   oil  c o n v e r s i o n   process   which  e f fec t ive ly   r educes   t h e  

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  p r o v i d e d   ca ta lys t   r e g e n e r a t i o n  

o p e r a t i o n .  

It  is  still  a n o t h e r   object  to  p rov ide   a  ca rbo-meta l l i c   c o n t a i n i n g  

res idual   oil  c o n v e r s i o n   process   where in   s u b s t a n t i a l   quan t i t i e s   o f  

metal  con taminan t s   and  Conradson   c a rbon   are  removed  from  a 

port ion  of  vacuum  res id   passed  to  ca ta ly t i c   c r a c k i n g .  

In  a cco rdance   with  one  f u r t h e r   a s p e c t   of  this  i nven t ion ,   t h e  

metal  con taminan t s   in  the  crude  oil  f r ac t ion   to  be  u p g r a d e d   a r e  

removed  as  a  func t ion   of  two  v a r i a b l e s .   The  var iab les   are  ( 1 )  

oxidation  of  a  che la ted   metals  to  give  a  water   soluble  metal  and  ( 2 )  

p rec ip i t a t ion   of  a s p h a l t e n e s   and /o r   a romat ic   mater ials   with  which  t h e  

metals  are  c h e l a t e d .   By  effect ing  metal  contaminant   removal  a s  

here in   p r o v i d e d ,   the  amount  of  heavy  h y d r o c a r b o n   material   r e m o v e d  

from  the  f e e d s t o c k   is  in  the  r ange   of  0.1%  to  20%  by  w e i g h t  

depend ing   on  the  feed  stock  being  p r o c e s s e d .   The  metals  r e m o v a l  

accomplished  by  the  method  of  this  i n v e n t i o n   inc ludes   from  15%  u p  

to  82%  nickel;  from  5%  up  to  95%  vanad ium  and  about   50%±  10%  i r o n .  

More  p a r t i c u l a r l y ,   there  is  added  to  a  given  amount  of  a  h e a v y  

oil  f ract ion  from  0.5  to  2.0%  ( w e i g h t / w e i g h t )   of  a  c o n c e n t r a t e d   a c i d  



such  as  85%  phosphor i c   acid,   concen t r a t ed   su l fur ic   and  n i t r ic   a c i d .  

The  m i x t u r e   thus   formed  of  the  heavy  oil  f rac t ion   and  p h o s p h o r i c  

acid  is  h e a t e d   to  a  t e m p e r a t u r e   of  at  least  66°C  (150°F)  a n d  

p r e f e r a b l y   from  about  104°C  to  177°C  (220°F  to  350°F)  for  a  p e r i o d  

of  time  s u f f i c i e n t   for  r eac t ion   to  occur.   Dur ing   hea t ing   of  t h e  

formed  m i x t u r e   an  organo  metal  complex  is  formed  with  c o n t a m i n a n t s  

and  a s p h a l t e n e s   which  p r e c i p i t a t e   out.  The  thus  t r e a t e d   heavy  oil 

f ract ion  is  then  s epa ra t ed   from  the  p rec ip i ta te   at  the  t e m p e r a t u r e   a t  

which  it  is  formed.   This  p r o c e d u r e   p roduces   a  heavy   oil  f r a c t i o n  

with  a  lower  metals  con ten t   of  lower  Ramsbottom  ca rbon   va lue ,   t h e  

densi ty   of  the  heavy  oil  f ract ion  is  thus  improved   and  t h e  

c r ackab i l i t y   of  the  thus  t r e a t e d   resid  heavy  oil  por t ion   to  fo rm 

liquid  t r a n s p o r t a t i o n   fuels  is  great ly   enhanced .   The  s u b s t a n t i a l  

metals  removal   accomplished  by  the  method  and  p roces s   of  t h i s  

invent ion   s u b s t a n t i a l l y   improves   the  cracking  c a t a ly s t   on  s t ream  life 

by  r e d u c i n g   the  rate  of  metals  deposit ion  t h e r e o n .  

A  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  d r awing   is  a  schemat ic   flow  diagram  of  a  p r e f e r r e d   s y s t e m  

for  p r a c t i c i n g   the  i n v e n t i o n .  

DISCUSSION  OF  SPECIFIC  EMBODIMENTS 

R e f e r r i n g   now  to  the  d rawing ,   a  topped  c r u d e   oil  f r a c t i o n  

obta ined  from  the  bottom  of  an  a tmospher ic   d i s t i l l a t ion   tower  is 

cha rged   to  the  combination  p rocess   of  this  i n v e n t i o n .   The  t o p p e d  

crude  is  s e p a r a t e d   from  an  a tmospher ic   d i s t i l l a t ion   tower  ( n o t  

shown)  with  an  initial  boil ing  point  within  the  r a n g e   of  316°C  to  

371°C  (600  to  700°F)  and  more  usually  about  343°C  (650°F) .   T h e  

thus  o b t a i n e d   topped  c rude   is  charged   by  condui t   2  to  f u rnace   4.  

Stream  is  c h a r g e d   by  condui t   6  for  admixture   with  the  h e a v y  



res idual   po r t i on   of  the  crude  oil  in  conduit   2  to  r e d u c e   c o k i n g  
thereof   within  the  fu rnace   tubes  dur ing   h e a t i n g   t he r eo f   to  a 

t e m p e r a t u r e   wi thin   the  r ange   of  about  388°C  (730°F)   up  to  a b o u t  

454°C  (850°F)   be fore   d i s c h a r g e   by  condui t   8  into  a  lower  b o t t o m  

port ion  of  a  vacuum  d is t i l la t ion   tower  10.  A  p r e s s u r e   is  m a i n t a i n e d  

within  a  bot tom  por t ion   of  tower  10  within  the  r a n g e   of  25  to  50  mm 

of  Hg.  Steam  is  added  to  the  tower  10  by  condui t   12  to  ass i s t   w i t h  

obtaining  s e p a r a t i o n   of  light  and  heavy  vacuum  gas  oils  from  t h e  

res idual   oil  to  t opped   crude  f ract ion  cha rged   to  tower   10.  A  h e a v y  

gas  oil  f r ac t ion   is  w i t h d r a w n   by  conduit   14  from  a  t r ay   within  t o w e r  

10,  passed   to  pump  16  for  passage   to  hea t   e x c h a n g e   18. 

T h e r e a f t e r   a  po r t ion   of  the  heavy  vacuum  gas  oil  is  r e c y c l e d   to  t h e  

tower  by  condu i t   20,  ano the r   portion  thereof   is  r e c y c l e d   by  c o n d u i t  

22  to  the  tower  10  and  a  por t ion  is  wi thdrawn  by  c o n d u i t   24  for  u s e  

as  d i s cus sed   b e l o w .  

A  l ight  gas  oil  f rac t ion  is  wi thdrawn  from  an  u p p e r   l i q u i d  

accumulat ion  t r ay   in  tower  10  by  conduit   26  for  p a s s a g e   to  pump  28 

and  heat  e x c h a n g e r   30.  A  port ion  of  the  w i t h d r a w n   l ight   cycle  oil 

or  light  vacuum  gas  oil  is  recyc led   to  an  upper   p o r t i o n   of  tower  10 

as  ref lux  by  condu i t   32.  Ano the r   port ion  is  w i t h d r a w n   by  c o n d u i t  

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

A  vacuum  res id   is  w i thd rawn   from  the  bottom  of  tower  10  b y  

conduit   36  and  pas sed   to  a  mixing  tank  38.  P h o s p h o r i c   acid  o f  

about  85%  c o n c e n t r a t i o n   is  cha rged   by  condui t   40  to  mixing   tank  38 

maintained  a f te r   104°C  (220°F)  after  admix ture   with  v a c u u m   resid  in  

conduit   36.  A  weigh t   ratio  of  resid  to  p h o s p h o r i c   acid  in  a  r a n g e  

of  0.5  to  1  is  ma in ta ined   in  mixing  tank  38.  The  m i x t u r e   formed  in  

tank  38  is  then   passed   by  condui t   42  to  heat  e x c h a n g e r   44  a n d  

thence  to  a  f i r s t   se t t l ing   tank  46.  A  f i rs t   p r e c i p i t a t e   compr i s i ng   a n  

organometal l ic   p h o s p h o r o u s   complex  formed  in  s e t t l i n g   tank  46 

maintained  at  a  t e m p e r a t u r e   of  at  least  104°C  (220°F)   up  to  a b o u t  



177°C  (350°F)  is  collected  in  the  bottom  of  the  tank.   Means  a r e  

provided  in  the  bottom  of  tank  46  for  sc rap ing   or  o t h e r w i s e  

providing  for  removal   of  the  aspha l t ic   p r e c i p i t a t e   as  by  condu i t   48 

for  passage   to  a spha l t   p r o c e s s i n g .   A  port ion  of  the  m a t e r i a l  

charged  to  t ank   46  and  not  completely  r eac t ed   to  form  the  me ta l  

complex  p r e c i p i t a t e   is  passed  from  tank  46  by  condui t   50  to  a  

second  se t t l ing   t ank   52.  Tank  52  is  main ta ined   at  a  t e m p e r a t u r e   o f  

at  least  104°C  (220°F)   wherein  an  addi t ional   metal  complex  a s p h a l t i c  

prec ip i ta te   is  fo rmed  and  which  set t les   to  the  bottom  of  the  t a n k .  

Means  are  p r o v i d e d   in  the  bottom  of  the  tank  for  col lect ing  a n d  

removing  the  fo rmed   p rec ip i t a t e   as  by  condui t   54.  The  p r e c i p i t a t e s  

removed  by  c o n d u i t s   48  and  54  are  joined  toge the r   and  p a s s e d   b y  

conduit   56  to  a  hea t   e x c h a n g e r   58  p rov id ing   heat  su f f i c i en t   t o  

maintain  the  p r e c i p i t a t e   phase   fluid  for  pa s sage   by  condu i t   60  t o  

asphalt ic  mater ia l   p r o c e s s i n g .  

The  vacuum  res id   thus  t r e a t e d   to  remove  metal  c o n t a m i n a n t s  

and  some  a s p h a l t e n e s   along  with  some  Conradson   ca rbon   o r  

Ramsbottom  c a r b o n   p r o d u c i n g   components   is  wi thdrawn  from  t ank   52 

by  conduit  62  compr i s ing   heat  e x c h a n g e r   64  for  p a s s a g e   to  a  f l u i d  

catalyst   c r a c k i n g   uni t   (not  shown)  along  with  vacuum  gas  o i l s  

recovered   by  c o n d u i t s   24  and  34  as  above  d i s c u s s e d .  

A  r e d u c e d   c r u d e   or  vacuum  resid  t r e a t e d   as  he re in   d e s c r i b e d ,  

provides  a  p a r t i a l l y   demetall ized  and  d e c a r b o n i z e d   feed  or  heavy   oil 

fraction  more  s u i t a b l e   for  cata lyt ic   c r ack ing   benef i ca t ion .   Thus   i n  

one  specific  example   in  which  0.895%  p h o s p h o r i c   acid  was  added   t o  

the  resid  f r a c t i o n ,   removed  5.06%  of  mater ial   from  the  feed.   O f  

this  removed  ma te r i a l ,   58.33%  is  hexane   insolubles   and  0.18%  T H F  

insolubles .   P r o c e s s i n g   by  ca ta lyt ic   c r ack ing   such  acid  t r e a t e d  

material  admixed  with  a tmospher ic   and  vacuum  gas  oils  boil ing  a b o v e  

about  288°C  (550°F)   p rovides   a  feed  su i tab le   to  obtain  an  i n c r e a s e  

of  18.34  vol  %  of  gasol ine  and  a  19  p e r c e n t   r educ t ion   in  coke  m a k e .  



The  metals  removal  capab i l i ty   and  feed  conve r s ion   a t t r i b u t e d   to  

the  method  and  p rocess   of  the  inven t ion   is  r e p r e s e n t e d   by  t h e  

following  d a t a .  

In  Table  1  below  an  equ i l ib r ium  zeolite  c rack ing   c a t a l y s t  

iden t i f ied   as  Davision  GRZ-1  and  used  in  the  p rocess   of  t h i s  

inven t ion   is  ident i f ied   in  s u b s t a n t i a l   m e a s u r e .   Table  1  a l so  

p r o v i d e s   a  comparison  of  the  ca t a lys t   before   and  after   a c id  

t r e a t m e n t   p a r t i c u l a r l y   with  p h o s p h o r i c   acid  and  the  effect  of  

s u b s e q u e n t   ca ta lys t   r e g e n e r a t i o n   in  the  ca t a lys t   p r o c e s s i n g   a c t i v i t y .  

In  p r e p a r i n g   the  r e s u l t s   of  F igure   1,  an  equi l ibr ium  c a t a l y s t  

(GRZ-1  and  desc r ibed   in  the  Table )   is  used  in  a  c rack ing   o p e r a t i o n  

in  which  highly  c o n t a m i n a t e d ,   carbon  con tamina ted   r e s i d u a l  

f e e d s t o c k ,   (a  heavy  vacuum  gas  oil  p r e p a r e d   in  a p p a r a t u s   a s  

d e s c r i b e d   in  the  Figure  but   de le t ing   all  e lements   numbered   h i g h e r  

than  40)  is  fed  to  a  conven t iona l   fluid  ca ta lyt ic   c rack ing   a p p a r a t u s  

in  which  the  ca ta lys t   c i r cu la t e s   be tween   a  r i se r   c r ack ing   zone  and  a 

r e g e n e r a t i o n   zone  in  which  ca rbon   is  removed  by  oxidat ion.   T h e  

p h o s p h o r i c   acid  is  mixed  with  the  vacuum  tower  bottoms  as  s h o w n  

in  the  Figure   and  the  m ix tu re   then  moves  (wi thou t   the  need  f o r  

mixing  tank  38  which  may  op t iona l ly   be  p r o v i d e d )   d i rec t ly   into  t h e  

FCC  or  RCC  unit  shown  at  the  r i g h t - h a n d   side  of  the  d r a w i n g .  

The  p h o s p h o r i c   acid  will  g e n e r a l l y   be  of  the  commercial  85% 

c o n c e n t r a t i o n   but  may  be  of  lower  or  h i g h e r   c o n c e n t r a t i o n   and  m a y  
be  p remixed   with  a  small  amount   of  emuls i fy ing   agen t   and  oil  to  a i d  

in  d i s p e r s i o n .   The  p h o s p h o r i c   acid:  vacuum  bottoms  weight   r a t i o  

is  0.01  in  the  tests   shown  in  Table   1.  This  ratio  will  p r e f e r a b l y   b e  

in  the  range   of  about   0.001  to  about   0 .05,   more  p r e f e r a b l y   f r o m  

about   0.003  to  about  0.03  and  most  p r e f e r a b l y   from  about  0.005  t o  

about   0.015  weight  r a t i o .  



In  this  embodiment   of  the  i nven t ion ,   p h o s p h o r i c   acid  is  not  t h e  

only  acid  which  may  be  used .   I n s t e a d ,   other   acids,   e . g . ,   s u l f u r i c  

acid  (e i the r   oleum  or  lower  c o n c e n t r a t i o n   of  H2SO4),  or  o t h e r  

s t rong   mineral  acid  may  be  uti l ized  t hough   ni tr ic   and  h y d r o h a l i c  

acids  will  be  less  p r e f e r r e d   because   of  their   con tamina t ing   n i t r o g e n  

and  halogen  anions  which  can  cause  damage  to  the  ca ta lys t   a n d / o r  

a p p a r a t u s .   Acidic  acid  may  also  be  employed  in  place  of  p h o s p h o r i c  

acid  as  the  p r inc ipa l   objec t ive   is  to  p rov ide   r e g e n e r a t i o n   of  a c i d  

sites  on  the  zeolite  in  the  ca ta lys t   material .   The  zeolite  i s  

embedded  in  an  i no rgan i c   matrix  which  can  be  readi ly   p e n e t r a t e d   b y  

the  acids  and  con tac t   be tween   the  acid  and  the  zeolite  t h o u g h   n o t  

wishing  to  be  bound   by  any  t h e o r y ,   a p p a r e n t l y   the  c o m b i n a t i o n  

p r e s e n c e   of  the  zeoli te ,   the  inorganic   mat r ix ,   e . g . ,   alumina  or  s i l i c a  

and  the  acid  acts  to  p rov ide   composite  molecules  in  the  i n o r g a n i c  

matr ix   which  molecules  provide   acid  s i tes .   These  acid  s i t e s  

exce l l e ra te   the  c r a c k i n g   of  the  heavy  molecules  conta ined  in  t h e  

vacuum  tower  bot toms  or  other   r e s i d u u m s   being  p r o c e s s e d .   T h i s  

c r ack ing   p rov ides   p r o d u c t s   of  smaller  molecular  weight  which  c a n  

then  enter   t h r o u g h   the  inorganic   matr ix   and  contact   the  z e o l i t e  

por t ion   of  the  c a t a ly s t   conta ined  within  the  matr ix .   Upon  c o n t a c t  

be tween   the  vapor   and  the  zeolite,  f u r t h e r   c rack ing   occurs   and  t h e  

final  p r o d u c t s   are  l a rge ly   in  the  va luable   t r a n s p o r t a t i o n   fuel  r a n g e  
of  boiling  po in t s ,   e . g .   l ight  cycle  oil,  gasol ine,   and  C 3 - C 4  

h y d r o c a r b o n s .  



Table  2  on  the  other   hand  ident i f ies   a  feed  s tock  p r o c e s s e d   by  t h e  

method  of  the  invent ion   and  ident i f ied   as  735  tank  ( 2 / 7 / 8 1 ) .   T h e  

feed  is  a  mixed  composition  of  crude  oil  as  i d e n t i f i e d .  





Table  3  p r e s e n t e d   below  ident i f ies   the  yields  obta ined  w h e n  
p r o c e s s i n g   by  ca ta ly t ic   cracking  the  f e e d s t o c k   of  Table  2  with  a n d  
wi thout   acid  t r e a t m e n t .  







The  data  p r e s e n t e d   in  Table  3  above  shows  quite  clearly  t h e  

improved  r e su l t s   ob ta ined   when  p r a c t i c i n g   the  method  and  c o n c e p t s  

of  the  i n v e n t i o n s .   That   is,  the  acid  t r e a t e d   feed  used   in  t e s t  

PDU168  shows  a  lower  C3  -   gas  yield,   an  i n c r e a s e d   yield  of  C 5  -  
221°C  (430°F)  gasol ine   p r o d u c t   and  h ighe r   s e l e c t i v i t y ,   a  h i g h e r  

yield  of  332°C  ( 6 3 0 0 F )  -   cycle  oil  and  a  lower  coke  and  s l u r r y   oil 

(>332°C)  (>630°F)  yield.   The  data  of  Table  3  are  s u b s t a n t i a l l y   s e l f  

exp lan i to ry   with  r e s p e c t   to  the  improvemen t s   ob ta ined   w h e n  

c rack ing   acid  t r e a t e d   feed  to  effect   par t ica l   demeta l l iz ing  a n d  

deca rbon iz ing   t h e r e o f   over  that   ob ta ined   with  a  similar  feed  w h i c h  

has  not  been  acid  t r e a t e d   as  here in   p r o v i d e d .  

Table  4  below  is  p r e s e n t e d   to  show  the  effect   of  d i f f e r e n t   a c i d  

p e r c e n t   t r e a t m e n t   on  d i f f e r e n t   metal  con ten t   feeds  with  r e s p e c t   to  

metals  content   be fo re   and  after   acid  t r e a t m e n t .  





It  is  clearly  evident   from  the  data  above  p r e s e n t e d   t h a t  

t r e a t i n g   a  resid  portion  of  a  t opped   c rude   oil  as  here in   p rov ided   to  

effect   par t ia l   demetallizing  and  d e c a r b o n i z i n g   of  the  feed  b e f o r e  

e f fec t ing   catalyt ic   c racking  t he reo f   with  the  gas  oil  port ion  of  t h e  

c rude   made  subs tan t ia l   improvemen t s   in  the  zeolite  c r a c k i n g  

o p e r a t i o n   including  improved  p r o d u c t   s e l ec t iv i ty   and  y i e l d .  

Having  thus  general ly   d e s c r i b e d   the  method  and  p rocess   of 

this  i nven t ion   and  provides   examples  in  s u p p o r t   t he reo f ,   it  is  to  b e  

u n d e r s t o o d   that   no  undue  r e s t r i c t i o n s   are  to  be  imposed  by  r e a s o n s  

t he r eo f   except   as  defined  by  the  following  claims.  Re fe r ences   c i t ed  

h e r e i n ,   and  l i t e r a tu re   they  ment ion ,   are  he reby   i n c o r p o r a t e d   b y  

r e f e r e n c e .  



1.  A  method  for  r e d u c i n g   metal  con taminan t s   and  c a r b o n  

p r o d u c i n g   mater ia ls   in  a  vacuum  res id   which  c o m p r i s e s :  

(a)  mixing  c o n c e n t r a t e d   acid  with  vacuum  res id   in  a  m ix ing  

zone  at  a  t e m p e r a t u r e   su f f i c i en t   e leva ted   to  maintain  a 

liquid  phase   t h e r e i n ;  

(b)  pass ing   the  a c i d - v a c u u m   res id   liquid  phase   from  t h e  

mixing  zone  to  a  s e t t l i ng   ope ra t ion   where in   a  r e a c t i o n  

p r e c i p i t a t e   of  an  o r g a n o m e t a l l i c - a c i d   complex  is  se t t les   o u t  

from  said  liquid  phase ;   a n d  

(c)  r e c o v e r i n g   said  l iquid  phase   s u p p o r t e d   from  r e a c t i o n  

p r e c i p i t a t e   for  use  in  a  fluid  ca ta lys t   c r ack ing   o p e r a t i o n .  

2 .   The  method  of  claim  1  whe re in   the  acid  mixed  with  said  v a c u u m  

res id   is  within  the  r ange   of  0.5  to  1.0%  on  a  weight   basis  a n d  

where in   the  t e m p e r a t u r e   is  ma in ta ined   du r ing   said  mixing  a n d  

se t t l ing   opera t ion   with  the  r a n g e   of  66°C  (150°F)  to  a b o u t  

177°C  ( 3 5 0 ° F ) .  

3.  The  method  of  claim  1  whe re in   the  t e m p e r a t u r e   of  said  m ix ing  

and  se t t l ing  opera t ion   is  at  least   104°C  (220°F)  and  for  a  t ime 

suf f ic ien t   to  form  said  r e a c t i o n   p r e c i p i t a t e   be tween   acid  a n d  

res id   to  form  said  o r g a n o m e t a l l i c - a c i d   complexes  and  w h e r e i n  

the  liquid  phase   s e p a r a t e d   from  p r e c i p i t a t e   is  mixed  with  t h e  

gas  oil  p r o d u c t   of  a  t opped   c rude   oil  and  sub jec t ed   to  

c rys ta l l ine   zeolite  fluid  ca ta ly t i c   c r ack ing   u n d e r   condi t ions   to  

form  gasoline  and  l ight  cycle  o i l .  

4.  The  method  of  claim  1  whe re in   the  acid  employed  is  p h o s p h o r i c  

a c i d .  

5.  The  method  of  claim  1  whe re in   said  r e d u c e d   c rude   c o m p r i s e s  

vacuum  r e s i d .  



6.  A  method  for  u p g r a d i n g   a  topped   c rude   oil  boiling  above   a b o u t  

260°C  (500°F)   which  c o m p r i s e s :  

(a)  s e p a r a t i n g   a tmospher ic   and  vacuum  gas  oils  from  a  t o p p e d  

c r u d e   and  r ecove r ing   a  vacuum  res id   f rac t ion   t h e r e f r o m ;  

(b)  c o n t a c t i n g   said  vacuum  r e s id   in  liquid  phase   with  a 

q u a n t i t y   of  p h o s p h o r i c   acid  suf f ic ient   to  form  a 

p r e c i p i t a t e   the rewi th   of  an  o r g a n o m e t a l l i c - p h o s p h o r o u s  

complex ,   s epa ra t i ng   said  p r e c i p i t a t e   from  said  l i q u i d  

p h a s e ;  

(c)  mixing   said  liquid  phase   s e p a r a t e d   from  p r e c i p i t a t e   w i t h  

said  a tmospher i c   and  vacuum  gas  oils  to  form  a  

deme ta l l i zed   acid  d e c a r b o n i z e d   mixed  feed;  a n d  

(d)  c a t a l y t i c   cracking  said  mixed  feed  with  a  c r y s t a l l i n e  

zeoli te   c rack ing   ca t a lys t   u n d e r   condi t ions   p r o v i d i n g  

i n c r e a s e d   yield  of  l iquid  gasol ine   p r o d u c t   at  a  r e d u c e d  

coke  m a k e .  

7.  A  me thod   for  r educ ing   the  d e a c t i v a t i n g   e f fec ts   of  m e t a l  

c o n t a m i n a n t s   and  Conradson   ca rbon   p roduc ing   c o m p o n e n t s   of  a 

t opped   c r u d e   oil  upon  a  c r y s t a l l i n e   zeolite  con t a in ing   c r a c k i n g  

c a t a l y s t   in  the  p roduc t ion   of  gasol ine   which  c o m p r i s e s :  

(a)  s e p a r a t i n g   a  heavy  r e s idua l   oil  f rac t ion  from  said  t o p p e d  
c r u d e   compris ing  a  h igh   c o n c e n t r a t i o n   of  meta l  

c o n t a m i n a n t s   of  n ickel ,   v anad ium,   iron  and  C o n r a d s o n  

c a r b o n   c o n t r i b u t i n g   m a t e r i a l ;  

(b)  c o n t a c t i n g   said  s e p a r a t e d   heavy  r e s idua l   oil  w i t h  

p h o s p h o r i c   acid  of  a  c o n c e n t r a t i o n   of  at  leas t   80%  at  a 



t e m p e r a t u r e   to  form  an  organometa l l ic   p r e c i p i t a t e  

t h e r e w i t h ,   s e p a r a t i n g   said  p r e c i p i t a t e   from  said  h e a v y  

res idua l   oil;  a n d  

(c)  ca ta lyt ic   c r ack ing   said  heavy   r e s idua l   oil  s e p a r a t e d   f r o m  

said  p r e c i p i t a t e   with  a  c ry s t a l l i ne   zeolite  c rack ing   c a t a l y s t  

u n d e r   condi t ions   p r o d u c i n g   gasoline  and  l ight   cycle  in  

combinat ion  with  r educed   yields   of  s l u r ry   oil  and  c o k e .  

8.  In  a  method  for  the  catalyt ic   c r ack ing   of  n i t rogen   c o n t a i n i n g  

h y d r o c a r b o n   f e e d s t o c k s   where in   the  f eeds tock   is  con tac ted   w i t h  

a  ca ta lys t   unde r   catalyt ic   c r a c k i n g   condi t ions  at  e l e v a t e d  

t e m p e r a t u r e s ,   the  improvement   compris ing   adding   to  s a i d  

f eeds tock   immediately  prior  to  contac t   with  said  ca t a lys t   a n  

amount  of  acid  se lected  from  the  group  cons i s t ing   of  s u l f u r i c ,  

h y d r o c h l o r i c ,   n i t r i c ,   phosphor i c   and  acetic  acids  su f f i c i en t   t o  

neu t r a l i ze   a  s u b s t a n t i a l   por t ion   of  the  basic  n i t r o g e n  

components   conta ined   in  said  f e e d s t o c k .  

9.  The  method  of  claim  8  wherein  said  f eeds tock   conta ins   at  l e a s t  

0.05  weight   p e r c e n t   basic  n i t r o g e n   and  from  about   0.1  to  5 

weight   p e r c e n t ,   (based   on  total  oil  f eed ) ,   acid  is  added  to  

achieve  n e u t r a l i z a t i o n   the reof   and  where in   said  c a t a l y s t  

comprises   a  c rys t a l l i ne   zeolite  d i s p e r s e d   in  an  i no rgan ic   o x i d e  

matrix  and  where in   said  zeolite  comprises   rare   ear th   e x c h a n g e d  

type  Y  zeolite  and  wherein  said  inorgan ic   matrix  is  s e l e c t e d  

from  the  group  cons is t ing   of  silica,  alumina,  s i l i c a - a l u m i n a ,  

silica  magnesia   h y d r o g e l s ,   silica  sols,  s i l ica-a lumina  s o l s ,  

alumina  sols,  clay  and  mixtures   t h e r e o f .  

10.  The  method  of  claim  9  where in   said  ca ta lys t   conta ins   f rom 

about  1  to  30  p e r c e n t   by  weight   of  an  SOx  control   a g e n t  



se lec ted   from  the  group  cons i s t ing   of  a lu ina ,   and  r a r e - e a r t h  

alumina  c o m p o s i t e s .  
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