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©  Immobilisation  of  vanadia  deposited  on  catalytic  materials  during  the  conversion  of  oil  that  contains  coke  precursors 
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Crude  oils  or  residual  fractions  from  the  distillation  of 
petroleum  containing  substantial  amount  of  metals  such  as 
Ni,  V,  Fe,  Cu,  Na  and  high  Conradson  carbon  values  are 
converted  to  liquid  transportation  and  distillate  heating  fuels 
by  contacting  with  a  zeolitic  containing  catalyst  containing  a 
metal  additive  to  immobilize  the  vanadium  oxides  deposited 
on  the  catalyst.  As  the  vanadium  oxide  level  builds  up  on  the 
catalyst,  the  elevated  temperatures  encountered  in  the 
regeneration  zone  cause  the  vanadia  to  melt  and  liquid 
vanadia  to  flow.  Among  other  things  this  vanadia  enters  the 
zeolite  structure  leading  to  neutralization  of  acid  sites  and 
more  significantly  to  irreversible  destruction  of  the  crystal- 
line  structure  to  less  active  amorphous  material  (see 
attached  graphs).  In  addition  this  melting  and  flowing  of 
vanadia  can,  at  high  levels  and  for  materials  with  low  surface 
area,  also  coat  the  outside  of  the  microscope  with  liquid, 
thereby  causing  coalescence  between  catalyst  particles 
adversely  affecting  its  fluidization  properties.  The  select 
metal  additives  of  this  invention  were  chosen  so  as  to  form 
compounds  or  complexes  with  vanadia  which  have  melting 

points  above  the  temperatures  encountered  in  the  regenera- 
tion  zone,  thus  avoiding  zeolite  destruction,  surface  sintering 
and  particle  fusion. 

These  select  additives  were  also  chosen  with  a  view  of 
immobilizing  vanadia  while  simultaneously  avoiding  neutra- 
lization  of  acidic  sites.  Many  additional  additives  which  do 
affect  the  melting  point  of  vanadia  were  eliminated  due  to 
this  negative  effect  on  catalyst  activity.  Titania  and  zirconia, 
in  combination  with  silica,  are  known  to  form  acidic  catalysts 
with  cracking  activity  in  their  own  right.  Alkaline  earth  metals 
can  be  used  to  immobilize  vanadia  but  are  somewhat 
detrimental  to  acidic  sites.  Selection  of  additives  to  immobil- 
ize  vanadia  on  RCC  catalysts  is  much  more  confined  in 
comparison  but  dealing  with  the  same  problem  as  vanadia 
deposited  on  sorbent  materials. 

The  method  of  addition  of  the  metal  additive  can  be 
during  manufacture,  after  spray  drying  or  at  any  point  in  the 
reduced  crude  processing  cycle. 





BACKGROUND  OF  THE  INVENTION 

This  invent ion   r e l a t e s   to  an  improved  c a t a l y s t ,   one  or  more 

methods  for  i ts   p r e p a r a t i o n ,   one  or  more  methods  for  t r e a t m e n t ,  

and  a  process   for  i ts  use  in  the  convers ion   of  reduced  crude  o r  

crude  oi l   to  l iqu id   t r a n s p o r t a t i o n   and/or  hea t ing   fue ls .   More 

p a r t i c u l a r l y ,   the  invent ion   is  r e l a t e d   to  a  c a t a l y s t   composi -  

t ion  comprising  a  c a t a l y t i c a l l y   ac t ive   c r y s t a l l i n e   a lumino-  

s i l i c a t e   z e o l i t e   uniformly  d i spe rsed   wi th in   a  matrix  c o n t a i n i n g  

a  metal  a d d i t i v e   as  a  s e l e c t   metal,  i ts   oxide  or  s a l t s   to  immo- 

b i l i z e   the  vanadium  oxide  depos i ted   on  the  c a t a l y s t   during  p r o -  

cess ing .   A  f u r t h e r   embodiment  of  th is   i nven t ion   is  the  a d d i -  

t ion  of  the  metal  a d d i t i v e   for  vanadia  immobi l i za t ion   d u r i n g  

c a t a l y s t   manufac ture ,   a f t e r   spray  drying  by  impregnat ion,   or  a t  

any  point   in  the  reduced  crude  p roces s ing   c y c l e .  

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  objec t   to  increase   the  yie ld   of  g a s o l i n e  

and  its  q u a l i t y .   Early  fixed  bed,  moving  bed,  and  f lu id   bed 

c a t a l y t i c   cracking  FCC  processes   employed  vacuum  gas  o i ls   (VGO) 

from  crude  sources  that  were  cons idered   sweet  and  l i g h t .   The 

terminology  of  sweet  r e fe r s   to  low  s u l f u r   content   and  l i g h t  

r e fe r s   to  the  amount  of  ma te r ia l   bo i l ing   below  a p p r o x i m a t e l y  

1 , 0 0 0 - 1 , 0 2 5 ° F .  

The  c a t a l y s t s   employed  in  early  homogeneous  f lu id   dense  beds 

were  of  an  amorphous  s i l i c e o u s   m a t e r i a l ,   prepared  s y n t h e t i c a l l y  



or  from  n a t u r a l l y   occu r r i ng   m a t e r i a l s   a c t i v a t e d   by  acid  l e a c h -  

ing.Tremendous  s t r i d e s   were  made  in  the  1950's  in  FCC  t e c h n o l -  

ogy  as  to  me ta l lu rgy ,   p r o c e s s i n g   equipment,   r e g e n e r a t i o n   and 

new  more-ac t ive   and  more  s t a b l e   amorphous  c a t a l y s t s .   However, 

i n c r e a s i n g   demand  with  r e s p e c t   to  q u a n t i t y   of  ga so l ine   and 

i nc rea sed   octane  number  r e q u i r e m e n t s   to  s a t i s f y   the  new  h i g h  

horsepower -h igh   compression  engines   being  promoted  by  the  a u t o  

i n d u s t r y ,   put  extreme  p r e s s u r e   on  the  pet roleum  i n d u s t r y   t o  

i n c r e a s e   FCC  capac i 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 t s   came  in  the  ea r ly   1 9 6 0 ' s ,  

with  the  i n t r o d u c t i o n   of  molecu la r   s ieves   or  z e o l i t e s ,   which 

were  i ncorpora ted   into  the  matr ix   of  amorphous  and/or   amor-  

p h o u s / k a o l i n   ma t e r i a l s   c o n s t i t u t i n g   the  FCC  c a t a l y s t s   of  t h a t  

time.  These  new  z e o l i t i c   c a t a l y s t s ,   c o n t a i n i n g   a  c r y s t a l l i n e  

a l u m i n o - s i l i c a t e   z e o l i t e   in  an  amorphous,  a m o r p h o u s / k a o l i n ,  

matr ix   of  s i l i c a ,   alumina,  s i l i c a - a l u m i n a ,   k a o l i n ,   etc.   were  a t  

l e a s t   1,000-10,000  times  more  a c t i v e   for  c racking  h y d r o c a r b o n s  

than  the  e a r l i e r   amorphous,  amorphous /kao l in   c o n t a i n i n g   s i l i c a -  

alumina  c a t a l y s t s .   This  i n t r o d u c t i o n   of  z e o l i t i c   c r a c k i n g  

c a t a l y s t s   r e v o l u t i o n i z e d   the  f l u i d   c a t a l y t i c   c rack ing   p r o c e s s .  

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,   sho r t ened   contac t   t imes,  new  r e g e n e r a -  

t ion  p rocesses ,   new  improved  z e o l i t i c   c a t a l y s t   d e v e l o p m e n t s ,  

e t c .  

The  o v e r a l l   r e su l t   (economic)  of  these  z e o l i t i c   c a t a l y s t   d e v e l -  

opments  was  to  give  the  pe t ro leum  i n d u s t r y  t h e   c a p a b i l i t y  



of  g r e a t l y   i nc reas ing   th roughput   of  f eeds tock   with  i n c r e a s e d  

convers ion   and  s e l e c t i v i t y   while  employing  the  same  un i t s   w i t h -  

out  expansion  and  without   r e q u i r i n g   new  unit  c o n s t r u c t i o n .  

The  newer  c a t a l y s t   developments   revolved  around  the  deve lopment  

of  var ious   z e o l i t e s   such  as  type  X,  Y,  f a u j a s i t e ;   i n c r e a s e d  

t h e r m a l - s t e a m   s t a b i l i t y   through  the  i n c l u s i o n   of  rare   e a r t h  

ions  or  ammonium  via  ion-exchange   t echn iques   and  the  d e v e l o p -  

ment  of  more  a t t r i t i o n   r e s i s t a n t   m a t r i c e s .  

After   the  i n t r o d u c t i o n   of  z e o l i t i c   c o n t a i n i n g   c a t a l y s t s   t he  

pe t ro leum  indus t ry   began  to  s u f f e r   from  crude  a v a i l a b i l i t y   as 

to  q u a n t i t y   and  q u a l i t y   accompanied  by  i n c r e a s i n g   demand  f o r  

ga so l i ne   with  i nc rea s ing   octane  value.   The  world  crude  s u p p l y  

p i c t u r e   changed  in  the  l a te   1 9 6 0 ' s  -   ear ly   1970 ' s .   From  a  s u r -  

plus  of  l i g h t - s w e e t   crudes  the  supply  s i t u a t i o n   changed  to  a 

t i g h t e r   supply  with  an  ever  i n c r e a s i n g   amount  of  h e a v i e r   c rudes  

with  higher   su l fu r   c o n t e n t s .   These  heav ie r   and  high  s u l f u r  

crudes  p resen ted   p roces s ing   problems  to  the  pe t ro leum  r e f i n e r  

in  that   these  heavier   crudes  i n v a r i a b l y   also  con ta ined   much 

higher   metals  and  Conradson  carbon  va lues ,   with  accompanying 

s i g n i f i c a n t l y   increased   a s p h a l t i c   c o n t e n t .  

F r a c t i o n a t i o n   of  the  t o t a l   crude  to  y ie ld   cat  c r a c k e r   cha rge  

s tocks  also  requi red   much  b e t t e r   con t ro l   to  ensure  that   m e t a l s  

and  Conradson  carbon  values  were  not  c a r r i e d   overhead  to  con-  

taminate   the  FCC  charge  s t o c k .  

The  e f f e c t s   of  metals  and  Conradson  carbon  on  a  z e o l i t i c  



con ta in ing   FCC  c a t a l y s t   have  been  desc r ibed   in  the  l i t e r a t u r e  

as  to  t h e i r   h igh ly   unfavorab le   e f f e c t   in  lowering  c a t a l y s t  

a c t i v i t y   and  s e l e c t i v i t y   for  gaso l ine   p roduc t ion   and  t h e i r  

equa l ly   harmful   e f f e c t   on  c a t a l y s t   l i f e .   In  p a r t i c u l a r ,   we 

have  shown  tha t   vanadia ,   at  high  c o n c e n t r a t i o n s   in  the  feed,  i s  

e s p e c i a l l y   d e t r i m e n t a l   to  c a t a l y s t   l i f e .  

As  mentioned  p r e v i o u s l y ,   these  heav i e r   crude  o i l s   a l s o  

conta ined  more  of  the  heav ie r   f r a c t i o n s   and  y ie lded   less  or  a 

lower  volume  of  the  high  q u a l i t y   FCC  charge  s tocks  which  norm- 

al ly   boi ls   below  1025°F,  and  u sua l ly   is  so  p rocessed ,   as  t o  

conta in   metal  c o n t e n t s   below  1  ppm,  p r e f e r a b l y   0.1  ppm  and 

Conradson  carbon  values   s u b s t a n t i a l l y   below  1.  

With  this   i n c r e a s i n g   supply  of  h e a v i e r   crudes,   which  meant  

lowered  y i e l d s   of  g a s o l i n e   and  the  i n c r e a s i n g   demand  for  l i q u i d  

t r a n s p o r t a t i o n   f u e l s ,   the  pe t ro leum  indus t ry   began  a  search  f o r  

p roces s ing   schemes  to  u t i l i z e   these  heav ie r   crudes  in  p r o d u c i n g  

g a s o l i n e .   Most  of  these  p r o c e s s i n g   schemes  have  been  d e s c r i b e d  

in  the  l i t e r a t u r e .   These  include  Gu l f ' s   Gul f in ing   and  Union 

Oil  Uni f in ing   p r o c e s s e s   for  t r e a t i n g   residuum,  UOP's  Aurabon 

process ,   Hydrocarbon  R e s e a r c h ' s   H-Oil  p rocess ,   Exxon ' s  

F lex icok ing   p roce s s   to  produce  thermal  gaso l ine   and  coke ,  

H-Oi l ' s   Dynacracking  and  P h i l l i p ' s   Heavy  Oil  Cracking  (HOC). 

These  p r o c e s s e s   u t i l i z e   thermal  c racking   or  h y d r o t r e a t i n g   f o l -  

lowed  by  FCC  or  hyd roc rack ing   o p e r a t i o n s   to  handle  the  h i g h e r  

content   of  metals   (Ni-V-Fe-Cu-Na)  and  high  Conradson  ca rbon  

values  of  5-15.  Some  of  the  drawbacks  of  this   type  o f  



p r o c e s s i n g   are  as  fo l lows :   Coking  y ie lds   thermal ly   c r a c k e d  

ga so l i ne   which  has  a  much  lower  octane  value  than  cat  c r a c k e d  

ga so l i ne   and  is  uns t ab l e   due  to  the  p roduc t ion   of  gum  from 

d i o l e f i n s   and  r e q u i r e s   f u r t h e r   h y d r o t r e a t i n g   and  reforming  t o  

produce  high  octane  p roduc t ;   gas  oi l   q u a l i t y   is  degraded  due  t o  

thermal  r e a c t i o n s   to  produce  a  product   con ta in ing   r e f r a c t o r y  

p o l y n u c l e a r   a roma t i c s ,   high  Conradson  carbons  are  h i g h l y  

u n s u i t a b l e   in  c a t a l y t i c   c r ack ing ;   h y d r o t r e a t i n g   r e q u i r e s   e x p e n -  

sive  high  p re s su re   hydrogen,   s p e c i a l   a l loy   m u l t i - r e a c t o r   s y s -  

tem,  cos t ly   o p e r a t i o n s ,   and  a  s e p a r a t e   cos t ly   f a c i l i t y   for  t h e  

p roduc t ion   of  h y d r o g e n .  

To  b e t t e r   unders tand   the  reasons  why  the  indus t ry   has  

p rog re s sed   along  the  p r o c e s s i n g   schemes  d e s c r i b e d ,   one  must  

unders tand   the  known  and  e s t a b l i s h e d   e f f e c t s   of  c o n t a m i n a n t  

metals  (Ni-V-Fe-Cu-Na)  and  Conradson  carbon  on  the  z e o l i t i c  

c o n t a i n i n g   cracking  c a t a l y s t s   and  the  ope ra t ing   pa ramete r s   of  a 

FCC  uni t .   Metal  con ten t   and  Conradson  carbon  are  two  v e r y  

e f f e c t i v e   r e s t r a i n t s   on  the  o p e r a t i o n   of  a  FCC  unit  or  a 

Reduced  Crude  Conversion  uni t   towards  ob ta in ing   maximum  c o n v e r -  

s ion,   s e l e c t i v i t y   and  l i f e .   As  metals  and  Conradson  c a r b o n  

i n c r e a s e ,   the  o p e r a t i n g   c apac i t y   and  e f f i c i e n c y   of  a  FCC  u n i t  

is  g r e a t l y   and  f i n a l l y   adve r se ly   a f f e c t e d   or  made  i m p o s s i b l e ,  

a l though  there  is  enough  hydrogen  in  the  feed  to  produce  o n l y  

to luene  and  pentane,   if  a  highly  s e l e c t i v e   c a t a l y s t   could  be 

d e v i s e d .  



The  e f f e c t   of  i n c r e a s i n g   Conradson  carbon  is  to  i nc rease   t h a t  

po r t ion   of  the  f eeds tock   conver ted   to  carbon  depos i ted   on  t h e  

c a t a l y s t .   In  t y p i c a l   VGO  o p e r a t i o n s   employing  a  z e o l i t e   con-  

t a i n i n g   c a t a l y s t   in  a  FCC  un i t ,   the  amount  of  coke  depos i t ed   on 

the  c a t a l y s t   averages  around  about  4-5  wt%  of  feed.  This  coke 

p roduc t 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  mechan- 

isms,  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 a c k i n g ) ,   e n t r a i n e d   hydrocarbons  (pore  s t r u c -  

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

case  of  p r o c e s s i n g   h igher   b o i l i n g   f r a c t i o n s ,   e . g . ,   r educed  

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

duct ion   based  on  feed  is  the  summation  of  the  four  types  p r e s -  

ent  in  VGO  p r o c e s s i n g   plus  the  h igher   Conradson  carbon  v a l u e ,  

h igher   b o i l i n g   u n s t r i p p a b l e   hydrocarbons   and  coke  a s s o c i a t e d  

with  high  n i t r ogen   c o n t a i n i n g   molecules   which  i r r e v e r s i b l y  

adsorb  on  the  c a t a l y s t .   Thus,  coke  p roduc t ion   on  clean  c a t a l -  

ys t ,   when  p r o c e s s i n g   reduced  c rudes ,   is  approximate ly   4  wt% 

plus  the  Conradson  carbon  value  of  the  f eeds tock .   Thus,  t h e r e  

has  been  p o s t u l a t e d ,   two  other   types  of  coke  formers  p r e s e n t   i n  

reduced  crudes  in  a d d i t i o n   to  the  four  p r e sen t   in  VGO  a n d t h e y  

are:  1)  adsorbed  and  absorbed  high  bo i l i ng   hydrocarbons  n o t  

removed  by  n o r m a l - e f f i c i e n t   s t r i p p i n g   and,  2)  high  m o l e c u l a r  

weight  n i t rogen   con t a in ing   hydrocarbon  compounds  adsorbed  on 

the  c a t a l y s t ' s   acid  s i t e s .   Both  of  thse  two  new  types  of  c o k -  

ing  producing  phenomena  add  g r e a t l y   to  the  complexity  of  r e s i d  

p r o c e s s i n g .  



The  spen t -coked   c a t a l y s t   is  brought  back  to  e q u i l i b r i u m   a c t i v -  

ity  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  genera ted   during  r e g e n e r a t i o n   is  removed  by  the  c a t a l -  

yst  and  c a r r i e d   to  the  r e a c t i o n   zone  for  v a p o r i z a t i o n   of  t h e  

feed  and  to  provide   heat  for  the  endothermic  na tu re   of  t h e  

c rack ing   r e a c t i o n .   The  t empera tu re   in  the  r e g e n e r a t o r   is  norm- 

a l ly   l imi ted   because  of  me ta l lu rgy   l i m i t a t i o n s   and  the  t h e r m a l -  

steam  s t a b i l i t y   of  the  c a t a l y s t .  

The  t h e r m a l - s t e a m   s t a b i l i t y   of  the  z e o l i t e   c o n t a i n i n g   c a t a l y s t  

is  determined  by  the  t empera tu re   and  steam  p a r t i a l   p r e s s u r e   a t  

which  the  z e o l i t e   begins  to  r ap id ly   lose  i t s   c r y s t a l l i n e   s t r u c -  

ture  to  y ie ld   a  low  a c t i v i t y   amorphous  m a t e r i a l .   The  p r e s e n c e  

of  steam  is  highly  c r i t i c a l   and  is  genera ted   by  the  burning  o f  

adsorbed  carboneceous   m a t e r i a l   which  has  a  high  hydrogen  con-  

t en t .   This  carboneceous   m a t e r i a l   is  p r i n c i p a l l y   the  high  b o i l -  

ing  adsorbed  hydrocarbons   with  bo i l ing   po in t s   as  high  as  1500- 

l700°F  or  above  that   have  a  modest  hydrogen  con t en t   and  t h e  

high  bo i l i ng   n i t r ogen   con t a in ing   hydrocarbons  as  well  as  r e l a -  

ted  po rphyr ins   and  a s p h a l t e n e s .  

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

p roduc t ion   i n c r e a s e s   and  th is   increased  load  wi l l   r a i s e   t h e  

r e g e n e r a t i o n   t e m p e r a t u r e ;   thus  the  unit  is  l i m i t e d   as  to  t h e  

amount  of  feed  that   can  be  p rocessed ,   due  to  the  Conradson  c a r -  

bon  con ten t .   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.  A  new  development  in  reduced  crude  p r o c e s s i n g ,  



namely,  Ashland  O i l ' s   "Reduced  Crude  Conversion  Process"   (pend-  

ing  a p p l i c a t i o n   USSN  094,216)  can  opera te   at  r e g e n e r a t o r   tem- 

p e r a t u r e s   in  the  range  of  1350-1400°F.   But  even  these  h i g h e r  

r e g e n e r a t o r   t empera tu res   p lace   a  l im i t   on  the  Conradson  ca rbon  

value  of  the  feed  at  a p p r o x i m a t e l y   8.  This  l eve l   is  c o n t r o l -  

l ing  unless   c o n s i d e r a b l e   water   is  in t roduced   to  f u r t h e r   c o n t r o l  

t e m p e r a t u r e ,   which  a d d i t i o n   is  p r a c t i c e d   in  the  RCC  p r o c e s s .  

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

V-Fe-Cu,  p resen t   in  po rphyr in s   and  a s p h a l t e n e s .   These  m e t a l  

c o n t a i n i n g   hydrocarbons  are  d e p o s i t e d   on  the  c a t a l y s t   d u r i n g  

p r o c e s s i n g   and  are  cracked  in  the  r i s e r   to  d e p o s i t   the  metal  o r  

c a r r i e d   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   o r  

a s p h a l t e n e   and  conver ted  to  the  metal  oxide  during  r e g e n e r a -  

t ion .   The  adverse  e f f e c t s   of  these  metals  as  taught   in  t h e  

l i t e r a t u r e   are  to  cause  n o n - s e l e c t i v e   or  d e g r a d a t i v e   c r a c k i n g  

and  dehydrogena t ion   to  produce  i nc rea sed   coke  and  l i g h t   g a s e s  

such  as  hydrogen,  methane  and  e thane  which  a f f e c t s   s e l e c t i v i t y ,  

r e s u l t i n g   in  and  poor  y ie ld   and  q u a l i t y   of  g a s o l i n e   and  l i g h t  

cycle  o i l .   The  inc reased   p r o d u c t i o n   of  l i g h t   gases,   w h i l e  

impai r ing   the  yie ld   and  s e l e c t i v i t y   s t r u c t u r e   of  the  p r o c e s s ,  

also  puts  an  increased   demand  on  compressor  c a p a c i t y .   The 

i n c r e a s e   in  coke  p r o d u c t i o n ,   in  a d d i t i o n   to  i t s   nega t ive   impac t  

on  y i e l d ,   also  a f f e c t s   c a t a l y s t   a c t i v i t y - s e l e c t i v i t y ,   g r e a t l y  

i n c r e a s e s   r e g e n e r a t o r   a i r   demand  and  compressor  c apac i t y   and 

u n c o n t r o l l a b l e   and  dangerous  r e g e n e r a t o r   t e m p e r a t u r e .  



These  problems  of  the  p r io r   art   have  been  g r e a t l y   minimized  by 

the  development  at  Ashland  Oil,  Inc.  of  the  Reduced  Crude 

Conversion  Process ,   see  pending  a p p l i c a t i o n s   094,092  and 

094,216.  This  new  process   can  handle  reduced  crudes  or  c r u d e  

oi ls   c o n t a i n i n g   high  metals  and  Conradson  carbon  values  p r e v i -  

ously  not  s u s c e p t i b l e   to  d i r e c t   p r o c e s s i n g .   Normally,  t h e s e  

crudes  r equ i re   expensive   vacuum  d i s t i l l a t i o n   to  i s o l a t e   s u i t -  

able  f e e d s t o c k s ,   and  producing  as  a  by  p roduc t ,   high  s u l f u r  

c o n t a i n i n g   vacuum  s t i l l   bottoms.  The  RCC  process   avoids  all   o f  

t h i s .  

It  was  ear ly   noted  that   reduced  crudes  with  high  n ickel   t o  

vanadium  l eve l s   p re sen ted   less  problems  as  to  c a t a l y s t   d e a c -  

t i v a t i o n   at  high  metal  on  c a t a l y s t   c o n t e n t s ,   e . g . ,   5 , 0 0 0 -  

10,000  ppm,  at  e l eva ted   r e g e n e r a t o r   t e m p e r a t u r e s .   However, 

when  reduced  crudes  with  high  vanadium  to  n ickel   leve ls   a r e  

processed  over  z e o l i t e   con ta in ing   c a t a l y s t s ,   e s p e c i a l l y   at  h i g h  

vanadium  l eve l s   on  the  c a t a l y s t ,   rapid  d e a c t i v a t i o n   of  the  z e o -  

l i t e   c o n t a i n i n g   c a t a l y s t   is  noted.  This  d e a c t i v a t i o n   m a n i f e s t s  

i t s e l f   as  a  rapid  loss  of  the  z e o l i t e   s t r u c t u r e   at  vanadium 

l eve l s ,   above  5,000  ppm  approaching  10,000  ppm  at  e l e v a t e d  

r e g e n e r a t o r   t e m p e r a t u r e s .   Publ ished  accounts   r epor t   that   it  i s  

imposs ible   to  opera te   at  vanadium  l eve l s   h igher   than  10,000  ppm 

because  of  th is   f a c t o r .   To  date,   this   rapid  vanadium  d e a c t i v a -  

tion  at  high  vanadium  leve ls   has  only  been  r e t a rded   by  l o w e r i n g  

r e g e n e r a t o r   t emper tu res   and  i n c r e a s i n g   the  a d d i t i o n   rate   of  

v i rg in   c a t a l y s t .  



SUMMARY  OF  THE  INVENTION 

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

employing  the  c a t a l y s t   and  s e l e c t   metal  a d d i t i v e   of  this   i n v e n -  

tion  which  allows  the  p r o c e s s i n g   of  a  reduced  crude  or  c r u d e  

oi l   of  high  m e t a l s  -   high  vanadium  to  n icke l   r a t i o   and 

Conradson  carbon  va lue .   A  reduced  crude  or  crude  o i l   having  a 

high  metal  and  Conradson  carbon  value  is  con tac ted   with  a  z e o -  

l i t i c   c o n t a i n i n g   c a t a l y s t   of  high  area  at  t empe r tu r e s   above 

about  950°F.  Residence  time  of  the  oi l   in  the  r i s e r   is  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 ize  of  t h e  

c a t a l y s t   is  a p p r o x i m a t e l y   20  to  150  microns  in  s ize   to  e n s u r e  

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  c r u d e  -   crude  o i l   is  in t roduced   at  the  bottom  o f  

the  r i s e r   and  c o n t a c t s   the  c a t a l y s t   at  a  t empera tu re   of  1200-  

1400*F  to  y i e ld   a  t e m p e r a t u r e   at  the  exi t   of  the  r i s e r   in  t h e  

r eac to r   vesse l   of  app rox ima te ly   950-1100°F.  Along  with  t h e  

reduced  crude  or  crude  o i l ,   water ,   steam,  naphtha,   flue  g a s ,  

e t c . ,   may  be  i n t r o d u c e d   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  c o n t r o l   r e s i d e n c e   time  and  provides   o ther   b e n e f i t s  

desc r ibed   in  a p p l i c a t i o n s   #094 ,216 .  

Spent  c a t a l y s t   is  r a p i d l y   s epa ra t ed   from  the  hydrocarbon  v a p o r s  

at  the  ex i t   of  the  r i s e r   by  employing  the  vented  r i s e r   c o n c e p t  

developed  by  Ashland  Oil ,   Inc.  U.  S.  Patent   No.  4 , 0 6 6 , 5 3 3 .  

During  the  course  of  the  r e a c t i o n   in  the  r i s e r ,   the  metal  and 

Conradson  carbon  compounds  are  depos i ted   on  the  c a t a l y s t .  



After  s e p a r a t i o n   in  the  vented  r i s e r ,   the  spent  c a t a l y s t   i s  

depos i ted   as  a  dense  but  f l u f f e d   bed  at  the  bottom  of  the  r e a c -  

tor  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 -  

tion  zone.  The  spent   c a t a l y t s   is  con tac t ed   with  an  oxygen  con-  

t a in ing   gas  to  remove  the  carboneous  m a t e r i a l   through  combus- 

tion  to  carbon  oxides  to  y ie ld   a  r e g e n e r a t e d   c a t a l y s t   c o n t a i n -  

ing  less  than  0.1  wt%  carbon,   p r e f e r a b l y   less  than  0.05  wt% 

carbon.  The  r e g e n e r a t e d   c a t a l y s t   is  then  recycled   to  the  b o t -  

tom  of  the  r i s e r   where  it  again  joins  high  metal  and  Conradson 

carbon  con t a in ing   feed  to  r epea t   the  c y c l e .  

At  the  e l eva ted   t e m p e r a t u r e s   encounte red   in  the  r e g e n e r a t i o n  

zone,  the  vanadium  d e p o s i t e d   on  the  c a t a l y s t   is  converted  t o  

vanadium  oxides ,   in  p a r t i c u l a r ,   vanadium  pen tox ide .   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  c a t a l y s t   s u r f a c e ,   cause  pore  p l u g g i n g ,  

p a r t i c l e   c o a l e s c e n c e ,   and  more  i m p o r t a n t l y ,   en ter   the  pores  o f  

the  z e o l i t e ,   where  our  s t u d i e s   have  shown  that   it  c a t a l y z e s  

i r r e v e r s i b l e   c r y s t a l l i n e   co l l apse   to  an  amorphous  m a t e r i a l .  

This  a p p l i c a t i o n   d e s c r i b e s   a  new  approach  to  o f f s e t t i n g   t h e  

adverse  e f f e c t   of  vanadium  pentoxide   by  the  i n c o r p o r a t i o n   o f  

s e l ec t   metals ,   metal  oxides  or  t he i r   s a l t s   into  the  c a t a l y s t  

matrix  during  manufac tu re ,   by  impregnat ion   techniques   a f t e r  

spray  drying,   or  added  during  p r o c e s s i n g   at  s e l e c t   points   in  

the  unit  to  a f f e c t   vanadium  immob i l i za t i on   through  compound  o r  



complex  fo rmat ion .   These  compounds  or  complexes  of  v a n a d i a  

with  metal  a d d i t i v e s ,   serve  to  immobilize  vanadia  by  c r e a t i n g  

high  melt ing  point   complexes  or  compounds  of  vanadia  which  a r e  

h igher   than  the  t empe ra tu r e s   encountered   in  the  r e g e n e r a t i o n  

zone .  



DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

The  s e l e c t   c a t a l y s t s   of  this   inven t ion   wil l   include  s o l i d s   o f  

high  c a t a l y t i c   a c t i v i t y   such  as  z e o l i t e s   in  a  matrix  of  c l a y s ,  

k a o l i n ,   s i l i c a ,   alumina,  s m e c t i t e s ,   and  o ther   2 - l aye red   l a m e l -  

lar   s i l i c a t e s ,   s i l i c a - a l u m i n a ,   etc.   The  su r face   area  of  t h e s e  

c a t a l y s t s   would  p r e f e r a b l y   be  above  100  m2/g,  have  a  p o r e  

volume  in  excess  of  0.2  cc/g  and  a  m i c r o - a c t i v i t y   or  c o n v e r s i o n  

value  as  measured  by  the  ASTM  t e s t   method  No.  D3907-80  of  a t  

l e a s t   or  g r e a t e r   than  60,  and  p r e f e r a b l y   above  65. 

To  an  aqueous  s l u r ry   of  the  raw  matrix  matrix  m a t e r i a l   and  z e o -  

l i t e   is  mixed  the  metal  a d d i t i v e   to  y ie ld   approx ima te ly   1-20 

wt%  c o n c e n t r a t i o n   on  the  f i n i s h e d   c a t a l y s t .   The  metal  a d d i t i v e  

can  be  added  in  the  form  of  a  water  so lub le   compound  such  as  

the  n i t r a t e ,   ha l ide ,   s u l f a t e ,   c a rbona t e ,   e t c . ,   and/or   as  t h e  

oxide  or  hydrous  gel.  This  mixture  is  spray  dried  to  y ie ld   t h e  

f i n i s h e d   promoted  c a t a l y s t   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  ac t ive   metal  a d d i t i v e   d e p o s i t e d  

wi th in   the  matrix  and/or   the  outer   su r face   of  the  c a t a l y s t   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  c a t a l -  

yst   can  be  as  high  as  4  wt%  of  p a r t i c l e   weight ,   the  c o n c e n t r a -  

t ion  of  metal  add i t i ve   wi l l   be  in  the  range  of  1-6  wt%  as  t h e  

metal  element  to  mainta in   at  l e a s t   a  one  to  one  atomic  r a t i o   o f  

vanadium  to  metal  a d d i t i v e   at  a l l   t imes.  The  c a t a l y s t   can  be 

impregnated  with  the  metal  a d d i t i v e   a f t e r   s p r a y  d r y i n g ,   employ-  

ing  t echn iques   well  known  in  the  a r t ,   or  as  metioned  above,  an 

a c t i v e   g e l a t i n o u s   p r e c i p i t a t e ,   such  as  t i t a n i a   or  z i r c o n i a   g e l ,  



or  other   gels  can  be  added  to  the  matrix  gel  p r io r   to  s p r a y  

d r y i n g .  

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  

wi l l   for-   compounds  or  complexes  with  vanadia  that   have  h i g h e r  

melt ing  points  than  the  t empera tures   encountered  in  the  r e g e n -  

e r a t i o n   zone.  The  one  to  one  atomic  r a t i o   was  chosen  as  m i n i -  

mum,  although  i n i t i a l l y ,   the  metal  add i t i ve   may  be  c o n s i d e r a b l y  

above  this  r a t i o   if  it  is  incorpora ted   in  the  c a t a l y s t   p r io r   t o  

use,  a f t e r   which  the  r a t i o   of  add i t ive   to  vanadia  will   d e c r e a s e  

as  vanadia  is  d e p o s i t e d   on  the  c a t a l y s t .   Thus,  at  this  one  t o  

one  r a t i o   (50%  vanadium -   50%  metal  add i t i ve )   the  melting  p o i n t  

of  the  binary  r e a c t i o n   product   is  gene ra l ly   well  above  o p e r a t -  

ing  c o n d i t i o n s .   A l t e r n a t i v e l y ,   the  metal  a d d i t i v e   may  be  added 

at  the  same  ra te   as  the  metal  content   of  the  feed  to  maintain  a 

one  to  one  atomic  r a t i o .   This  exper imenta l   approach  was 

employed  as  a  p r a c t i c a l   matter   to  uncover  and  confirm  s u i t a b l e  

m e t a l s  -   metal  oxides   which  can  form  binary  r e ac t i on   m i x t u r e s  

with  vanadium  pen tox ide   so  as  to  yeild  a  so l id   compound  t h a t  

has  a  melting  poin t   of  approximately   1800°F  or  higher   at  t h i s  

one  to  one  r a t i o .   Search  for  this   high  melt ing  point   r e a c t i o n  

product   was  i n i t i a t e d   to  help  ensure  that   vanadia  would  n o t  

melt,   flow  and  e n t e r   the  z e o l i t e   cage  s t r u c t u r e   to  cause  

d e s t r u c t i o n   of  the  z e o l i t e ' s   c r y s t a l l i n e   s t r u c t u r e   as  p r e v i o u s -  

ly  descr ibed .   The  me ta l -me ta l   oxides  o f  t h i s   invent ion   i n c l u d e  

the  fol lowing  groups  and  t he i r   act ive  elements  from  the  

Per iod ic   chart   of  the  e l e m e n t s :  



The  r eac t ion   of  the  metal  a d d i t i v e   with  vanadia  g e n e r a l l y  

y i e ld s   a  binary  r e a c t i o n   mixture .   This  i nven t ion   also  r e c o g -  

nizes  that  mixtures   of  these  a d d i t i v e   metals  with  vanadia  can 

occur  to  form  high  mel t ing   t e r n a r y   and  q u a t e r n a r y   r e a c t i o n   mix-  

t u r e s ,   e .g . ,   Barium  vanadium  t i t a n a t e ,   and  in  a d d i t i o n ,   t h e s e  

t e rna ry   and  q u a t e r n a r y   r e a c t i o n   mixtures   can  occur  with  m e t a l s  

not  covered  in  the  Groups  above.  Fur the r ,   in  this   i nven t ion   we 

have  covered  the  lower  o x i d a t i o n   s t a t e s   of  vanadium  as  well  as  

vanadium  pen tox ide .   However,  in  p roces s ing   a  s u l f u r   c o n t a i n i n g  

feed  and  r e g e n e r a t i o n   in  the  presence   of  an  oxygen  c o n t a i n i n g  

gas  vanadium  wil l   also  l i k e l y   form  such  compounds  as  vanadium 

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

t e r n a r y ,   e t c . ,   r e a c t i o n   mixtures   with  the  metal  a d d i t i v e s   o f  

th is   invent ion  as  mixed  oxides  and  s u l f i d e s .  

If  the  metal  a d d i t i v e   is  not  added  to  the  c a t a l y s t   d u r i n g  

manufacuture  then  it  can  be  added  by  impregnat ion   technques  t o  

the  spray  dried  m i c r o s p h e r i c a l   c a t a l y s t   p a r t i c l e s .   In  



a d d i t i o n ,   the  metal  a d d i t i v e   can  be  added  as  an  aqueous  o r  

hydrocarbon  s o l u t i o n   or  v o l a t i l e   compound  during  the  p r o c e s s i n g  

cycle  at  any  poin t   of  c a t a l y s t   t r a v e l   in  the  p r o c e s s i n g   u n i t .  

This  would  inc lude  but  not  be  l imi t ed   to  a d d i t i o n   of  an  aqueous 

s o l u t i o n   of  the  i n o r g a n i c   metal  s a l t   or  a  hydrocarbon  s o l u t i o n  

of  o r g a n o - m e t a l l i c   compounds  at  the  r i s e r   wye  17,  along  t h e  

r i s e r   length  4,  the  dense  bed  9  in  the  r e a c t o r   vesse l   5,  s t r i p -  

per  10  and  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 egene ra t ed   c a t a l y s t   s t andp ipe   16.  

The  s e l e c t i v e   c a t a l y s t   of  th is   i nven t ion   with  or  wi thout   t h e  

metal  a d d i t i v e   is  charged  to  a  Reduced  Crude  Conversion  (RCC) 

type  unit   as  o u t l i n e d   in  Figure  1.  C a t a l y s t   p a r t i c l e   c i r c u l a -  

t ion  and  o p e r a t i n g   parameters   are  brought  up  to  process   c o n d i -  

t ions   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   c a t a l y s t   at  a  t empera tu re   of  1100-1400°F  c o n t a c t s  

the  reduced  crude  of  high  metals  and  Conradson  carbon  values  a t  

r i s e r   wye  17.  The  reduced  crude  can  con ta in   steam  and/or   f l u e  

gas  i n j ec t ed   at  po in t   2,  water  and/or   naphtha  i n j e c t e d   at  p o i n t  

3  to  aid  in  v a p o r i z a t i o n ,   c a t a l y s t   f l u i d i z a t i o n ,   and  c o n t r o l -  

l ing   con tac t   time  in  r i s e r   4.  The  c a t a l y s t   and  vaporous  h y d r o -  

carbons  t r a v e l   up  r i s e r   4  at  a  con tac t   time  of  0.5-5  s e c o n d s ,  

p r e f e r a b l y   1-2  seconds.   The  c a t a l y s t   and  vaporous  hyd roca rbons  

are  separa ted   in  vented  r i s e r   o u t l e t   6  at  a  f i n a l   r e c t i o n   tem- 

p e r a t u r e   of  950- l100°F.   The  vaporous  hydrocarbons   are  t r a n s -  

f e r red   to  cyclone  7  where  any  en t r a ined   c a t a l y s t   f ines   a r e  

s epa ra t ed   and  the  hydrocarbon  vapors  are  sent  to  the  f r a c t i o n a -  

tor  via  t r a n s f e r   l ine  8.  The  spent  c a t a l y s t   is  t h e n  



t r a n s f e r r e d   to  s t r i p p e r   10  for  removal  of  e n t r a i n e d   h y d r o c a r b o n  

vapors  and  then  to  r e g e n e r a t o r   vessel   11  to  form  dense  bed  12. 

An  oxygen  c o n t a i n i n g   gas  such  as  air   is  admit ted  to  the  bo t tom 

of  dense  bed  12  in  vesse l   11  to  combust  the  coke  to  ca rbon  

oxides .   The  r e s u l t i n g   f lue  gas  is  p rocessed   through  c y c l o n e s  

and  ex i t s   from  r e g e n e r a t o r   vesse l   11  via  l ine  13.  The  r e g e n -  

e ra ted   c a t a l y s t   is  t r a n s f e r r e d   to  s t r i p p e r   15  to  remove  any 

e n t r a i n e d   combustion  gases  and  then  t r a n s f e r r e d   to  r i s e r   wye  17 

via  l ine  16  to  r epea t   the  c y c l e .  

At  such  t i m e  t h a t   the  metal  level   on  the  c a t a l y s t   becomes 

i n t o l e r a b l y   high  such  tha t   c a t a l y s t   a c t i v i t y   and  s e l e c t i v i t y  

d e c l i n e s ,   a d d i t i o n a l   c a t a l y s t   can  be  added  and  the  d e a c t i v a t e d  

c a t a l y s t   withdrawn  at  a d d i t i o n - w i t h d r a w a l   poin t   18  into  dense  

bed  12  and  at  a d d i t i o n - w i t h d r a w a l   point   19  into  r e g e n e r a t e d  

c a t a l y s t   s t andp ipe   16.  Addi t ions   point   18  and  19  can  also  be 

u t i l i z e d   to  add  metal  a d d i t i v e   promoted  c a t a l y s t .   In  the  c a s e  

of  a  non-promoted  c a t a l y s t ,   the  metal  a d d i t i v e   as  an  aqueous  

s o l u t i o n   or  an  o r g a n o - m e t a l l i c   compound  in  aqueous  or  h y d r o c a r -  

bon  so lven t s   can  be  added  at  add i t i on   po in t s   18  and  19  as  w e l l  

as  at  add i t i on   po in t s   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,  a d d i t i o n   po in t   21  to  the  bottom  of  vesse l   5  i n t o  

dense  bed  9.  The  a d d i t i o n   of  the  metal  a d d i t i v e   is  not  l i m i t e d  

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  point   in  t h e  

reduced  c rude  -   c a t a l y s t   p rocess ing   c y c l e .  



The  r e g e n e r a t o r   vesse l ,   as  i l l u s t r a t e d   in  Figure  1,  is  a  s i m p l e  

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  th i s   example  but  can  e x i s t   of  two  or  more  zones,  s t a c k e d  

or  side  by  side  a r rangement ,   with  i n t e r n a l   and/or  e x t e r n a l   c i r -  

c u l a t i o n   t r a n s f e r   l i n e s  f r o m   zone  to  zone .  

In  some  of  the  p rev ious   reduced  crude  p r o c e s s e s ,   a c c e p t a b l e  

c a t a l y s t   l i f e   and  s e l e c t i v i t y   could  be  obtained  with  r educed  

crude  f e e d s t o c k s   con ta in ing   low  l eve l s   of  metal  c o n t a m i n a t i o n ,  

and  having  a  high  n ickel   to  vanadium  r a t i o s .   However,  as  t h e  

vanadium  con ten t   on  the  c a t a l y s t   inc reased   or  with  high  v a n a -  

dium  to  n i cke l   r a t i o   reduced  crude  c a t a l y s t   a c t i v i t y   and  s e l e c -  

t i v i t y   dec rease   r a p i d l y   and  can  only  be  co r r ec t ed   by  economi-  

ca l ly   u n a c c e p t a b l e   inc reased   c a t a l y s t   a d d i t i o n   r a t e s .   Having 

thus  de sc r i bed   the  observed  d e t r i m e n t a l   e f f e c t s   of  vanadium  and 

n icke l ,   the  c a t a l y s t ,   metal  a d d i t i v e   promoters  and  process   o f  

this   i n v e n t i o n ,   the  fo l lowing   examples  are  provided  to  i l l u -  

s t r a t e   the  e f f e c t   of  vanadia  f lowing  and  causing  c a t a l y s t   d e a c -  

t i v a t i o n   through  d e s t r u c t i o n   of  the  z e o l i t e ' s   c r y s t a l l i n e  

s t r u c t u r e   and  s teps   taken  to  p reven t   i t s   o c c u r e n c e .  



EXAMPLES 

The  d e t e r m i n a t i o n   that   vanadia  depos i ted   on  a  f l u i d   c a t a l y t i c  

c r ack ing   c a t a l y s t   would,  under  the  c o n d i t i o n s   of  e l eva t ed   tem-  

p e r a t u r e s   in  the  r e g e n e r a t o r   zone,  en ter   the  z e o l i t e   and 

c a t a l y z e   the  d e s t r u c t i o n   of  i ts   c r y s t a l l i n e   s t r u c t u r e   to  t h e  

less   ac t ive   amorphous  m a t e r i a l ,   with  subsequent   low  a c t i v i t y  

and  s e l e c t i v i t y ,   was  noted  in  our  reduced  crude  d e m o n s t r a t i o n  

u n i t .  

This  phenomenum  was  then  eva lua t ed   in  the  l a b o r a t o r y   by  d e p o s -  

i t i n g   vanadium  and  n i cke l ,   s ingly   on  a  s p e c i a l l y   chosen  c a n a d i -  

date  c a t a l y s t   to  study  i t s   r e s i s t a n c e   to  severe   thermal   and 

s teaming  c o n d i t i o n s .   As  noted  in  Figure  2  through  5,  and 

Tables   1  and  2,  the  o v e r a l l   e f f e c t   of  n icke l   is  to  n e u t r a l i z e  

acid  s i t e s ,   and  increase   coke  and  gas  p r o d u c t i o n   but  l i t t l e   o r  

no  d e s t r u c t i o n   of  the  z e o l i t e   c r y s t a l l i n e   cage  s t r u c t u r e   was 

observed .   Vanadium  on  the  o ther   hand,  was  i r r e v e r s i b l y   d e s t r u c -  

t i v e .   At  s u i t a b l y   severe  c o n d i t i o n s ,   as  the  vanadia  c o n t e n t  

was  i n c r e a s e d ,   z e o l i t e   conten t   decreased  p r o p o r t i o n a l l y   to  t h e  

po in t   tha t   at  approximate ly   the  1  wt%  vanadium  l eve l   the  z e o -  

l i t e   c r y s t a l l i n e   s t r u c t u r e   was  completely  de s t royed   a f t e r   5 

hours  at  1450°F  in  s t e a m  l e a d i n g   to  a  comple te ly   d e a c t i v a t e d  

c a t a l y s t .  

The  d e t e r m i n a t i o n   that   vanadia  depos i ted   on  a  c a t a l y s t   would 

flow  and  cause  coa lescence   between  c a t a l y s t   p a r t i c l e s   at  r e g e n -  

e r a t o r   t empera tu res ,   and  what  elements  and  t h e i r   s a l t s   would 



preven t   th i s   processs   were  s tud ied   by  three  methods;  namely,  

the  clumping  or  lump  format ion   t echn ique ,   vanadia   d i f f u s i o n  

from  or  compound  format ion  with  a  metal  a d d i t i v e   in  a  a l u m i n a -  

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 t u d i e s   and  d i f f e r -  

e n t i a l   thermal   ana lyses   of  v a n a d i a - m e t a l   a d d i t i v e   m i x t u r e s .  

CLUMPING  TEST 

A  c lay ,   spray  dried  to  y i e ld   m i c r o s p h e r i c a l   p a r t i c l e s   in  20-150 

micron  s i ze ,   had  vanadia  d e p o s i t e d   upon  it   in  varying  c o n c e n -  

t r a t i o n s .   The  clay,   free  of  vanadia ,   and  those  c o n t a i n i n g  

vary ing   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 a l  

ceramic   c r u c i b l e s   and  c a l c i n e d   at  1400°F  in  a i r   for  two  h o u r s .  

At  the  end  of  th is   t ime_per iod   the  c r u c i b l e s   were  w i t h d r a w n  

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

s u r f a c e   t ex tu re   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  r epo r t ed   in  Table  3.  

As  shown  in  Table  3,  the  clay  free  of  vanadia  does  not  form  any 

c r u s t   or  clumps  or  fused  p a r t i c l e s   at  t empe ra tu r e s   e n c o u n t e r e d  

in  the  r e g e n e r a t o r   s ec t i on   of  the  process   de sc r i bed   in  t h i s  



i nven t ion .   At  vanadia  c o n c e n t r a t i o n s   above  5,000  ppm  the  c l a y  

begins  to  clump  and  bind  badly  and  does  not  flow  at  a l l .  

While  l iqu id   at  ope ra t ing   t e m p e r a t u r e ,   m a n i f e s t a t i o n   of  t h i s  

phenomenum  is  demonstra ted  by  the  f ind ing   tha t   s o l i d i f i c a t i o n  

po in t   in  a  c r u c i b l e ,   or  the  o p e r a t i n g   uni t   is  cooled  down  in  

order  to  f a c i l i t a t e   entrance  to  the  unit   for  c leaning   o u t  

plugged  d ip legs   and  other   r e p a i r s .   This  phenomenum  also  makes 

a  t u rn -a round   t imely  and  complex,  as  th is   m a t e r i a l   must  be 

chipped  o u t .  



CRUCIBLE  DIFFUSION -  COMPOUND  FORMATION 

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

alumina  c r u c i b l e   to  determine  whether  vanadia   reac t   with  g i v e n  

metal  a d d i t i v e . I f   vanadia  does  not  r e a c t   with  the  metal  a d d i -  

t ive  or  only  a  small  amount  of  compound  format ion   occurs,   t h e n  

the  vanadia  has  been  observed  to  d i f f u s e   through  and  over  t h e  

porous  alumina  walls   and  depos i t   as  a  y e l l o w i s h   to  o r ange  

depos i t   on  the  ou t s ide   wall  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  d e p o s i t s   on  the  ou ts ide   of  the  c r u c i b l e   wall .   Two  s e r -  

ies  of  t e s t s   were  performed.   In  the  f i r s t   s e r i e s   shown  in  T a b l e  

4,  a  1/1  mixture   by  weight  of  vanadia  pen tox ide   and  the  m e t a l  

a d d i t i v e   was  placed  in  the  c r u c i b l e   and  heated  to  1500°F  in  a i r  

for  12  hours.   Compound  format ion  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  c o n t a i n i n g   m a t e r i a l   was 

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

the  vanadia  c o n t a i n i n g   m a t e r i a l   and  the  metal  a d d i t i v e   were 

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

Table  5. 

The  study  of  the  c a p a b i l i t y   of  c e r t a i n   e lements   to  immob i l i ze  

vanadium  pen tox ide   was  extended  to  DuPont  d i f f e r e n t i a l   t h e r m a l  

analyses   (DTA),  X-ray  d i f f r a c t i o n   (XRD)  and  scanning  e l e c t r o n  

microscope  (SEM)  i n s t r u m e n t s .   The  metal  a d d i t i v e s   s tud ied   on 

the  DTA  showed  tha t   t i t a n i a ,   barium  oxide,   calcium  oxide,   i r o n  

oxide  and  indium  oxide  a l l   were  e x c e l l e n t   a d d i t i v e s   for  t h e  

format ion  of  high  mel t ing   metal  vanada tes ,   with  melting  p o i n t s  

of  1800°F  or  h igher .   Copper  and  manganese  gave  i n t e r m e d i a t e  

r e s u l t s   with  compounds  mel t ing  at  approx imate ly   1500°F.  Poor 

r e s u l t s   were  ob ta ined   with  m a t e r i a l s   such  as  lead  o x i d e ,  

molybdena,  tin  oxide,   chromia,  zinc  oxide,   coba l t   oxide,  c a d i -  

mium  oxide  and  some  of  the  rare  e a r t h s .  



The  m a t e r i a l   r epor ted   and  produced  in  Table  5,  namely  24,000 

ppm  vanadia  on  clay  with  no  metal  a d d i t i v e ,   was  f i r ed   at  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  the  mate r ia l   was 

con t inuous ly   bombarded,  the  fused  p a r t i c l e s   s e p a r a t e d   due  t o  

the  heat  gene ra t ed  by   the  bombarding  e l e c t r o n s .   One  was  a b l e  

to  not ice   the  mel t ing  and  f lowing  of  vanadia  with  the  i n i t i a l  

s ing le   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 -  

ica 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  a c e t a t e   r eac t ed   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  matrix  ma te r i a l   for  the  c a t a l y s t   of  th i s   i nven t ion   shou ld  

possess   good  hyd ro - the rma l   s t a b i l i t y .   Examples  of  m a t e r i a l s  

e x h i b i t i n g   r e l a t i v e l y   s t a b l e   pore  c h a r a c t e r i s t i c s   are  a lumina ,  

s i l i c a - a l u m i n a ,   s i l i c a ,   c lays  such  as  k a o l i n ,   m e t a - k a o l i n ,   h a l -  

l o y s i t e ,   anaux i te ,   d i c k i t e   and/or   mac r i t e ,   and  combinat ions   o f  

these  m a t e r i a l s .   Other  c l ays ,   such  as  m o n t m o r i l l o n i t e ,   may  be 

added  to  increase   the  a c i d i t y   of  the  mat r ix .   Clay  may  be  used 

in  n a t u r a l   s t a t e   or  t he rma l ly   modif ied .   The  p r e f e r r e d   m a t r i x  

of  U.  S.  Patent   No.  3 ,034,994  is  a  s e m i s y n t h e t i c   combination  o f  

clay  and  s i l i c a - a l u m i n a .   P r e f e r a b l y   the  clay  is  mostly  a  kao -  

l i n i t e   and  is  combined  with  a  s y n t h e t i c   s i l i c a - a l u m i n a   hydroge l  

or  hydrosol .   This  s y n t h e t i c   component  forms  p r e f e r a b l y   abou t  

15  to  75  pe rcen t ,   more  p r e f e r a b l y   about .20  to  25  pe rcen t ,   of  



the  formed  c a t a l y s t   by  weight.   The  p r o p o r t i o n   of  clay  is  such 

that  the  c a t a l y s t   p r e f e r a b l y   con ta ins   a f t e r   forming,  about  10 

to  75  p e r c e n t ,   more  p r e f e r a b l y   about  30  to  50  pe rcen t ,   clay  by 

weight .   The  most  p r e f e r r e d   compos i t ion   of  the  matrix  c o n t a i n s  

approx imate ly   twice  as  much  clay  as  s y n t h e t i c a l l y   d e r i v e d  

s i l i c a - a l u m i n a .   The  s y n t h e t i c a l l y   der ived   s i l i c a - a l u m i n a  

should  con ta in   55  to  95  percent   by  weight  of  s i l i c a   ( S i 0 2 ) ,  

p r e f e r a b l y   65  to  85  pe rcen t ,   most  p r e f e r a b l y   about  75  p e r c e n t .  

Although  c a t a l y s t s   wherein  the  gel  matr ix  c o n s i s t s   e n t i r e l y   o f  

s i l i c a   gel  are  also  to  be  inc luded .   After   i n t r o d u c t i o n   of  t h e  

z e o l i t e   and/or   metal  a d d i t i v e ,   the  composi t ion   is  p r e f e r a b l y  

s l u r r i e d   and  spray  dried  to  form  c a t a l y s t   mic rosphe res .   The 

p a r t i c l e   s ize  of  the  spray  dried  matr ix  is  g e n e r a l l y   in  t h e  

range  of  about  5  to  160  microns,   p r e f e r a b l y   40  to  80  m i c r o n s .  

Genera l ly   speaking,   the  f i n i s h e d   c a t a l y s t   wi l l   also  c o n t a i n  

from  5  to  50%  by  weight  of  rare  ea r th   or  ammonia  exchanged 

sieve  of  both  X  or  Y  v a r i e t y ,   p r e f e r a b l y   about  15-45%  by  w e i g h t  

and  most  p r e f e r a b l y   20-40%  by  weight .   To  f u r t h e r   enhance  t h e  

c a t a l y s t ,   rare  ear th   exchanged  s ieve  may  be  ca lc ined   and  f u r -  

ther  exchanged  with  rare  ear th  or  ammonia  to  c rea te   an  e x c e p -  

t i o n a l l y   s t ab l e   s i e v e .  

Various  p rocesses   may  be  used  in  p r e p a r i n g   the  s y n t h e t i c a l l y  

s i l i c a - a l u m i n a ,   such  as  those  d e s c r i b e d   in  U.  S.  Patent   No. 

3 ,034,994.   One  of  these  p rocesses   involves   ge l l i ng   an  a l k a l i  

metal  s i l i c a t e   with  an  inorgan ic   acid  while  main ta in ing   the  pH 



on  the  a l k a l i n e   s ide .   An  aqueous  s o l u t i o n   of  an  ac id ic   a l u m i -  

num  s a l t   is  then  i n t i m a t e l y   mixed  with  the  s i l i c a   hydrogel  so 

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

pores.  The  aluminum  is  t h e r e a f t e r   p r e c i p i t a t e d   as  a  hyd rous  

alumina  by  the  a d d i t i o n   of  an  a l k a l i n e   compound. 

As  a  s p e c i f i c   example  of  th is   method  of  p r e p a r a t i o n ,   a  s i l i c a  

hydrogel  is  p repared   by  adding  s u l f u r i c   acid  with  vigorous  a g i -  

t a t i o n   and  c o n t r o l l e d   t empera tu re   time  and  c o n c e n t r a t i o n   c o n d i -  

t ions  to  a  sodium  s i l i c a t e   s o l u t i o n .   Aluminum  s u l f a t e   in  w a t e r  

is  then  added  to  the  s i l i c a   hydrogel   with  vigorous  a g i t a t i o n   t o  

f i l l   the  gel  pores  with  the  aluminum  s a l t   s o l u t i o n .   An  ammoni- 

um  s o l u t i o n   is  then  added  to  the  gel  with  vigorous  a g i t a t i o n   t o  

p r e c i p i t a t e   the  aluminum  as  hydrous  alumina  in  the  pores  of  t h e  

s i l i c a   hydroge l ,   a f t e r   which  the  hydrous  gel  is  p rocessed ,   f o r  

i n s t ance ,   by  s e p a r a t i n g   a  pa r t   of  the  water  on  vacuum  f i l t e r s  

and  then  d ry ing ,   or  more  p r e f e r a b l y ,   by  spray  drying  t h e  

hydrous  gel  to  produce  mic rospheres .   The  dried  product  is  t h e n  

washed  to  remove  sodium  and  s u l f a t e   ions,   e i t h e r   with  water  o r  

a  very  weak  acid  s o l u t i o n .   The  r e s u l t i n g   product   is  then  d r i e d  

to  a  low  mois tu re   con ten t ,   usua l ly   less   than  25  percent   by 

weight,  e . g . ,   10  p e r c e n t   to  20  pe rcen t   by  weight,   to  p r o v i d e  

the  f i n i s h e d   c a t a l y s t   p r o d u c t .  

The  s i l i c a   hydrogel   s l u r ry   with  or  wi thout   alumina  in  hydrous  

form  may  be  f i l t e r e d   and  washed  in  gel  form  to  a f f e c t   p u r i f i c a -  

tion  of  the  gel  by  the  removal  of  d i s s o l v e d   s a l t s .  



This  may  enhance  the  format ion  of  a  con t inous   phase  in  t he  

spray  dried  m i c r o s p h e r i c   p a r t i c l e s .   If  the  s l u r r y   is  p r e f i l -  

tered  and  washed  and  it  is  des i red   to  spray  dry  the  f i l t e r  

cake,  the  l a t t e r   may  be  r e s l u r r i e d   with  enough  water  to  p roduce  

a  pumpable  mixure  for  spray  drying.   The  spray  dried  p r o d u c t  

may  then  be  washed  again  and  given  a  f i n a l   drying  in  the  manner 

p r e v i o u s l y   d e s c r i b e d .  

The  metal  a d d i t i v e s   to  immobilize  vanadia  i nc ludes   the  m e t a l s ,  

t he i r   oxides  and  s a l t s ,   or  o r g a n o - m e t a l l i c   compounds  of  such 

metals  as  Mg,  Ca,  Sr,  Ba,  Sc,  Y,  La,  Ti,  Zr,  Hf,  Nb,  Ta,  Mn, 

Fe,  In,  Tl,  Bi,  Te,  the  rare  ea ths ,   and  the  a c t i n i d e   and 

Lanthanide  s e r i e s   of  e lements .   These  p romoters   or  metal  a d d i -  

t ives   in  the  metal  element  s t a t e ,   may  be  used  in  c o n c e n t r a t i o n  

ranges  from  about  0.5  to  20  pe rcen t ,   more  p r e f e r a b l y   about  1  t o  

5  pe rcen t   by  weight  of  f i n i s h e d   c a t a l y s t .  

The  c a t a l y t i c a l l y   ac t ive   promoter  in  the  p r e f e r r e d   c a t a l y s t  

composi t ion  is  a  c r y s t a l l i n e   a l u m i n o s i l i c a t e   z e o l i t e ,   commonly 

known  as  molecular   s i eves .   Molecular  s i eves   are  i n i t i a l l y  

formed  as  a l k a l i   metal  a l u m i n o s i l i c a t e s ,   which  are  d e h y d r a t e d  

forms  of  c r y s t a l l i n e   hydrous  s i l i c e o u s   z e o l i t e s .   However, 

since  the  a l k a l i   form  does  not  have  a p p r e c i a b l e   a c t i v i t y   and 

a l k a l i   metal  ions  are  d e l e t e r i o u s   to  c rack ing   p roces se s ,   t he  

a l u m i n o s i l i c a t e s   are  ion  exchanged  to  r ep l ace   sodium  with  some 

other   ion  such  as,  for  example,  ammonium  and/or   rare  e a r t h  

metal  ions.  The  s i l i c a   and  alumina  making  up  the  s t r u c t u r e   of  

the  z e o l i t e   are  a r ranged  in  a  d e f i n i t e   c r y s t a l l i n e   p a t t e r n  



c o n t a i n i n g   a  large  number  of  small  uniform  c a v i t i e s   i n t e r c o n -  

nected  by  smal le r   uniform  channels   or  pores.   The  e f f e c t i v e  

size  of  these  pores  is  u sua l ly   between  about  4A  and  12A. 

The  z e o l i t e s   which  can  be  employed  in  accordance  with  t h i s  

i nven t ion   include  both  n a t u r a l   and  s y n t h e t i c   z e o l i t e s .   The 

n a t u r a l   o c c u r r i n g   z e o l i t e s   inc lude  g m e l i n i t e ,   c l i n o p t i l o l i t e ,  

c h a b a z i t e ,   d e c h i a r d i t e ,   f a u j a s i t e ,   h e u l a n d i t e ,   e r i o n i t e ,   a n a l -  

c i t e ,   l e v y n i t e ,   s o d a l i t e ,   c a n c r i n i t e ,   nephe l ine ,   l c y u r i t e ,  

s c o l i c i t e ,   n a t r o l i t e ,   o f f e r t i t e ,   m e s o l i t e ,   mordeni te ,   b r e w s t e r -  

i t e ,   f e r r i e r i t e ,   and  the  l ike .   S u i t a b l e   s y n t h e t i c   z e o l i t e s  

include  z e o l i t e s   Y,  A,  L,  ZK-4B,  B,  E,  F,  H,  J,  M,  Q,  T,  W,  X, 

Z,  ZSM-types,  alpha,   beta  and  omega.  The  term  " z e o l i t e s "   as  

used  he re in   con templa tes   not  only  a l u m i n o s i l i c a t e s   but  s u b -  

s t ances   in  which  the  aluminum  is  r ep l aced   by  gal l ium  and  s u b -  

s t ances   in  which  the  s i l i c o n   is  r ep l aced   by  germanium  and  a l s o  

the  so  c a l l e d   p i l l a r e d   clays  more  r e c e n t l y   i n t r o d u c e d .  

The  z e o l i t e   m a t e r i a l s   u t i l i z e d   in  the  p r e f e r r e d   embodiments  o f  

this   i n v e n t i o n   are  s y n t h e t i c   f a u j a s i t e s   which  possess   s i l i c a   t o  

alumina  r a t i o s   inthe  range  from  about  2.5  to  7.0,  p r e f e r a b l y  

3.0  to  6.0  and  most  p r e f e r a b l y   4.5  to  6.0/   Syn the t i c   f a u j a -  

s i t e s   are  widely  known  c r y s t a l l i n e   a l u m i n o s i l i c a t e   z e o l i t e s   and 

common  examples  of  s y n t h e t i c   f a u j a s i t e s   are  the  X  and  Y  t y p e s  

commerc ia l ly   a v a i l a b l e   from  the  Davison  Divis ion  W.  R.  Grace 

and  Company  and  the  Linde  Div i s ion   of  Union  Carbon  C o r p o r a t i o n .  

The  u l t r a s t a b l e   hydrogen  exchanged  z e o l i t e s ,   such  as  Z-14XS  and 

Z-14US  from  Davison,  are  also  p a r t i c u l a r l y   s u i t a b l e .   In  a d d i -  

t ion  to  f a u j a s i t e s ,   o ther   p r e f e r r e d   types  of  z e o l i t i c   m a t e r i a l s  



are  mordeni te   and  e r i o n i t e .  

The  p r e f e r r e d   s y n t h e t i c   f a u j a s i t e   is  z e o l i t e   Y  which  may  be 

prepared   as  desc r ibed   in  U.  S.  Pa tent   No.  3,130,007  and  U.  S.  

Patent   No.  4 ,010 ,116 ,   which  p a t e n t s   are  i nco rpo ra t ed   hereby  by 

r e f e r e n c e .   The  a l u m i n o s i l i c a t e s   of  this   l a t t e r   pa ten t   have  

high  s i l i c a   (Si02)  to  alumina  (A1203)  molar  r a t i o s ,   p r e f e r a b l y  

above  4,  to  give  high  thermal  s t a b i l i t y .  

The  fo l lowing   is  an  example  of  a  z e o l i t e   produced  by  the  s i l i -  

ca t ion   of  c lay.   A  r e a c t i o n   compos i t ion   is  produced  from  a  mix-  

ture  of  sodium  s i l i c a t e ,   sodium  hydroxide ,   and  sodium  c h l o r i d e  

formula ted   to  conta in   5.27  mole  pe rcen t   Si02,  3.5  mole  p e r c e n t  

Na20,  1.7  mole  percent   c h l o r i d e   and  the  balance  water.   1 2 . 6  

pa r t s   of  this   s o l u t i o n   are  mixed  with  1  part   by  weight  of  c a l -  

cined  kao l in   clay.   The  r e a c t i o n   mixture  is  held  at  about  60°F 

to  75°F  for  a  per iod  of  about  four  days.  After  this   low  tem-  

p e r a t u r e   d i g e s t i o n   s tep,   the  mixture   is  heated  with  l ive  s t e a m  

to  about  190°F  un t i l   c r y s t a l l i z a t i o n   of  the  ma te r i a l   is  com- 

p l e t e ,   for  example,  about  72  hours .   The  c r y s t a l l i n e   m a t e r i a l  

is  f i l t e r e d   and  washed  to  give  a  s i l i c a t e d   clay  z e o l i t e   h a v i n g  

a  s i l i c a   to  alumina  r a t i o   of  about  4.3  and  con ta in ing   a b o u t  

about  13.5  percent   by  weight  of  Na20  on  a  v o l a t i l e   free  b a s i s .  

V a r i a t i o n   of  the  components  and  of  the  times  and  t e m p e r a t u r e s ,  

as  is  usual  in  commercial  o p e r a t i o n s ,   wil l   produce  z e o l i t e   h a v -  

ing  s i l i c a   to  alumina  mole  r a t i o s   varying  from  about  4  to  a b o u t  

5.  Mole  r a t i o s   above  5  may  be  ob ta ined   by  i nc rea s ing   t h e  

amount  of  Si02  in  the  r e a c t i o n   mixutre .   The  sodium  form  of  t h e  

z e o l i t e   is  then  exchanged  with  p o l y v a l e n t   ca t ions   to  r e d u c e  



the  Na20  conten t   to  less   than  about  5  pe rcen t   by  weight,   and 

p r e f e r a b l y   less  than  1.0  percent   by  weight .   Procedures   f o r  

removing  a l k a l i   metals   and  pu t t i ng   the  z e o l i t e   in  the  p r o p e r  

form  are  well-known  in  the  ar t   as  de sc r ibed   in  U.  S.  P a t e n t  

Nos.  3 ,293,192;   3 ,402 ,996 ;   3 ,446,727;   3 ,449 ,070 ;   and  3 , 5 3 7 , 8 1 6 ;  

which  pa ten ts   are  i n c o r p o r a t e d   her in   by  r e f e r e n c e .  

The  z e o l i t e s   and/or   the  metal  a d d i t i v e   can  be  s u i t a b l y  

d i s p e r s e d   in  matr ix   m a t e r i a l s   for  use  as  c rack ing   c a t a l y s t s   by 

methods  well-known  in  the  a r t ,   such  as  those  d i s c l o s e d ,   f o r  

example,  in  U.  S.  Pa t en t   Nos.  3,140,249  and  3,140,253  to  P l a n k ,  

et  a l . ;   U.  S.  Pa t en t   No.  3,660,274  to  Blazek,   et  a l . ;   U.  S. 

Pa tent   No.  4 ,010,116  to  Secor,  et  a l . ;   U.  S.  Pa tent   No: 

3,944,482  to  M i t c h e l l ,   et  a l . ;   and  U.  S.  Pa ten t   No.  4 , 0 7 9 , 0 1 9  

to  Scherzer ,   et  a l . ;   which  pa ten t s   are  i n c o r p o r a t e d   here in   by 

r e f e r e n c e .  

The  amount  of  z e o l i t i c   m a t e r i a l   d i spe r sed   in  the  matrix  based  

on  the  f i na l   f i r e d   p roduc t   should  be  at  l e a s t   about  10  w e i g h t  

p e r c e n t ,   p r e f e r a b l y   in  the  range  of  about  25  to  50  weight  p e r -  

cent ,   most  p r e f e r a b l y   about  35  to  45  weight  p e r c e n t .  

C r y s t a l l i n e   a l u m i n o s i l i c a t e   z e o l i t e s   e x h i b i t   a c id i c   s i t e s   on 

both  i n t e r i o r   and  e x t e r i o r   surface   with  the  l a r g e s t   p r o p o r t i o n  

to  t o t a l   su r face   area  and  cracking  s i t e s   being  i n t e r n a l   to  t h e  

p a r t i c l e s   wi th in   the  c r y s t a l l i n e   micropores .   These  z e o l i t e s  

are  usual ly   c r y s t a l l i z e d   as  r e g u l a r l y   shaped,  d i s c r e e t   p a r t i -  

cles  of  approx imte ly   0.1  to  10  microns  in  s ize   and,  a c c o r d i n g -  

ly,  this   is  the  s ize   range  normally  provided  by  commercial  



c a t a l y s t   s u p p l i e r s .   To  increase   e x t e r i o r   ( p o r t a l )   s u r f a c e  

area,  the  p a r t i c l e   size  of  the  z e o l i t e s   for  the  p resen t   i n v e n -  

tion  should  p r e f e r a b l y   be  in  the  range  of  less  than  0.1  to  1 

micron  and  more  p r e f e r a b l y   in  the  range  of  less  than  0 .1  

micron.  The  p r e f e r r e d   z e o l i t e s   are  t he rma l ly   s t a b i l i z e d   w i t h  

hydrogen  and/or   rare  earth  ions  and  are  steam  s t ab l e   to  a b o u t  

1 , 6 5 0 ° F .  

An  example  of  the  e f f e c t i v e n e s s   of  the  metals   of  this   i n v e n t i o n  

to  immobilize  vanadium  and  reduce  i ts   d e s t r u c t i v e n e s s   towards  

the  c r y s t a l l i n i t y   of  the  z e o l i t e   s t r u c t u r e   is  shown  in  Table  6. 

A  s tandard   FCC  c a t a l y s t   was  steamed  with  and  wi thout   v a n a d i a ,  

as  shown  in  Run  1  and  2.  The  presence  of  vanadium  reduces  t h e  

z e o l i t e   con ten t   from  an  i n t e n s i t y   of  9.4  down  to  3.1.  Runs  3 

and  4  i l l u s t r a t e   the  e f f e c t i v e n e s s   of  t i t a n i a   and  the  need  f o r  

the  t i t a n i a   to  be  p resen t   as  the  vanadia  is  being  depos i t ed   on 

the  c a t a l y s t .   As  shown  in  runs  4,  the  t i t a n i u m   and  vanadium 

are  depos i t ed   as  o r g a n o - m e t a l l i c s ,   ox id ized   to  remove  th  h y d r o -  

carbon  po r t i on   of  the  o r g a n o - m e t a l l i c   compound  and  oxidize   t h e  

elements  to  t h e i r   cor responding   oxides .   This  is  then  f o l l o w e d  

by ' s t eaming   at  1450°F -   5  hrs.  During  the  o x i d a t i o n   and  s t e a m -  

ing,  the  t i t a n i u m   is  p resen t   in  at  l e a s t   a  one  to  one  r a t i o   f o r  

the  format ion  of  t i t an ium  vanadate  which  is  a  high  m e l t i n g  

sol id   (see  Table  A) .  





1)  A  process  for  the  convers ion   of  reduced  crude  or  crude  o i l  

to  l i qu id   t r a n s p o r t a t i o n   and  l igh t   heat ing  oi l   fue l s   hav ing  

a  s u b s t a n t i a l   metal  and  Conradson  carbon  con ten t ,   t h e  

improvement  of  which  comprises  con tac t ing   said  f e e d s t o c k  

with  a  metal  a d d i t i v e   promoted  c a t a l y s t   to  immobilze  v a n a d -  

ium  compounds,  having  a  c a t a l y t i c   cracking  m i c r o - a c i t i v t y  

value  of  at  l e a s t   50,  p r e f e r a b l y   above  60,  at  e l eva t ed   tem- 

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   zone  fol lowed  by 

rapid  s e p a r a t i o n   of  the  gaseous  products  and  spent  c a t a l -  

ys t ,   s u b j e c t i n g   said  spent  c a t a l y s t   to  r e g e n e r a t i o n   in  t h e  

presence  of  an  oxygen  c o n t a i n i n g   gas,  with  r ecyc le   of  t h e  

r egene ra t ed   c a t a l y s t   to  the  r i s e r   t r a n s f e r   zone  for  c o n v e r -  

sion  of  fresh  reduced  crude  or  crude  o i l .  

2)  The  process   of  Claim  1  wherein  the  reduced  crude  or  c rude  

oil   conta ins   200  ppm  or  less  of  metals  c o n s i s t i n g   of  n i c -  

kel,   vanadium,  iron  and  copper  and  the  Conradson  ca rbon  

value  is  10  wt%  or  l e s s .  

3)  The  process   of  Claim  1  wherein  said  c a t a l y s t   c o n s i s t s   o f  
10-40  wt%  of  a  c r y s t a l l i n e   a l u m i n o - s i l i c a t e   z e o l i t e   d i s -  

persed  in  an  amorphous  i ne r t   so l id   oxide  matrix  c o n t a i n i n g  
a  metal  a d d i t i v e   to  immobil ize  vanadium  compounds. 



4)  The  process   of  Claim  1  wherein  the  metal  a d d i t i v e   is  a 

water  so lub le   i no rgan ic   metal  s a l t   or  a  hydrocarbon  s o l u b l e  

o r g a n o - m e t a l l i c   compound. 

5)  The  process   of  Claim  1  wherein  the  metal  a d d i t i v e   to  immo- 

b i l i z e   vanadium  compounds  depos i t ed   on  the  c a t a l y s t   w i l l  

include  the  fo l lowing  e lements :   Mg,  Ca,  Sr,  Ba,  Sc,  Y, 

La,  Ti,  Zr,  Hf,  Nb,  Ta,  Mn,  Fe,  In,  Tl,  Bi,  Te,  the  l a n -  

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

6)  The  p rocess   of  Claim  1  wherein  the  metal  a d d i t i v e   can  r e a c t  

with  vanadium  compounds  to  form  binary  metal  vanadates   and 

t he i r   mixtures   to  form  t e rna ry   and  q u a t e r n a r y   compounds  o r  

complexes .  

7)  The  p rocess   of  Claim  1  wherein  the  metal  a d d i t i v e   i s  

p r e s e n t   in  the  c a t a l y s t   in  about  1-20  wt%,  p r e f e r a b l y   1-6 

wt%  of  f i n i s h e d   c a t a l y s t .  

8)  The  process   of  Claiu.  1  wherein  the  water  so lub le   me ta l  

a d d i t i v e   is  a  s a l t   c o n s i s t i n g   of  the  h a l i d e s ,   n i t r a t e s ,  

s u l f a t e s ,   s u l f i t e s ,   c a r b o n a t e s .  



9)  The  process   of  Claim  1  wherein  the  hydrocarbon  s o l u b l e  

metal  a d d i t i v e s   are  a l c o h o l a t e s ,   e s t e r s ,   p h e n o l a t e s ,  

n a p h t h e n a t e s ,   c a r b o x y l a t e s ,   d ienyl   sandwich  compounds. 

10)  The  process   of  Claim  1  wherein  the  metal  add i t i ve   to  immo- 

b i l i z e   vanadium  compounds  is  t e t r a i s o p r o p y l   t i t a n a t e .  

11)  The  process   of  Claim  1  wherein  the  metal  add i t i ve   to  immo- 

b i l i z e   vanadium  compounds  is  t i t an ium  t e t r a c h l o r i d e .  
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