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Crude  oils  or  residual  fractions  from  the  distillation  of 
petroleum  containing  substantial  amounts  of  metals  such  as 
Ni,  V,  Fe,  Cu,  Na  and  high  Conradson  carbon  values  are 
made  suitable  for  processing  in  reduced  crude  conversion 
processes  by  preliminary  contacting  with  a  sorbent 
containing  a  metal  additive  to  immobilize  vanadium 
pentoxide  deposited  on  the  sorbent  material. 

It  has  been  shown  previously  that  as  the  vanadium 
pentoxide  level  builds  up  on  the  sorbent,  the  elevated 
temperature  encountered  in  the  regeneration  zone  causes 
the  vanadia  to  flow  and  form  a  liquid  coating  on  each 
particle.  Any  interuption  of  particle  flow  results  in 
coalescence  between  the  sorbent  particles.  Once  coales- 
cence  occurs,  fluidization  becomes  difficult  to  reinitiate. 
This  results  in  stoppage  of  flow  in  the  cyclone  diplegs, 
ineffective  operation  of  cyclones,  rapid  increase  in  loss  of 
the  sorbent,  finally  resulting  in  unit  shutdown. 

The  sorbent  can  also  be  made,  as  we  have  done,  by 
combining  and  precipitating  other  gels  with  the  clay  so  as 
to  act  as  a  binder  for  initial  utilization  until  some 
hydrothermal  conditioning  occurs.  This  binder,  such  as 
silica,  alumina,  titania,  zirconia,  calcia,  boria,  or  magnesia 
then  serves  a  dual  purpose  as  disclosed  herin. 



Metal  additives,  described  in  this  invention,  when 
properly  applied  serve  to  form  compounds  or  complexes 
with  vanadia  which  have  melting  points  above  the 
temperatures  encountered  in  the  regeneration  zone,  thus 
avoiding  the  formation  of  liquid  vanadia  and  coalescence 
between  particles.  A  second  method  of  avoiding  vanadia 
liquidation  can  be  employed  by  means  of  select 
regeneration  conditions  wherein  the  regenerated  sorbent  is 
recovered  in  a  partially  coked  state.  In  this  case,  the 
deposited  vanadia  is  held  in  a  lower  oxidation  state,  the 
oxides  of  which  have  melting  temperatures  above  those 
encountered  in  the  regeneration  zone. 



BACKGROUND  OF  THE  INVENTION 

This  invent ion   is  concerned  with  producing  a  high  grade  reduced 

crude  having  lowered  metals  and  Conradson  carbon  values  from  a 

poor  grade  of  reduced  crude  having  extremely  high  metals  and 

Conradson  carbon  values.   In  add i t i on ,   this  invent ion  d e s c r i b e s  

a  sorbent   ma te r ia l   that   can  be  u t i l i z e d   for  the  reduc t ion   o f  

these  metal  and  Conradson  carbon  values  that  exh ib i t s   a  low 

c a t a l y t i c   cracking  a c t i v i t y   value.  A  f u r the r   embodiment  o f  

this   invent ion  is  the  inc lus ion   of  a  metal  add i t i ve   as  a  s e l e c t  

metal,  organo  m e t a l l i c ,   i ts   oxide  or  sa l t   into  the  s o r b e n t  

mate r ia l   during  manufacture  or  during  the  p rocess ing   cycle  t o  

immobilize  the  sodium vanadate ,   vanadium  pentoxide  depos i ted   on 

the  sorbent   during  p rocess ing .   This  invent ion  also  desc r ibes   a 

r e g e n e r a t i o n   process  to  immobilize  the  vanadium  pentoxide  by 

main ta in ing   the  metal  in  a  reduced  or  lower  ox ida t ion   s t a t e   t o  

prevent   vanadium  mob i l i t y .   This  invent ion  also  provides  a 

method  for  the  p rocess ing   of  reduced  crudes  high  in  metals  and 

Conradson  carbon  to  provide  a  feedstock  for  a  reduced  c rude  

conversion  process  or  for  t yp i ca l   f lu id   c a t a l y t i c   cracking  p r o -  

c e s s e s .  

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  petroleum  i n d u s -  

try  in  the  1930's  c o n s t i t u t e d   a  major  advance  over  p r e v i o u s  

techniques   with  the  object   to  increase   the  yield  of  g a s o l i n e  

and  i ts   q u a l i t y .   These  early  FCC  processes   employed  vacuum  gas 

oi ls   (VGO)  from  crude  sources  that  were  considered  sweet  and 



l i gh t .   The  terminology  of  sweet  r e fe r s   to  low  su l fur   c o n t e n t  

and  l igh t   r e fe r s   to  the  amount  of  ma te r i a l   bo i l ing   below 

approximate ly   1,000-1025°F.  The  c a t a l y s t   employed  in  t h e s e  

ear ly   homogeneous  dense  beds  were  of  amorphous  s i l i c e o u s  

m a t e r i a l s ,   prepared  s y n t h e t i c a l l y   or  from  n a t u r a l l y   o c c u r r i n g  

ma te r i a l s   a c t i v a t e d   by  acid  l eaching .   Tremendous  s t r i d e s   were 

made  in  the  1950's  in  FCC  technology  as  to  me ta l lu rgy ,   p r o c e s -  

sing  equipment,  r e g e n e r a t i o n   and  new  more  ac t ive   amorphous 

c a t a l y s t s .   However,  i nc reas ing   demand  with  respect   to  q u a n t i t y  

and  increased  octane  number  requi rements   to  s a t i s f y   the  new 

high  horsepower-high  compression  engines  being  promoted  by  t he  

auto  i ndus t ry ,   put  extreme  pressure   on  the  petroleum  i n d u s t r y  

to  increase   FCC  capaci ty   and  s e v e r i t y   of  o p e r a t i o n .  

A  major  breakthrough  in  FCC  c a t a l y s i s   which  came  in  the  e a r l y  

1960's ,   was  the  i n t r o d u c t i o n   of  molecular   s ieves  or  z e o l i t e s  

into  the  matrix  of  amorphous  ma te r i a l   c o n s t i t u t i n g   the  FCC 

c a t a l y s t .   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 ine  a l u m i n o s i l i c a t e   in  an  amorphous  matrix  of  s i l i c a ,   a lumina ,  

s i l i c a - a l u m i n a ,   clay,  etc.   were  at  l eas t   1 ,000-10,000  t imes  

more  ac t ive   for  cracking  hydrocarbons  than  the  e a r l i e r   amor- 

phous  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  

cracking  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 lu id   c a t a l y t i c   c r a c k i n g  

process .   New  innovat 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 racking,   shortened  contact   t i m e s ,  

new  r egene ra t i on   p rocesses ,   new  and  improved  z e o l i t i c   c a t a l y s t  

developments,   etc.   The  ove ra l l   r e s u l t   (economic)  of  t h e s e  

z e o l i t i c   c a t a l y s t   developments  gave  the  petroleum  indus t ry   the  



expensive,   high  p r e s s u r e  -   spec ia l   al loy  m u l t i - r e a c t o r s   sys tem 

and  a  s epa ra te   f a c i l i t y   for  the  product ion   of  hydrogen  and  h igh  

ope ra t ing   c o s t s .  

To  b e t t e r   understand  the  reasons  why  the  indus t ry   has  p r o -  

gressed  along  the  p rocess ing   schemes  desc r ibed ,   one  must  u n d e r -  

stand  the  e f f e c t s   of  contaminant   metals  (Ni-V-Fe-Cu-Na)  and 

Conradson  carbon  on  the  z e o l i t i c   con ta in ing   cracking  c a t a l y s t s  

and  the  ope ra t ing   parameters   of  an  FCC  uni t .   High  metal  c o n -  

ten t ,   high  Conradson  carbon,  high  S,  N,  low  H-content ,   h igh  

a s p h a l t e n e s ,   and  high  bo i l ing   range  are  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  a  f lu id   cracking  unit   (FCC)  or  a 

reduced  crude  convers ion  unit  (RCC)  when  seeking  maximum  con-  

vers ion ,   s e l e c t i v i t y   and  l i f e .   As  these  values  i nc rease ,   t h e  

capac i ty   and  e f f i c i e n c y   of  the  FCC  unit  and  RCC  unit  a r e  

adverse ly   a f f e c t e d .  

The  e f f e c t   of  i nc reas ing   Conradson  carbon  is  to  increase   t h a t  

por t ion   of  the  feeds tock   converted  to  carbon  depos i ted   on  t h e  

c a t a l y s t .   In  t yp ica l   VGO  ope ra t ions   employing  a  z e o l i t e   con-  

t a in ing   c a t a l y s t   in  a  FCC  unit  the  amount  of  coke  depos i ted   on 

the  c a t a l y s t   averages  at  about  4-5  wt%  of  feed.  This  coke  p r o -  

duct ion  has  been  a t t r i b u t e d   to  four  d i f f e r e n t   coking  r e a c t i o n s ,  

namely,  contaminant  coke  (from  metal  d e p o s i t s ) ,   c a t a l y t i c   coke 

(acid  s i t e   c r ack ing) ,   en t r a ined   hydrocarbons  (pore  s t r u c t u r e  

a d s o r p t i o n  -   poor  s t r i p p i n g )   and  Conradson  carbon.  In  the  c a s e  

of  p rocess ing   higher  bo i l ing   f r a c t i o n s ,   e . g . ,   reduced  c r u d e s ,  

r e s i d u a l   f r a c t i o n s ,   topped  crude,  e t c . ,   the  coke  p r o d u c t i o n  



based  on  feed  is  the  summation  of  three  of  the  four  kinds  men- 

t ioned  above  plus  exceedingly  higher  Conradson  carbon  v a l u e s .  

Thus  coke  product ion   when  p rocess ing   reduced  crude  is  normal ly  

and  most  gene ra l ly   around  4-5  wt%  plus  the  Conradson  carbon 

value  of  the  f eeds tock .   In  add i t i on ,   it  has  been  proposed  t h a t  

two  other  types  of  coke  former  processes   or  mechanisms  may  be 

manifes ted   p resen t   in  reduced  crude  p rocess ing   in  add i t ion   t o  

the  four  exh ib i t ed   by  VGO.  They  are  adsorbed  and  absorbed  high 

bo i l ing   hydrocarbons  not  removed  by  normal  e f f i c i e n t   s t r i p p i n g  

due  to  t he i r   high  bo i l ing   po in t s ,   and  carbon  a s soc i a t ed   w i t h  

high  molecular   weight  n i t rogen  compounds  adsorbed  on  t h e  

c a t a l y s t ' s   acid  s i t e s .  

The  spent-coked  c a t a l y s t   is  brought  back  to  new  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  a  r e g e n e r a t i o n  

zone  in  the  presence  of  air   and  recycled  back  to  the  r e a c t i o n  

zone.  The  heat  generated  during  r e g e n e r a t i o n   is  removed  by  t he  

c a t a l y s t   and  ca r r i ed   to  the  r eac t ion   zone  for  v a p o r i z a t i o n   of 

the  feed  and  to  supply  the  heat  for  the  cracking  r e ac t i on .   The 

tempera ture   in  the  r egene ra to r   is  l imi ted   because  of  m e t a l l u r g y  

l i m i t a t i o n s   and  the  the rmal - s team  s t a b i l i t y   of  the  c a t a l y s t .  

The  thermal -s team  s t a b i l i t y   of  the  z e o l i t e   con ta in ing   c a t a l y s t  

is  determined  by  the  temperature   and  steam  p a r t i a l   p ressure   a t  

which  the  z e o l i t e   i r r e v e r s i b l y   loses  i ts  c r y s t a l l i n e   s t r u c t u r e  

to  form  low  a c t i v i t y   amorphous  ma te r i a l .   Steam,  generated  by 

the  burning  of  adsorbed  carboneceous  ma te r i a l   con ta in ing   a  h igh 

hydrogen  content   is  highly  d e t r i m e n t a l .   This  ca rboneceous  

ma te r i a l   is  p r i n c i p a l l y   hydrogen  con ta in ing   ca rboneceous  



product  as  p rev ious ly   descr ibed   plus  high  bo i l ing   adso rbed  

hydrocarbons  with  bo i l ing   points   as  high  as  1500-1700°F  t h a t  

have  a  high  hydrogen  content ,   high  bo i l ing   n i t rogen   c o n t a i n i n g  

hydrocarbons  and  p o r p h y r i n s - a s p h a l t e n e s .  

It  has  also  been  shown  that   z e o l i t e   con ta in ing   c a t a l y s t s   a r e  

also  very  s e n s i t i v e   to  vanadia.   Small  amounts  of  vanadia  seem 

to  ca ta lyze   the  d i s t r u c t i o n   of  c r y s t a l l i n e   z e o l i t e s .  

As  the  Conradson  carbon  value  of  the  feeds tock  i n c r e a s e s ,   coke 

product ion   inc reases   and  this   increased  load  wil l   r a i se   r e g e n -  

e r a t i on   t empera tu res ;   thus  the  unit  is  l imi ted  as  to  the  amount 

of  feed  and  Conradson  carbon  values  it  can  process .   E a r l i e r  

VGO  uni ts   operated  with  the  r e g e n e r a t o r   at  1150-1250°F.  New 

developments  in  reduced  crude  p rocess ing   such  as  Ashland  O i l ' s  

"Reduced  Crude  Conversion  Process"  (pending  a p p l i c a t i o n  

USSN  094,216)  can  operate   up  to  1350-1450°F.  But  at  a d i a b a t i c  

c o n d i t i o n s ,   even  these  higher  t empera tures   place  a  l imi t   on  t h e  

Conradson  carbon  value  of  the  feed  which  can  be  t o l e r a t e d   a t  

approximate ly   about  8.  Based  on  exper ience ,   this   equates  t o  

about  12-13  wt%  coke  on  c a t a l y s t   based  on  f e e d .  

The  metal  con ta in ing   f r a c t i o n s   of  reduced  crude  contain  N i -  

V-Fe-Cu,  present   as  porphyr ins   and  a s p h a l t e n e s .   These  me ta l  

con ta in ing   hydrocarbons  are  deposi ted   on  the  c a t a l y s t   d u r i n g  

p roces s ing ,   are  cracked  in  the  r i s e r   to  deposi t   the  metal  o r  

ca r r i ed   over  by  the  spent  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 s   or  

a spha l t enes   and  c o n v e r t e d  t o   the  oxide  during  r e g e n e r a t i o n .  

The  adverse  e f f e c t s   of  these  metals  are  to  decrease  the  a c i d i t y  



of  the  z e o l i t e   therby  reducing  c a t a l y t i c   cracking  a c t i v i t y ,  

thus,  enhancing  n o n - s e l e c t i v e   cracking  and  dehydrogenat ion   t o  

produce  l i g h t   gases  such  as  hydrogen,  methane  and  ethane  and 

more  impor t an t ly ,   increase   coke  product ion   al l   of  which  a f f e c t s  

s e l e c t i v i t y   and  y ie ld .   The  increased   p roduc t ion   of  l i gh t   gases  

a f f e c t s   the  economic  yie ld   and  s e l e c t i v i t y   s t r u c t u r e   of  t he  

process   and  puts  an  increased   demand  on  compressor  c a p a c i t y .  

The  increase   in  coke  p roduc t ion   also  adverse 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   and  leads  to  increased  r e g e n e r a t o r   a i r  

demand  and  compressor  capac i ty ,   and  e leva ted   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 io r   art   were  solved  by  the  development  

of  the  Reduced  Crude  Conversion  Process ,   see  pending  a p p l i c a -  

t ions   094,216  and  094,092.  This  new  process  can  handle  r educed  

crudes  con ta in ing   high  metals  and  Conradson  carbon  v a l u e s .  

However,  c e r t a i n   crudes  such  as  Mexican  Mayan  or  Venezuelan  

which  conta in   abnormally  high  metal  and  Conradson  carbon  v a l u e s  

if  processed  in  a  reduced  crude  process  wil l   lead  to  an  uneco-  

nomical  ope ra t ion   because  of  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   add i t ion   rate   requi red   to  maintain  c a t a l -  

yst  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  h igh  

as  4-8  l b s / b b l .   which  at  today ' s   c a t a l y s t   p r ices   can  add  as 

much  as  $2-8/bbl   a d d i t i o n a l   c a t a l y s t   cost  to  the  p r o c e s s i n g  

economics.  On  the  other  hand,  it  becomes  economical ly   d e s i r -  

able  that   an  economical  means  be  developed  to  process  crude 

o i l s   such  as  the  Mexican  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 .  



It  was  noted  in  the  l i t e r a t u r e   that  a  process  was  developed  by 

Engelhard  Minerals  and  Chemicals  which  seeks  to  reduce  t h e  

metal  content   and  Conradson  carbon  of  these  crudes.   The  p r o -  

cess  is  descr ibed   in  U.  S .  P a t e n t   4,243,514  and  German  P a t e n t  

No.  29  04  230.  B a s i c a l l y ,   this   process  involves  con tac t ing   a 

reduced  crude  f r a c t i o n   with  sorbent   at  e leva ted   temperature   in  

a  f lu id   bed  of  the  RCC  type,  to  produce  a  product  of  r educed  

metal  and  Conradson  carbon  value.  The  claimed  p r e f e r r e d   s o r b e n t  

is  an  ine r t   sol id  i n i t i a l l y   composed  of  kaol in ,   which  has  been 

spray  dried  to  yield  a  m i c r o s p h e r i c a l   p a r t i c l e   having  a  s u r f a c e  

area  below  100  m2/g  a  c a t a l y t i c   cracking  m i c r o - a c t i v i t y   v a l u e  

of  less  than  20  and  ca lc ined  at  high  tempera ture   so  as  t o  

achieve  a t t r i t i o n   r e s i s t a n c e .   This  process  was  e x p e r i m e n t a l l y  

t e s ted   and  found  to  lower  the  metals  and  Conradson  carbon  v a l -  

ues  s u b s t a n t i a l l y .   However,  as  the  vanadia  content   on  the  s o r -  

bent  inc reased ,   in  the  range  of  10,000-30,000  ppm,  the  s o r b e n t  

began  to  have  f l u i d i z a t i o n   problems  apparen t ly   due  to  t h e  

clumping,  fusion  or  coalescence   of  p a r t i c l e s .   This  could  on ly  

be  overcome  by  the  removal  of  spent  sorbent   and  the  add i t ion   o f  

fresh  v i rg in   m a t e r i a l .  



SUMMARY  OF  THE  INVENTION 

The  problems  of  the  p r ior   art   are  now  overcome  in  a  p r o c e s s  

employing  the  sorbent   and  metal  add i t ive   of  this   i n v e n t i o n  

which  allows  the  p rocess ing   of  a  reduced  crude  or  crude  oil  of  

extremely  high  metals  and  Conradson  carbon  v a l u e s .  

A  reduced  crude  or  crude  oi l   having  a  high  metal  and  Conradson 

carbon  value  is  contacted   in  an  RCC  type  r e g e n e r a t o r - r e a c t o r  

system  with  an  iner t   sol id   sorbent   of  low  surface   area  at  tem- 

pe ra tu res   above  about  900°F.  Residence  time  in  the  r i s e r   i s  

below  5  seconds,  p r e f e r a b l y   0.5-2  seconds.  The  p a r t i c l e   s i z e  

of  the  iner t   sol id  sorbent   is  approximately   20-150  microns  in  

size  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  reduced  crude-crude  oil  is  in t roduced  at  a  t e m p e r a t u r e  

below  thermal  cracking  at  the  bottom  of  the  r i s e r   and  c o n t a c t s  

the  iner t   sol id   sorbent  at  a  temperture   of  1150-1400°F  and 

exits  the  r i s e r   at  a  t empera ture   in  the  r eac to r   vessel   of  

approximately  900-1050°F.  Along  with  reduced  crude  or  c rude  

pil;   water,   steam,  naphtha,  flue  gas,  etc.  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  control   r e s i d e n c e  

time.  The  sorbent   is  rap id ly   separa ted   from  the  hydrocarbon  

vapors  at  the  top  of  the  r i s e r   by  employing  the  vented  r i s e r  

:oncept  developed  by  Ashland  Oil,  Inc . ,   see  U.  S.  Patent  No. 

4,066,533.  During  the  course  of  the  r eac t ion   in  the  r i s e r   the  

netal  and  Conradson  carbon  compounds  are  depos i ted   on  the  s o r -  

bent.  After  s e p a r a t i o n   in  the  vented  r i s e r   the  spent  s o r b e n t  

is  deposi ted   as  a  dense  bed  at  the  bottom  of  the  r e a c t o r  



vesse 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  the  r e g e n e r a t i o n  

zone.  The  spent  sorbent   is  contacted  with  an  oxygen  c o n t a i n i n g  

gas  to  remove  the  carboneceous  mate r ia l   through  combustion  t o  

carbon  oxides  to  yield  a  r egenera ted   sorbent   con ta in ing   0 . 0 5 -  

0.2  wt%  carbon.  The  r egenera ted   sorbent   is  then  recycled  to  

the  bottom  of  the  r i s e r   to  meet  a d d i t i o n a l   high  metal  and 

Conradson  carbon  con ta in ing   feed  to  repeat   the  c y c l e .  

At  the  e leva ted   t empera tures   encountered  in  the  r e g e n e r a t i o n  

zone,  the  vanadium  depos i ted   on  the  sorbent   is  converted  t o  

vanadium  oxides,   in  p a r t i c u l a r ,   vanadium  pentoxide .   The  m e l t -  

ing  point   of  vanadium  pentoxide  is  much  lower  than  t e m p e r a t u r e s  

encountered  in  the  r e g e n e r a t i o n   zone.  Thus  it  can  become 

mobile,  flow  across  the  sorbent   su r face ,   cause  p o r e ' p l u g g i n g ,  

p a r t i a l   p a r t i c l e   fus ion,   increase   in  p a r t i c l e   dens i ty ,   and 

decrease   the  f l u i d i z a t i o n   p r o p e r t i e s   of  the  sorbent .   In  a d d i -  

t ion,   and  more  impor tan t ly ,   in  this   a p p l i c a t i o n ,   any  momentary 

stoppage  of  flow,  such  as  occurs  in  a  cyclone  d ip leg ,   p e r m i t s  

coalescence   of  two  or  more  p a r t i c l e s   and  u l t i m a t e l y   i n h i b i t i o n  

of  flow  and  loss  of  cyclone  ope ra t ion .   Fur ther ,   when  the  u n i t  

is  brought  down  to  low  tempera tures   to  c lear   the  system,  t he  

vanadium  pentoxide  s o l i d i f i e s ,   thus  causing  sol id  plugs  o f  

microspheres   bound  toge ther   by  the  vanadium  pentoxide  cement .  

This  cause  and  e f f e c t   of  vanadium  pentoxide  can  be  overcome  by 

two  methods .  



We  now  have  found  that   1)  The  i n c o r p o r a t i o n   of  s e l ec t   m e t a l s ,  

metal  oxides  or  t he i r   s a l t s   into  the  sorbent   during  manufac-  

ture ,   impregnat ion  a f t e r   spray  drying  or  added  during  p r o c e s s -  

ing  at  s e l e c t   points   in  the  uni ts   to  a f f ec t   compound  or  complex 

format ion .   These  compounds  or  complexes  of  vanadia  with  t h e  

metal  a d d i t i v e s   have  higher  melting  points   than  the  t empera -  

tures   encountered  in  the  r e g e n e r a t i o n   zone.  2)  U t i l i z a t i o n   o f  

s e l e c t   r e g e n e r a t i o n   cond i t ions   to  ensure  that   not  all   of  t he  

carbon  is  removed  from  the  sorbent   surface   thus  ensuring  a 

reducing  atmosphere  and  the  r e s u l t i n g   in  the  maintenance  o f  

vanadia  in  lower  oxides  or  ox ida t ion   s t a t e s   of  vanadium  all   o f  

which  are  extremely  high  melting  s o l i d s ,   e . g . ,   the  lower  o x i d e s  

of  vanadium  melt  above  the  r e g e n e r a t o r   tempera ture   e n c o u n t e r e d  

and  c o n t e m p l a t e d .  

The  process  of  this   invent ion   and  sorbent   are  not  l imi ted   to  a 

f l u i d i z e d   bed  opera t ion   with  m i c r o s p h e r i c a l   p a r t i c l e s   of  10-200 

microns  in  s ize ,   but  can  include  moving  bed  ope ra t ions   employ- 

ing  m i c r o s p h e r i c a l   p a r t i c l e s   of  g r ea t e r   than  200  microns  i n  

s i z e .  



DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

The  s e l e c t   sorbents   of  this   invent ion   wil l   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 ,   b e n t o n -  

i t e ,   kaol in ,   montmor i l lon te ,   s m e c t i t e s ,   and  other   2 - l a y e r e d  

l ame l l a r   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 ,   e t c .  

The  surface   area  of  these  sorbents   would  p r e f e r a b l y   be  below  25 

m2/g,  have  a  pore  volume  of  approxmately  0.2  cc/g  or  g r e a t e r  

and  a  m i c r o - a c t i v i t y   value  as  measured  by  the  ASTM  Test  Method 

No.  D3907-80  of  below  20. 

To  an  aqueous  s lu r ry   of  the  raw  sorbent   is  mixed  the  m e t a l  

a d d i t i v e   to  y ie ld   approximate ly   1-6  wt%  c o n c e n t r a t i o n   on  t h e  

f i n i shed   sorben t .   The  metal  add i t i ve   is  a  water  so luble   com- 

pound  which  can  be  the  oxide  or  one  of  i ts   s a l t s   such  as  t h e  

n i t r a t e ,   ha l ide ,   s u l f a t e ,   ca rbona te ,   etc.   This  mixture  i s  

spray  dried  to  y ie ld   the  f in i shed   promoted  sorbent   as  a  m i c r o -  

s p h e r i c a l   p a r t i c l e   of  10-200  microns  in  size  with  the  a c t i v e  

promoter  depos i ted   wi thin   the  pores  and/or  the  outer  sur face   o f  

the  sorbent   p a r t i c l e .   Since  the  c o n c e n t r a t i o n   of  vanadia  on 

the  spent  sorbent   is  t a rge ted   to  be  approximate ly   2-5  wt%  of  

f ina l   p a r t i c l e   weight,   the  c o n c e n t r a t i o n   of  metal  a d d i t i v e   w i l l  

be  in  the  range  of  1-6  wt%  to  maintain  at  l eas t   a  one  to  one 

atomic  r a t i o   of  vanadium  to  metal  add i t i ve   at  al l   times.  The 

sorbent   can  also  be  impregnated  with  these  metal  a d d i t i v e s  

a f t e r   spray  drying,   employing  techniques   well  known  in  the  a r t  

or  combined  with  the  clay  as  a  gel  so  as  to  serve  also  as  a 

binder  and  pore  volume  extender   in  the  spray  dried  p r o d u c t .  



It  is  not  proposed  to  define  the  exact  mechanism  for  the  immo- 

b i l i z a t i o n   of  vanadia  but  the  metal  a d d i t i v e s   of  this  i n v e n t i o n  

wil l   form  compounds  or  complexes  with  vanadia  that   have  h i g h e r  

melting  points   or  serve  to  immobilize  the  migra t ion  of  vanad ia  

at  the  t empera tures   encountered  in  the  r e g e n e r a t i o n   zone.  The 

t a rge t ed   one  to  one  molar  r a t i o   is  chosen  as  more  or  less  a 

p r a c t i c a l   o b j e c t i v e .   I n i t i a l l y ,   in  those  cases  where  the  a d d i -  

t ive  is  included  in  the  p r e p a r a t i o n   the  metal  add i t ive   wil l   be 

at  a  c o n c e n t r a t i o n   far  exceeding  t a rge ted   r a t i o s .   However,  as 

vanadia  content   i n c r e a s e s ,   this   r a t i o   g radua l ly   decreases   as 

vanadia  is  depos i ted   on  the  sorbent .   The  melting  point   and 

migrat ion  behavior   of  the  vanadia-meta l   oxide  compound  or  com- 

plex  dec reases ,   as  vanadia  i n c r e a s e s ,   usual ly   approaching  a 

e u t e c t i c   having  a  melting  point  even  lower  than  vanadium  p e n t -  

oxide.  For  this   reason,  the  add i t i ve   i s  k e p t   high  in  the  v i r -  

gin  sorbent   or  is  added  in  approximately   s t o i c h i o m e t r i c   p r o p o r -  

t ions  with  vanadium  in  the  f e e d s t o c k .  

Although  descr ibed   in  the  l i t e r a t u r e ,   one  to  one  by  weight  p r e -  

p a r a t i o n s   (50  wt%  vanadium  p e n t o x i d e  -   50  wt%  add i t i ve   m e t a l )  

were  made  and  the  melting  points   of  the  binary  mixtures  d e t e r -  

mined  by  d i f f e r e n t i a l   thermal  analyses   (DTA).  This  s t r a t e g y  

was  employed  to  determine  s u i t a b l e   meta l s -meta l   oxides  combina- 

t ions   which  can  form  binary  mixtures  with  vanadium  p e n t o x i d e  

having  melting  points   of  at  l eas t   1800°F  at  this   app rox ima te  

one  to  one  r a t i o .   R e l a t i v e l y   high  melting  point   tends  t o  

ensure  that   p a r t i c l e   fusion  does  not  occur  at  the  r e g e n e r a t i o n  



t empera ture .   The  meta l -meta l   oxides  add i t i ve   would  include  t h e  

fol lowing  groups  and  t he i r   ac t ive   elements  from  the  P e r i o d i c  

chart   of  the  e l e m e n t s :  

Because  of  cost ,   and  other   f ac to r s   only  a  s e l ec t   few  of  t h e  

above  are  considered  p r a c t i c a l .   These  would  include  Mg,  Ca,  Ba 

and  t i t an ium  and  iron  oxide.  The  r eac t ion   of  the  metal  a d d i t i v e  

with  vanadia  f r equen t ly   y ie lds   a  binary  compound.  This  i n v e n -  

tion  also  recognizes   that  heat ing  mixtures  of  these  a d d i t i v e  

metals  with  vanadia  can  also  cause  r e a c t i o n s   to  occur  to  form 

more  complex  compounds,  and  that  combinations  of  two  or  more  o f  

these  metal  a d d i t i v e s   with  vanadia  can  also  yield  even  more 

unusual  compounds  and  combinations  t he reo f .   In  a d d i t i o n ,  

t e rnary   and  qua te rna ry   combinations  can  occur  with  metals  no t  

covered  in  the  Groups  i l l u s t r a t e d   above.  In  these  d i s c u s s i o n s  

we  have  covered  vanadia  and  vanadium  pentoxide .   However,  t h i s  

approach  also  r e l a t e s   to  the  lower  valences  of  vanadium,  and 

f u r t h e r ,   in  p rocess ing   a  su l fu r   con ta in ing   feed  and  r e g e n e r a -  

tion  in  the  presence  of  an  oxygen  con ta in ing   gas  there  w i l l  

l i ke ly   ex is t   vanadium  s u l f i d e s ,   s u l f i t e s ,   s u l f a t e s ,   and 



which  wil l   c rea te   s t i l l   other  mixtures  con ta in ing   mixed  ox ides  

and  s u l f i d e s ,   s u l f a t e s ,   e t c .  

If  the  metal  add i t i ve   is  not  incorpora ted   in  the  i n i t i a l   s o r -  

bent  p r e p a r a t i o n   or  added  to  the  sorbent   during  manufac tu r e  

then  it  can  be  added  during  the  p rocess ing   cycle  at  any  p o i n t  

of  sorbent   t r ave l   in  the  p rocess ing   uni t .   This  would  i n c l u d e  

but  not  be  l imi ted   to  add i t ion   of  an  aqueous  so lu t i on   of  t he  

inorgan ic   metal  s a l t   or  hydrocarbon  s o l u t i o n   of  m e t a l l o - o r g a n i c  

compounds  at  the  r i s e r   bottom  17,  along  the  r i s e r   length  4,  t he  

dense  bed  9  in  r eac to r   vesse l   5,  s t r i p p e r   10  and  s t r i p p e r   15, 

r e g e n e r a t o r   i n l e t   14,  r e g e n e r a t o r   dense  bed  12,  or  r e g e n e r a t e d  

sorbent   s tandpipe   16. 

In  another  embodiment,  the  vanadium  depos i ted   on  the  sorbent   i s  

immobilized  through  s e l ec t   r e g e n e r a t i o n   c o n d i t i o n s .   I n i t i a l l y ,  

the  vanadium  is  depos i ted   on  the  sorbent   and  in  the  r e g e n e r a -  

tion  zone  under  t yp ica l   cond i t ions   is  converted  to  vanadium 

pentoxide  during  coke  combustion.  The  sorbent   c o n t a i n i n g  

vanadium  pentoxide  is  t r a n s f e r r e d   to  the  r i s e r   and  under  t he  

reducing  cond i t ions   r e s u l t i n g   from  con tac t ing   vaporized  feed  

wil l   undergo  reduc t ion   to  lower  ox ida t ion   s t a t e s .   S ince  

reduced  vanadium  oxide  is  covered  by  the  heavy  coke  d e p o s i t i o n  

it  wil l   be  p ro t ec t ed   aga ins t   ox ida t ion   in  the  r e g e n e r a t i o n  

zone.  Under  c o n t r o l l e d   cond i t ions   of  combustion  the  coke  l e v e l  

on  the  sorbent   wil l   be  reduced  to  0 .05-0 .2   wt%  on  s o r b e n t  

weight,   p r e f e r a b l y   0 .1 -0 .2   wt%.  Operat ion  of  the  r e g e n e r a t o r  

in  a  semi- reducing   cond i t i on ,   namely  high  CO/C02  r a t i o   can  a l s o  



be  u t i l i z e d   to  maintain  vandium  in  a  lower  valence  s t a t e .   Th i s  

type  of  opera t ion   e s t a b l i s h e s   a  cond i t ion   wherein  a l l   t h e  

oxygen  has  been  consumed  and  that   none  is  l e f t   to  f u r t h e r  

reduce  the  coke  level   or  oxidize   the  vanadium  to  a  h igher   o x i -  

dat ion  l eve l .   Thus  the  r educ t ion   of  vanadium  pentoxide   in  t h e  

r i s e r   y i e lds   vanadium  oxide  (V+4,  V02)  and  vanadium  t r i o x i d e  

(V+3,  V203)  which  have  much  higher  melt ing  po in t s ,   such  as 

1800°F  or  h igher .   Under  these  c o n t r o l l e d   r e g e n e r a t i o n   c o n d i -  

t ions   the  lower  vanadium  ox ida t ion   s t a t e s   are  maintained  so  as  

to  avoid  the  flow  and  fusion  problems  which  o therwise   would 

o c c u r .  

The  s e l e c t i v e   sorbent   of  this   invent ion   with  or  without  t h e  

a d d i t i v e   metal  promoter  is  charged  to  a  f l u i d i z e d   Metal  Removal 

System  as  ou t l i ned   in  Figure  1.  Sorbent  p a r t i c l e   c i r c u l a t i o n  

and  ope ra t ing   parameters   are  maintained  by  methods  well  known 

to  those  s k i l l e d   in  the  a r t .   The  e q u i l i b r i u m   sorbent   at  temp-  

e r a t u r e s   of  1100-1400°F  con tac t s   the  reduced  crude  c o n t a i n i n g  

high  metals  and  Conradson  carbon  values  at  r i s e r   wye  17.  The 

reduced  crude  can  be  accompanied  by  steam  and/or  naphtha,  o r  

dry  gases  or  flue  gas  in jec ted   at  point   2,  water  and/or  naph tha  

i n j ec t ed   at  point   3  to  aid  in  v a p o r i z a t i o n ,   sorbent   f l u i d i z a -  

tion  and  c o n t r o l l i n g   contac t   time  in  r i s e r   4.  The  sorbent   and 

vaporous  hydrocarbons  t r ave l   up  r i s e r   4  at  a  contac t   time  o f  

0.1-5  seconds,  p r e f e r a b l y   0.5-2  seconds.  The  sorbent   and 

vaporous  hydrocarbons  are  separa ted   in  vented  r i s e r   o u t l e t   6  a t  

a  f ina l   r e a c t i o n   tempera ture   of  900-1050°F.  The  vaporous  

hydrocarbons  are  t r a n s f e r r e d   to  cyclone  7  where  any  e n t r a i n e d  



sorbent  f ines  are  separa ted   and  the  hydrocarbon  vapors  are  s e n t  

to  the  f r a c t i o n a t o r   via  t r a n s f e r   l ine  8.  The  spent  s o r b e n t  

drops  to  the  bottom  of  vessel   5  to  form  a  dense  bed  9.  The  spen t  

sorbent   is  then  t r a n s f e r r e d   to  s t r i p p e r   10  for  removal  of  any 

en t r a ined   hydrocarbon  vapors  and  then  to  r e g e n e r a t o r   vessel   11 

to  form  dense  bed  12.  An  oxygen  con ta in ing   gas  such  as  air  i s  

admitted  to  the  bottom  of  dense  bed  12  in  vessel   11  to  combust 

the  coke  to  carbon  oxides.   The  r e s u l t i n g   flue  gas  is  p r o c e s s e d  

through  cyclones  and  ex i t s   from  r e g e n e r a t o r   vessel   11  via  l i n e  

13.  The  r egenera ted   sorbent   is  t r a n s f e r r e d   to  s t r i p p e r   15  t o  

remove  any  en t ra ined   combustion  gases  and  then  t r a n s f e r r e d   t o  

r i s e r   wye  17  via  line  16  to  repeat   the  c y c l e .  

At  such  time  that   the  metals  level  on  the  sorbent   becomes 

higher  such  that  d e m e t a l l i z a t i o n   and  d e c a r b o n i z a t i o n   of  t he  

reduced  crude  feedstock  dec l i ne s ,   a d d i t i o n a l   sorbent   can  be 

added  and  i nac t ive   sorbent   withdrawn  at  a d d i t i o n - w i t h d r a w a l  

point   18  into  dense  bed  12  and  at  add i t ion   withdrawal  point   19 

into  r egenera ted   sorbent   s tandpipe   16.  Addition  points   18  and 

19  can  be  u t i l i z e d   to  add  a  metal  add i t i ve   promoted  s o r b e n t .  

In  the  case  of  a  non-promoted  sorbent ,   the  metal  add i t i ve   as  an 

aqueous  so lu t ion   or  an  o r g a n o - m e t a l l i c   compound  in  aqueous  o r  

hydrocarbon  so lvent   can  be  added  at  add i t ion   points   18  and  19 

as  well  as  at  add i t ion   points   2  and  3  on  feed  l ine  1,  a d d i t i o n  

point   20  in  r i s e r   4,  add i t ion   point  21  to  the  bottom  of  v e s s e l  

5  into  dense  bed  9.  The  add i t ion   of  the  metal  add i t i ve   is  not  

l imi ted   to  these  l o c a t i o n s   but  can  be  p r a c t i c e d   at  any  p o i n t  

along  the  reduced  c r u d e - s o r b e n t   p rocess ing   c y c l e .  



At  such  time  that  the  metal  promoted  sorbent   is  not  u t i l i z e d  

than  vanadia  deposi ted   on  the  sorbent   is  immobilized  th rough  

the  use  of  the  s e l ec t   r e g e n e r a t i o n   cond i t ions   descr ibed   e a r l i e r  

in  this   inven t ion .   Sorbent  and  reduced  crude  feeds tock  a r e  

processed  in  a  manner  s i m i l a r   to  that   descr ibed   p r e v i o u s l y .  

The  spent  sorbent   a f t e r   s t r i p p i n g   in  s t r i p p e r   10  is  t r a n s f e r r e d  

to  r e g e n e r a t o r   vessel   11.  The  amount  of  oxygen  c o n t a i n i n g  

gases  admitted  though  l ine  14  into  dense  bed  12  is  s u f f i c i e n t  

to  only  r egene ra t e   a  large  por t ion   of  the  coke  depos i ted   on  t h e  

sorben t .   The  r egenera ted   sorbent   ex i t i ng   r e g e n e r a t o r   vessel   11 

to  s t r i p p e r   15  conta ins   0 .05-0.2   wt%  coke,  p r e f e r a b l y   0 . 1 - 0 . 2  

wt%.  This  amount  of  coke  on  r egenera ted   sorbent   is  s u f f i c i e n t  

to  help  ensure  that  the  vanadium  pentoxide  reduced  in  the  r i s e r  

to  lower  vandium  oxides  (monoxide,  t r i o x i d e )   wil l   remain  in  

these  reduced  s t a t e s .   The  small  amount  of  coke  remaining  on 

the  sorbent   ensures  that  vanadium  in  the  lower  ox ida t ion   s t a t e  

is  not  r e -ox id i zed   to  the  higher  +5  s t a t e .  

The  r e g e n e r a t o r   vessel   as  i l l u s t r a t e d   in  Figure  1  is  a  s imple  

one  zone-dense  bed  type.  The  r e g e n e r a t o r   sec t ion   is  not  l i m i -  

ted  to  this   example  but  can  ex i s t   of  two  or  more  zones,  s t a c k e d  

or  s ide-by  side  arrangement ,   with  i n t e r n a 1 · a n d / o r   ex t e rna l   c i r -  

cu l a t i on   t r a n s f e r   l ines   from  zone  to  zone.  

Having  thus  descr ibed  the  so rben t ,   metal  add i t i ve   promoters  and 

process  of  this   inven t ion ,   the  fol lowing  examples  are  p r o v i d e d  

to  i l l u s t r a t e   the  e f f e c t   of  vandadia  flowing  and  causing  p a r t i -  

cle  coalescence   which  a f f ec t   the  f l u i d i z a t i o n   p r o p e r t i e s   and 



the  s teps  taken  to  b e t t e r   understand  this   process  and  p r e v e n t  
i t s   o c c u r r e n c e .  



EXAMPLES 

The  de t e rmina t ion   that   vanadia  depos i ted   on  a  sorbent   would 

flow  and  cause  coalescence   between  the  sorbent   p a r t i c l e s   a t  

r e g e n e r a t o r   t empera tures   and  what  elements  and  t he i r   s a l t s  

would  prevent   this   processs   were  s tudied  by  three  methods;  

namely,  the  clumping  or  lump  formation  technique ,   vanadia  d i f -  

fusion  from  or  compound  formation  with  a  metal  add i t i ve   in  a 

a lumina-ceramic   c r u c i b l e ,   and  through  s p e c t r o s c o p i c   s tud ies   and 

d i f f e r e n t i a l   thermal  analyses   of  vanadia-meta l   add i t i ve   mix-  

t u r e s .  

CLUMPING  TEST 

A  sorbent   clay,  spray  dried  to  yield  m ic ro sphe r i ca l   p a r t i c l e s  

in  20-150  micron  s ize ,   had  vanadia  deposi ted   upon  it  in  v a r y i n g  

c o n c e n t r a t i o n s .   The  sorbent ,   free  of  vanadia,   and  those  con-  

t a in ing   varying  vanadia  c o n c e n t r a t i o n s   were  placed  in  i n d i v i d u -  

al  ceramic  c ruc ib l e s   and  ca lc ined   at  1400°F  in  air   for  two 

hours.  At  the  end  of  this   time  period  the  c ruc ib l e s   were  w i t h -  

drawn  from  the  muffle  furnace  and  cooled  to  room  t e m p e r a t u r e .  

The  surface   t ex ture   and  flow  c h a r a c t e r i s t i c s   of  these  samples  

were  noted  and  the  r e s u l t s   are  repor ted   in  Table  I .  



As  shown  in  Table  I,  the  sorbent   free  of  vanadia  does  not  form 

any  crust   or  clumps  or  fused  p a r t i c l e s   at  t empera tures   encoun-  

tered  in  the  r e g e n e r a t o r   sec t ion   of  the  process   descr ibed   in  

th is   inven t ion .   At  vanadia  c o n c e n t r a t i o n s   above  5,000  ppm  the  

absorbent   begins  to  clump  and  bind  badly  and  does  not  flow  a t  

a l l .  

While  l iqu id   at  opera t ing   t empera tu res ,   m a n i f e s t a t i o n   of  t h i s  

phenomenum  is  demonstrated  by  the  f inding  which  occurs  when 

these  samples  are  cooled  down  below  the  s o l i d i f i c a t i o n   point   in  

a  c r u c i b l e ,   or  the  opera t ing   unit  is  cooled  down  in  order  t o  

f a c i l i t a t e   ent rance   to  the  unit  for  c leaning  out  plugged  d i -  

plegs  and  other   r e p a i r s .   This  phenomenum  also  makes  a 

turnaround  extremely  d i f f i c u l t ,   as  this   ma te r ia l   must  be 

chipped  o u t .  



CRUCIBLE  DIFFUSION -  COMPOUND  FORMATION 

An  extens ion   of  the  clumping  t e s t   is  the  use  of  a  c e r a m i c -  

alumina  c ruc ib le   to  determine  the  end  product  of  vanadia  r e a c t -  

ing  with  the  metal  a d d i t i v e s .   If  vanadia  does  not  reac t   w i th  

the  metal  add i t ive   or  only  a  small  amount  of  compound  f o r m a t i o n  

occurs,   then  the  vanadia  will   d i f fu se   through  and over   t h e  

porous  alumina  walls  and  depos i t   as  a  ye l lowish   to  o range  

depos i t   on  the  outs ide   walls  of  the  c r u c i b l e .   On  the  o t h e r  

hand,  when  compound  formation  occurs ,   there  is  l i t t l e   or  no 

vanadia  depos i t s   on  the  outs ide   c ruc ib le   wall .   Two  se r i e s   o f  

t e s t s   were  performed,  in  the  f i r s t   s e r i e s   shown  in  Table   2,  1 /1  

mixture  by  weight  of  vanadia  pentoxide  and  the  metal  a d d i t i v e  

was  placed  in  the  c ruc ib le   and  heated  to  1500°F  in  air   for  12 

hours.  Compound  formation  or  vanadia  d i f f u s i o n   was  n o t e d .  



In  the  second  s e r i e s   of  t e s t s   a  vanadia  con ta in ing   sorbent   was 

t es ted   in  a  s imi l a r   manner.  A  one  to  one  r a t i o   by  weight  o f  

the  vanadia  con ta in ing   sorbent   and  the  metal  add i t i ve   were 

heated  to  1500°F  in  air   for  12  hours.  The  r e s u l t s   are  shown  i n  

Table  I I I .  

The  study  on  the  c a p a b i l i t y   of  c e r t a i n   elements  to  form  h i g h e r  

melt ing  compounds  with  vanadium  pentoxide  was  extended  t o  

DuPont  d i f f e r e n t i a l   thermal  analyses   (DTA),  X-ray  d i f f r a c t i o n  

(XRD)  and  scanning  e l ec t ron   microscope  (SEM)  i n s t rumen t s .   The 

metal  a d d i t i v e s   s tudied  on  the  DTA  showed  that   t i t a n i a ,   barium 

oxide,  calcium  oxide,  iron  oxide  and  indium  oxide  were  e x c e l -  

lent   a d d i t i v e s   for  the  formation  of  high  melting  metal  vanad-  

a tes ,   melting  points   of  1800°F  or  h igher .   Copper  and  manganese 

gave  i n t e rmed ia t e   r e s u l t s   with  compounds  melting  a t  



approximately  15000F.  Poor  r e s u l t s   were  obtained  with  m a t e r i -  

als  such  as  lead  oxide,  molybdena,  tin  oxide,  chromia,  z i n c  

oxide,  cobal t   oxide,  cadimium  oxide  and  some  of  the  r a r e  

e a r t h s .  

The  ma te r i a l   repor ted   and  produced  in  Table  3,  namely  24,000 

ppm  vanadia  on  sorbent   with  no  metal  a d d i t i v e ,   was  f i red   a t  

1500°F  and  then  s tudied  in  the  SEM.  The  fused  p a r t i c l e s   i n i -  

t i a l l y   gave  a  p i c t u r e   of  fused  p a r t i c l e s ,   however,  as  t h e  

ma te r i a l   was  con t inuous ly   bombarded  the  fused  p a r t i c l e s   s e p a r a -  

ted  due  to  the  heat  generated  by  the  bombarding  e l e c t r o n s .   One 

was  able  to  not ice   the  melting  and  flowing  of  vanadia  with  t h e  

i n i t i a l   s ingle   fused  p a r t i c l e s   s e p a r a t i n g   into  two  d i s t i n c t  

m i c r o s p h e r i c a l   p a r t i c l e s .  

An  example  of  our  XRD  work  is  the  i d e n t i f i c a t i o n   of  the  com- 

pound  formed  when  manganese  ace t a t e   reacted  with  vanadium  p e n t -  

oxide.  This  compound  has  been  t e n t a t i v e l y   i d e n t i f i e d   as 

Mn2V2O7. 

The  commercial  a p p l i c a t i o n   of  the  metal  add i t i ve   of  this   i n v e n -  

tion  is  i l l u s t r a t e d   in  Figure  2.  As  shown  in  November  a 

reduced  crude  was  processed  over  a  v i rg in   sorbent   and  a f t e r  

10,000  ppm  vanadia  the  c a t a l y s t   began  to  exh ib i t   extreme  clump- 

ing  p r o p e r t i e s .   This  was  repeated  in  December.  In  J a n u a r y ,  

the  metal  add i t ive   was  added  to  the  reduced  crude  and  reduced  

i ts   clumping  p r o p e r t i e s .   The  add i t i ve   was  DuPont's  Tyzor  TPT 

( t e t r a i s o p r o p y l   t i t a n a t e ) .  



1.  A  p r o c e s s   f o r   p r e p a r i n g   a  r e d u c e d   c r u d e   or   c r u d e   o i l  

of   r e d u c e d   m e t a l   and  C o n r a d s o n   c a r b o n   c o n t e n t   f rom  a  

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

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

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

m e t a l   a d d i t i v e   p r o m o t e d   s o r b e n t   to  i m m o b i l i z e  

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

c r a c k i n g   m i c r o - a c t i v i t y   t e s t   v a l u e   of   l e s s   t h a n   2 0 ,  

a t   e l e v a t e d   t e m p e r a t u r e s   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   or   m o v i n g   bed  r e a c t i o n   z o n e   f o l l o w e d  

by  r a p i d   s e p a r a t i o n   o f   t h e   g a s e o u s   p r o d u c t s   a n d  

s p e n t   s o r b e n t ,   s u b j e c t i n g   s a i d   s p e n t   s o r b e n t   t o  

r e g e n e r a t i o n   in   t h e   p r e s e n c e   of   an  o x y g e n   c o n t a i n i n g  

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

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

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   r e d u c e d   c r u d e   o r  

c r u d e   o i l   c o n t a i n s   100  ppm  or   more   of   m e t a l s  

c o n s i s t i n g   o f   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   a n d  

t h e   C o n r a d s o n   c a r b o n   v a l u e   i s   8  wt%  or   h i g h e r   a n d  

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

d e m e t a l l i z a t i o n   c o n t a i n s   l e s s   t h a n   100  ppm  m e t a l s ,  

p r e f e r a b l y   l e s s   t h a t   50  ppm  m e t a l s   and  l e s s   t h a n   1 0  

wt%  C o n r a d s o n   c a r b o n ,   p r e f e r a b l y   l e s s   t h a n   8  w t% 

C o n r a d s o n   c a r b o n   and  w h e r e i n   s a i d   s o r b e n t   i s   i n  

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

and  h a s   a  s u r f a c e   a r e a   b e l o w   a b o u t   50  m2 /g   and  a  

p o r e   v o l u m e   of   0 . 2   c c / g   or   g r e a t e r .  

3.  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   v a n a d i u m  

c o n c e n t r a t i o n   on  t h e   s o r b e n t   i s   1 0 , 0 0 0   ppm  o r  

g r e a t e r   and  w h e r e i n   t h e   m e t a l   a d d i t i v e   to  i m m o -  



b i l i z e   v a n a d i u m   c o m p o u n d s   on  a  s o r b e n t   w i l l   i n c l u d e  

t h e   f o l l o w i n g   e l e m e n t s :   Mg,  Ca,  S r ,   Ba,  Sc,   Y,  L a ,  

T i ,   Z r ,   Hf ,   Nb,  Ta,   Mn,  Fe ,   I n ,   T l ,   B i ,   T e ,  

l a n t h a n i d e   and  a c t i n i d e   s e r i e s   of   e l e m e n t s .  

4.  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   p r o d u c t   f rom  t h e  

d e c a r b o n i z a t i o n - d e m e t a l l i z a t i o n   p r o c e s s   i s   u t i l i z e d  

as  f e e d s t o c k   f o r   a  r e d u c e d   c r u d e   c o n v e r s i o n   p r o c e s s  
of   f l u i d   c a t a l y t i c   c r a c k i n g   p r o c e s s .  

5.  A  p r o c e s s   f o r   p r e p a r i n g   a  r e d u c e d   c r u d e   or   c r u d e   o i l  

o f   r e d u c e d   m e t a l   and  C o n r a d s o n   c a r b o n   c o n t e n t   f rom  a  

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

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

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

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

t e s t   v a l u e   of   l e s s   t h a n   20,  a t   e l e v a t e d   t e m p e r a t u r e s  
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   or   m o v i n g   b e d  

r e a c t i o n   z o n e   f o l l o w e d   by  r a p i d   s e p a r a t i o n   of   t h e  

g a s e o u s   p r o d u c t s   and  s p e n t   s o r b e n t ,   s u b j e c t i n g   s a i d  

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

to  i m m o b i l i z e   t h e   v a n a d i u m   c o m p o u n d s   d e p o s i t e d   o n  

t h e   s o r b e n t ,   in  t h e   p r e s e n c e   of   an  o x y g e n   c o n t a i n i n g  

gas   to  y i e l d   a  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   and  t h e  

d e p o s i t e d   v a n a d i u m   in  t h e   l o w e r   o x i d a t i o n   s t a t e ,  

w i t h   r e c y c l e   of   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 i s e r  

t r a n s f e r   zone   or   m o v i n g   t h e   r e a c t i o n   z o n e   f o r  

t r e a t m e n t   of   f r e s h   r e d u c e d   c r u d e   or   c r u d e   o i l .  

6.  The  p r o c e s s   of   C l a i m   5  w h e r e i n   t h e   r e d u c e d   c r u d e   o r  

c r u d e   o i l   c o n t a i n s   100  ppm  or   more   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   a n d  

t h e   C o n r e a d o n s   c a r b o n   v a l u e   i s   8  wt%  or   h i g h e r   a n d  



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

d e m e t a l l i z a t i o n   c o n t a i n s   l e s s   t h a n   100  ppm  m e t a l s ,  

p r e f e r a b l y   l e s s   t h a n   50  ppm  m e t a l s   and  l e s s   t h a n   1 0  

wt%  C o n r a d s o n   c a r b o n ,   p r e f e r a b l y   l e s s   t h a n   8  w t% 

C o n r a d s o n   c a r b o n .  

7.  The  p r o c e s s   o f   C l a i m   5  w h e r e i n   t h e   v a n a d i a   o x i d a t i o n  

s t a t e   i s   r e d u c e d   to   a  l o w e r   l e v e l   in   t h e   r i s e r  

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

l e v e l   by  e m p l o y i n g   i n c o m p l e t e   c o m b u s t i o n   of   t h e   c o k e  

on  t h e   s o r b e n t   in   t h e   r e g e n e r a t i o n   z o n e .  

8.  The  p r o c e s s   o f   C l a i m   5  w h e r e i n   t h e   s o r b e n t   i s  

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

m o n t m o r i l l o n i t e s ,   s m e c t i t e s   and  o t h e r   2 - l a y e r e d  

l a m e l l o r   s i l i c a t e s ,   m u l l i t e ,   p u m i c e ,   s i l i c a ,  

l a t e r n i t e   and  w h e r e i n   b i n d e r   m a t e r i a l s   w o u l d   b e  

a d d e d   to  t h e   s o r b e n t   w h i c h   i n c l u d e   Mg,  Ca,  Ba,  T i ,  

Z r ,   Ta,   I n ,   B i ,   and  F e .  

9.  The  c o m p o s i t i o n   of   m a t t e r   i s   u s e   in   p r o c e s s   C l a i m   1  

and  C l a i m   5  c o n t a i n i n g   m i c r o s p h e r i c a l   c l a y   and   1 - 6  

wt%  t i t a n i u m   or   z i r c o n i u m   as  an  o x i d e   in   f i n a l   f o r m .  

10.  The  c o m p o s i t i o n   of   m a t t e r   i s   u s e   in   p r o c e s s   C l a i m   1 

and  C l a i m   5  c o n t a i n i n g   m i c r o s p h e r i c a l   c l a y   and  1 - 6  

wt%  t a n t a l u m ,   b i s m u t h ,   or   i n d i u m   as  an  o x i d e   i n  

f i n a l   f o r m .  
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