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©  Simultaneous  catalytic  hydrocracking  and  hydrodewaxing  of  hydrocarbon  oils  with  zeolite  beta. 

Heavy  oils  are  simultaneously  subjected  to  hydrocrack- 
ing  and  dewaxing  using  a  catalyst  based  on  zeolite  beta 
together  with  a  hydrogenation  component;  the  process  is 
able  to  effect  a  bulk  conversion  of  the  oil  while,  at  the  same 
time,  yielding  a  low  pour  point  product. 



This  i n v e n t i o n   r e l a t e s   to  a  p roces s   for  c a t a l y t i c a l l y  

h y d r o c r a c k i n g   and  hydrodewaxing  hydrocarbon   charge  s tocks   to  p r o d u c e  

low  pour  po in t   d i s t i l l a t e s   and  heavy  fue l   o i l s   of  reduced  v i s c o s i t y .  

C a t a l y t i c   dewaxing  of  hydrocarbon   o i l s   to  reduce  t h e  

t e m p e r a t u r e   at  which  s e p a r a t i o n   of  waxy  hydrocarbons   occurs  is  @- 

known  p r o c e s s .   A  process   of  tha t   n a tu r e   is  d e sc r i bed   in  The  Oil  and 

Gas  Jou rna l   dated  January  6,  1975,  at  pages  69-73.  Also,  U.S .  

Pa t en t   3 ,668 ,113   and  U.S.  Pa tent   3 ,894 ,938   d e s c r i b e   dewaxing 

fo l lowed  by  h y d r o f i n i s h i n g .  

Reissue  Pa ten t   No.  28,398  d e s c r i b e s   a  process   for  c a t a l y t i c  

dewaxing  with  a  c a t a l y s t   compris ing  a  z e o l i t e   of  the  ZSM-5  type.   A 

h y d r o g e n a t i o n / d e h y d r o g e n a t i o n   component  may  be  p r e s e n t .  

A  p rocess   for  hydrodewaxing  a  gas  o i l   with  a  ZSM-5  t y p e  

c a t a l y s t   is  d e s c r i b e d   in  U.S.  Pa ten t   3 , 9 5 6 , 1 0 2 .  

A  mordeni te   c a t a l y s t   c o n t a i n i n g   a  Group  VI  or  a  Group  V I I I  

metal   is  used  to  dewax  a  low  V.I.  d i s t i l l a t e   from  a  waxy  crude,   a s  

d e s c r i b e d   in  U.S.  Patent   4 , 1 1 0 , 0 5 6 .  

U.S.  Pa tent   3 ,755,138  d e s c r i b e s   a  p rocess   for  mild  s o l v e n t  

dewaxing  to  remove  high  q u a l i t y   wax  from  a  lube  s tock ,   which  is  t h e n  

c a t a l y t i c a l l y   dewaxed  to  s p e c i f i c a t i o n   pour  p o i n t .  

U.S.  Patent   3 ,923,641  d e s c r i b e s   a  p rocess   for  h y d r o c r a c k i n g  

napthas   using  z e o l i t e   beta  as  a  c a t a l y s t .  

Hydrocracking  is  a  well  known  p rocess   and  var ious   z e o l i t e  

c a t a l y s t s   have  been  employed  in  h y d r o c r a c k i n g   p rocesses   but  a l t h o u g h  

they  may  be  e f f e c t i v e   in  p rov id ing   d i s t i l l a t e   y i e lds   having  one  o r  

more  p r o p e r t i e s   c o n s i s t e n t   with  the  i n t ended   use  of  the  d i s t i l l a t e ,  

these   c a t a l y s t s   have,  in  gene ra l ,   s u f f e r e d   the  d i sadvan tage   of  n o t  



p r o v i d i n g   p roduc t   y i e l d s   having  good  low  t e m p e r a t u r e   f l u i d i t y  

c h a r a c t e r i s t i c s ,   e s p e c i a l l y   reduced  pour  po in t   and  v i s c o s i t y .   The 

c a t a l y s t s   used  for  h y d r o c r a c k i n g   comprise  an  acid   component  and  a  

h y d r o g e n a t i o n   component.   The  h y d r o g e n a t i o n   component  may  be  a  n o b l e  

metal   such  as  p la t inum  or  pa l l ad ium  or  a  non-nob le   metal   such  a s  

n i c k e l ,   molybdenum  or  t u n g s t e n   or  a  combina t ion   of  these   m e t a l s .  

The  a c i d i c   c r ack ing   component  may  be  an  amorphous  m a t e r i a l   such  a s  

an  a c i d i c   c lay  or  amorphous  s i l i c a - a l u m i n a   or,  a l t e r n a t i v e l y ,   a  

z e o l i t e .   Large  pore  z e o l i t e s   such  as  z e o l i t e s   X  and  Y  have  been  

c o n v e n t i o n a l l y   used  for  t h i s   purpose  because  the  p r i n c i p a l  

components  of  the  f e e d s t o c k s   (gas  o i l s ,   coker  bot toms,   r e d u c e d  

c rudes ;   r e c y c l e   o i l s ,   FCC  bot toms)  are  h igher   mo lecu la r   w e i g h t  

hyd roca rbons   which  w i l l   not  en t e r   the  i n t e r n a l   pore  s t r u c t u r e   of  t h e  

s m a l l e r   pore  z e o l i t e s   and  t h e r e f o r e   w i l l   not  undergo  c o n v e r s i o n .  

So,  i f   waxy  f e e d s t o c k s   such  as  Amal  Gas  Oil  are  hydroc racked   with  a  

l a r g e   pore  c a t a l y s t   such  as  z e o l i t e   Y  in  combina t ion   with  a  

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

c r a c k i n g   most  of  the  343°C+  m a t e r i a l   i n to   m a t e r i a l   t h a t   b o i l s   a t  

343°C  to  165°C.  The  r emainder   of  the  343°C+  m a t e r i a l   t h a t   is  n o t  

c o n v e r t e d   c o n t a i n s   the  m a j o r i t y   of  the  p a r a f f i n i c   components  in  t h e  

f e e d s t o c k   because  the  a r o m a t i c s   are  c o n v e r t e d   p r e f e r e n t i a l l y   to  t h e  

p a r a f f i n s .   The  unconve r t ed   343°C+  m a t e r i a l   t h e r e f o r e   r e t a i n s   a  h i g h  

pour  po in t   so  tha t   the  f i n a l   product   w i l l   a l so   have  a  r e l a t i v e l y  

high  pour  po in t   of  about  10°C.  Thus,  a l t hough   the  v i s c o s i t y   i s  

reduced ,   the  pour  po in t   is  s t i l l   u n a c c e p t a b l e .   Even  i f   t h e  

c o n d i t i o n s   are  a d j u s t e d   to  give  complete   or  n ea r l y   c o m p l e t e  

c o n v e r s i o n ,   the  h igher   mo lecu la r   weight  h y d r o c a r b o n s ,   which  a r e  

p r e s e n t   in  the  f e e d s t o c k ,   p r i n c i p a l l y   p o l y c y c l i c   a r o m a t i c s ,   w i l l   be 

s u b j e c t e d   to  c r ack ing   so  as  to  lead  to  f u r t h e r   r e d u c t i o n s   in  t h e  

v i s c o s i t y   of  the  p roduc t .   The  c r ack ing   p r o d u c t s ,   however,  w i l l  

i n c l u d e   a  s u b s t a n t i a l   p r o p o r t i o n   of  s t r a i g h t   chain   components  

( n - p a r a f f i n s )   which,  i f   they  are  of  s u f f i c i e n t l y   high  m o l e c u l a r  



weight  t h e m s e l v e s ,   as  they  o f t en   a re ,   w i l l   c o n s t i t u t e   a  waxy 

component  in  the  p r o d u c t .   The  f i n a l   p roduc t   may  t h e r e f o r e   be  

p r o p o r t i o n a t e l y   more  waxy  than  the  f e e d s t o c k   and,  c o n s e q u e n t l y ,   may 
have  a  pour  po in t   which  is  equa l ly   u n s a t i s f a c t o r y   or  even  more  s o .  

A  f u r t h e r   d i s a d v a n t a g e   of  o p e r a t i n g   under  high  convers ion   c o n d i t i o n s  

is  t h a t   the  consumption  of  hydrogen  is  i n c r e a s e d .   Attempts  t o  

reduce  the  mo lecu l a r   weight  of  these   s t r a i g h t   chain  p a r a f f i n i c  

p roduc t s   w i l l   only  serve  to  produce  very  l i g h t   f r a c t i o n s   f o r  

example,  propane,   so  d e c r e a s i n g   the  d e s i r e d   l i q u i d   y i e l d .  

In  the  dewaxing  p r o c e s s ,   on  the  o the r   hand,  a  small   p o r e  
z e o l i t e   or  a  shape  s e l e c t i v e   z e o l i t e   such  as  ZSM-5  is  used  as  t h e  

a c i d i c   component  of  the  c a t a l y s t   and  the  normal  and  s l i g h t l y  

branched  chain  p a r a f f i n s   which  are  p r e s e n t   in  the  f eeds tock   wi l l   be  

able  to  e n t e r   the  i n t e r n a l   pore  s t r u c t u r e   of  the  z e o l i t e   so  t h a t  

they  wi l l   undergo  c o n v e r s i o n .   The  major  p r o p o r t i o n   --  t y p i c a l l y  

about  70  p e r c e n t   of  t h e  f e e d s t o c k   --   b o i l i n g   above  343°C  wi l l   r e m a i n  

unconver t ed   because  the  bulky  a romat i c   components,   e s p e c i a l l y   t h e  

p o l y c y c l i c   a r o m a t i c s ,   are  unable  to  e n t e r   the  z e o l i t e .   The 

p a r a f f i n i c   waxy  components  wi l l   t h e r e f o r e   be  removed  so  as  to  l o w e r  

the  pour  po in t   of  the  product   but  the  o the r   components  wi l l   r e m a i n  

so  tha t   the  f i n a l   product   wi l l   have  an  unaccep t ab ly   high  v i s c o s i t y  

even  though  the  pour  po in t   may  be  s a t i s f a c t o r y .  

It  has  now  been  found  t ha t   heavy  hydrocarbon  o i l s   may  be  

s i m u l t a n e o u s l y   hydrocracked   and  hydrodewaxed  to  produce  a  l i q u i d  

product   of  s a t i s f a c t o r y   pour  po in t   and  v i s c o s i t y .   This  d e s i r a b l e  

r e s u l t   is  ob ta ined   by  the  use  of  a  c a t a l y s t   which  con ta in s   z e o l i t e  

beta  as  an  a c i d i c   component  to  induce  the  c rack ing   r e a c t i o n s .   The 

c a t a l y s t   p r e f e r a b l y   i nc ludes   a  h y d r o g e n a t i o n   component  to  i n d u c e  

hyd rogena t i on   r e a c t i o n s .   The  h y d r o g e n a t i o n   component  may  be  a  n o b l e  

metal  or  a  non-noble   metal  and  is  s u i t a b l y   of  a  conven t iona l   t y p e ,  

for  example  n i c k e l ,   t u n g s t e n ,   c o b a l t ,   molybdenum  or  combinat ions   o f  

these  m e t a l s .  



In  a cco rdance   with  the  i n v e n t i o n ,   t h e r e   is  p rovided  a  

p roces s   for  c r a c k i n g   and  dewaxing  a  heavy  hyd roca rbon   o i l   which  

compr i ses   c o n t a c t i n g   the  o i l   with  a  c a t a l y s t   compr i s ing   z e o l i t e   b e t a .  

In  the  p roce s s   of  the  i n v e n t i o n ,   the  hydrocarbon   f e e d s t o c k  

is  hea ted   with  the  c a t a l y s t   under  c o n v e r s i o n   c o n d i t i o n s   which  a r e  

a p p r o p r i a t e   for  h y d r o c r a c k i n g .   During  the  c o n v e r s i o n ,   the  a r o m a t i c s  

and  naph thenes   which  are  p r e s e n t   in  the  f e e d s t o c k   u n d e r g o  

h y d r o c r a c k i n g   r e a c t i o n s   such  as  d e a l k y l a t i o n ,   r ing   opening  and  

c r a c k i n g ,   fo l lowed  by  h y d r o g e n a t i o n .   The  long  chain   p a r a f f i n s   which  

are  p r e s e n t   in  the  f e e d s t o c k ,   t o g e t h e r   with  the  p a r a f f i n s   p r o d u c e d  

by  the  h y d r o c r a c k i n g   of  the  a roma t i c s   are ,   in  a d d i t i o n ,   c o n v e r t e d  

in to   p roduc t s   which  are  l e s s   waxy  than  the  s t r a i g h t   c h a i n  

n - p a r a f f i n s ,   t he reby   e f f e c t i n g   a  s i m u l t a n e o u s   dewaxing.   The  use  o f  

z e o l i t e   beta   is  b e l i e v e d   to  be  unique  in  t h i s   r e s p e c t ,   p roducing   n o t  

only  a  r e d u c t i o n   in  the  v i s c o s i t y   of  the  p roduc t   by  h y d r o c r a c k i n g  

but  a lso   a  s i m u l t a n e o u s   r e d u c t i o n   in  pour  p o i n t   by  c a t a l y t i c  

h y d r o d e w a x i n g .  

The  p roce s s   enab les   heavy  f e e d s t o c k s   such  as  gas  o i l s  

b o i l i n g   above  343°C  to  be  conver t ed   to  d i s t i l l a t e   range  p r o d u c t s  

b o i l i n g   below  343°C  but  in  c o n t r a s t   to  p r i o r   p r o c e s s e s   using  l a r g e  

pore  c a t a l y s t s   such  as  z e o l i t e   Y,  the  consumption  of  hydrogen  w i l l  

be  reduced  even  though  the  product   w i l l   conform  to  the  d e s i r e d  

s p e c i f i c a t i o n s   for  pour  point   and  v i s c o s i t y .   In  c o n t r a s t   t o  

dewaxing  p r o c e s s e s   using  shape  s e l e c t i v e   c a t a l y s t s   such  as  z e o l i t e  

ZSM-5,  the  bulk  c o n v e r s i o n   i n c l u d i n g   c r a c k i n g   of  a romat i c   components  

t akes   p l ace ,   e n s u r i n g   a ccep t ab ly   low  v i s c o s i t y   in  the  d i s t i l l a t e  

range  p roduc t .   Thus,  the   p r e sen t   p rocess   is  capab le   of  e f f e c t i n g   a  

bulk  conve r s ion   t o g e t h e r   with  a  s i m u l t a n e o u s   dewaxing.  Moreover ,  

t h i s   is  achieved  with  a  reduced  hydrogen  consumpt ion  as  compared  t o  

the  o ther   types   of  p r o c e s s .   It  is  a lso  p o s s i b l e   to  ope ra t e   a t  

p a r t i a l   c o n v e r s i o n ,   thus  e f f e c t i n g   economies  in  hydrogen  consumpt ion  

while  s t i l l   meeting  pour  point   and  v i s c o s i t y   r e q u i r e m e n t s .   The 



proces s   a lso   ach ieves   enhanced  s e l e c t i v i t y   for  the  p roduc t i on   o f  

d i s t i l l a t e   range  m a t e r i a l s ;   the  y ie ld   of  gas  and  p roduc t s   b o i l i n g  

below  the  d i s t i l l a t e   range  is  r e d u c e d .  

As  mentioned  above,  the  process   combines  e lements   o f  

h y d r o c r a c k i n g   and  dewaxing.  The  c a t a l y s t   used  in  the  p rocess   has  an  

a c i d i c   component  and  a  h y d r o g e n a t i o n   component  which  may  be  

c o n v e n t i o n a l   in  type.   The  a c i d i c   component  comprises   z e o l i t e   b e t a ,  

which  is  d e sc r i bed   in  U.S.  Pa t en t s   3 ,303,069  and  Re  28,341  and 

r e f e r e n c e   is  made  to  those   p a t e n t s   for  d e t a i l s   of  t h i s   z e o l i t e   and 

i t s   p r e p a r a t i o n .  

Z e o l i t e   beta  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  

having  a  pore  s ize   g r e a t e r   than  5  Angstroms.  The  compos i t ion   of  t h e  

z e o l i t e   as  d e s c r i b e d   in  U.S.  Pa ten t s   3 ,303,069  and  Re  28,341,  in  i t s  

as  s y n t h e s i z e d   form  may  be  expressed   as  f o l l o w s :  

where  X  is  l ess   than  1,  p r e f e r a b l y   less   than  0.7;  TEA  r e p r e s e n t s   t h e  

t e t rae thy lammonium  ion;  Y  is  g r e a t e r   than  5  but  l e s s   than  100  and  W 

is  up  to  about  60  ( i t   has  been  found  tha t   the  degree  of  h y d r a t i o n  

may  be  h igher   than  o r i g i n a l l y   de te rmined ,   where  W  was  def ined   a s  

being  up  to  4),  depending  on  the  degree  of  h y d r a t i o n   and  the  m e t a l  

c a t i o n   p r e s e n t .   The  TEA  component  is  c a l c u l a t e d   by  d i f f e r e n c e s   from 

the  analyzed  value  of  sodium  and  the  t h e o r e t i c a l  

c a t i o n - t o - s t r u c t u r a l   aluminum  r a t i o   of  u n i t y .  

In  the  f u l l y   base-exchanged   form,  beta  has  the  c o m p o s i t i o n :  

where  X,  Y  and  W  have  the  values   l i s t e d   above  and  n  is  the  v a l e n c e  

of  the  metal  M. 



In  the  p a r t l y   ba se - exchanged   form  which  is  o b t a i n e d   f rom 

the  i n i t i a l   sodium  form  of  the  z e o l i t e   by  ion  exchange  w i t h o u t  

c a l c i n i n g ,   z e o l i t e   beta  has  the  f o r m u l a :  

When  i t   is  used  in  the  c a t a l y s t s ,   the  z e o l i t e   is  at  l e a s t  

p a r t l y   in  the  hydrogen  form  in  o rder   to  p rovide   the  d e s i r e d   a c i d i c  

f u n c t i o n a l i t y   for  the  c r a c k i n g   r e a c t i o n s   which  are  to  take  p l a c e .  

It  is  normal ly   p r e f e r r e d   to  use  the  z e o l i t e   in  a  form  which  h a s  

s u f f i c i e n t   a c i d i c   f u n c t i o n a l i t y   to  give  i t   an  alpha  value  of  1  o r  

more.  The  a lpha  value,   a  measure  of  z e o l i t e   a c i d i c   f u n c t i o n a l i t y ,  

is  d e s c r i b e d ,   t o g e t h e r   with  d e t a i l s   of  i t s   measurement  in  U .S .  

Pa ten t   4 ,016 ,218   and  in  J.  C a t a l y s i s ,   Vol.  VI,  pages  278-287  (1966)  

and  r e f e r e n c e   is  made  to  those   p u b l i c a t i o n s   for  such  d e t a i l s .   The 

a c i d i c   f u n c t i o n a l i t y   may  be  c o n t r o l l e d   by  base  exchange  of  t h e  

z e o l i t e ,   e s p e c i a l l y   with  a l k a l i   metal   c a t i o n s   such  as  sodium,  by 

s teaming  or  by  c o n t r o l   of  the  s i l i c a : a l u m i n a   r a t i o   of  the  z e o l i t e .  

When  s y n t h e s i z e d   in  the  a l k a l i   metal  form,  z e o l i t e   beta   may 
be  conve r t ed   to  the  hydrogen  form  by  fo rmat ion   of  the  i n t e r m e d i a t e  

ammonium  form  as  a  r e s u l t   of  ammonium  ion  exchange  and  c a l c i n a t i o n  

of  the  ammonium  form  to  y i e l d   the  hydrogen  form.  In  a d d i t i o n   to  t h e  

hydrogen  form,  o ther   forms  of  the  z e o l i t e   wherein  the  o r i g i n a l  

a l k a l i   metal  has  been  reduced  to  l e s s   than  about  1.5  pe rcen t   by 

weight  may  be  used.  Thus,  the  o r i g i n a l   a l k a l i   metal  of  the  z e o l i t e  

may  be  r e p l a c e d   by  ion  exchange  with  o the r   s u i t a b l e   metal  c a t i o n s  

i n c l u d i n g ,   by  way  of  example,  n i c k e l ,   copper ,   z inc ,   p a l l a d i u m ,  

calcium  and  rare   e a r t h   m e t a l s .  

Z e o l i t e   be ta ,   in  a d d i t i o n   to  p o s s e s s i n g   a  compos i t ion   a s  

def ined   above,  may  also  be  c h a r a c t e r i z e d   by  i t s   X-ray  d i f f r a c t i o n  

data  which  are  set   out  in  U.S.  P a t e n t s   3 ,308,069  and  Re.  2 8 , 3 4 1 .  

The  s i g n i f i c a n t   d  v a l u e s  ( a n g s t r o m s ,   r a d i a t i o n :   K  alpha  doub le t   o f  

copper,   Geiger  coun te r   s p e c t r o m e t e r )   are  as  shown  in  Table  1  b e l o w :  



The  p r e f e r r e d   forms  of  z e o l i t e   beta   for  use  in  the  p rocess   are  t h e  

high  s i l i c a   forms,  having  a  s i l i c a : a l u m i n a   r a t i o   of  at  l e a s t   3 0 : 1 .  

It  has  been  found,  in  f a c t ,   t h a t   z e o l i t e   beta  may  be  p repared   w i t h  

s i l i c a : a l u m i n a   r a t i o s   above  the  100:1  maximum  s p e c i f i e d   in  U .S .  

P a t e n t s   3 ,308 ,069   and  Re.  28,341  and  these   forms  of  the  z e o l i t e  

provide  the  bes t   per formance  in  the  p rocess .   Rat ios   of  at  l e a s t  

50:1  and  p r e f e r a b l y   at  l e a s t   100:1  or  even  h igher ,   for  example  e . g .  

250:1,   500:1  may  be  u s e d .  

The  s i l i c a : a l u m i n a   r a t i o s   r e f e r r e d   to  he re in   are  t h e  

s t r u c t u r a l   or  framework  r a t i o s ,   t h a t   i s ,   the  r a t i o   of  the  Si04  t o  

the  A104  t e t r a h e d r a   which  t o g e t h e r   c o n s t i t u t e   the  s t r u c t u r e   o f  

which  the  z e o l i t e   is  composed.  It  should  be  unders tood   t h a t   t h i s  

r a t i o   may  vary  from  the  s i l i c a : a l u m i n a   r a t i o   de termined  by  v a r i o u s  

phys i ca l   and  chemical   methods.  For  example;  a  gross   c h e m i c a l  

a n a l y s i s   may  i nc lude   aluminum  which  is  p resen t   in  the  form  o f  

c a t i o n s   a s s o c i a t e d   with  the  a c i d i c   s i t e s   on  the  z e o l i t e ,   t h e r e b y  

giving  a  low  s i l i c a : a l u m i n a   r a t i o .   S i m i l a r l y ,   i f   the  r a t i o   i s  

de termined   by  the  t h e r m o g r a v i m e t r i c   a n a l y s i s   (TGA)  of  ammonia 

d e s o r p t i o n ,   a  low  ammonia  t i t r a t i o n   may  be  ob ta ined   if   c a t i o n i c  

aluminum  p r e v e n t s   exchange  of  the  ammonium  ions  onto  the  a c i d i c  

s i t e s .   These  d i s p a r i t i e s   are  p a r t i c u l a r l y   t roublesome  when  c e r t a i n  

t r e a t m e n t s   such  as  the  d e a l u m i n i z a t i o n   method  desc r ibed   below,  which 



r e s u l t   in  the  p resence   of  ion ic   aluminum  free  of  the  z e o l i t e  

s t r u c t u r e ,   are  employed.  Due  care  should  t h e r e f o r e   be  taken  t o  

ensure   t h a t   the  framework  s i l i c a : a l u m i n a   r a t i o   is  c o r r e c t l y  

d e t e r m i n e d .  

The  s i l i c a : a l u m i n a   r a t i o   of  the  z e o l i t e   may  be  d e t e r m i n e d  

by  t h e  n a t u r e   of  the  s t a r t i n g   m a t e r i a l s   used  in  i t s   p r e p a r a t i o n   and  

t h e i r   q u a n t i t i e s   r e l a t i v e   one  to  a n o t h e r .   Some  v a r i a t i o n   in  t h e  

r a t i o   may  t h e r e f o r e   be  ob ta ined   by  changing  the  r e l a t i v e  

c o n c e n t r a t i o n   of  the  s i l i c a   p r e c u r s o r   r e l a t i v e   to  the  a l u m i n a  

p r e c u r s o r   but  d e f i n i t e   l i m i t s   in  the  maximum  o b t a i n a b l e  

s i l i c a : a l u m i n a   r a t i o   of  the  z e o l i t e   may  be  observed .   For  z e o l i t e  

beta  t h i s   l i m i t   is  u s u a l l y   about  100:1  ( a l though   h ighe r   r a t i o s   may 

be  o b t a i n e d )   and  for  r a t i o s   above  t h i s   value,   o the r   methods  a r e  

u sua l ly   neces sa ry   for  p r epa r ing   the  d e s i r e d   high  s i l i c a   z e o l i t e .  

One  such  method  compr ises   d e a l u m i n a t i o n   by  e x t r a c t i o n   with  acid  and  

tha t   method  comprises   c o n t a c t i n g   the  z e o l i t e   with  an  a c i d ,  

p r e f e r a b l y   a  minera l   acid  such  as  h y d r o c h l o r i c   ac id .   The 

d e a l u m i n i z a t i o n   proceeds   r e a d i l y   at  ambient  and  mi ld ly   e l e v a t e d  

t e m p e r a t u r e s   and  occurs   with  minimal  l o s s e s   in  c r y s t a l l i n i t y ,   t o  

form  h i g h  s i l i c a   forms  of  z e o l i t e   be ta   with  s i l i c a : a l u m i n a   r a t i o s   o f  

at  l e a s t   100:1,   with  r a t i o s   of  200:1  or  even  h igher   being  r e a d i l y  

a t t a i n a b l e .  

The  z e o l i t e   is  c o n v e n i e n t l y   used  in  the  hydrogen  form  f o r  

the  d e a l u m i n i z a t i o n   process   a l though   o ther   c a t i o n i c   forms  may  a l s o  

be  employed,  for  example,  the  sodium  form.  If  these   o the r   forms  a r e  

used,  s u f f i c i e n t   acid  should  be  employed  to  allow  for  t h e  

rep lacement   by  p ro tons   of  the  o r i g i n a l   c a t i o n s   in  the  z e o l i t e .   The 

amount  of  z e o l i t e   in  the  z e o l o i t e / a c i d   mixture  s h o u l d  g e n e r a l l y   be  

from  5  to  60  pe rcen t   by  w e i g h t .  

The  acid  may  be  a  minera l   ac id ,   i . e . ,   an  i n o r g a n i c   acid  o r  

an  o rgan ic   ac id .   Typical   i n o r g a n i c   ac ids   which  can  be  employed  

inc lude   minera l   ac ids   such  as  h y d r o c h l o r i c ,   s u l f u r i c ,   n i t r i c   and  



p h o s p h o r i c   a c i d s ,   p e r o x y d i s u l f o n i c   ac id ,   d i t h i o n i c   acid,   s u l f a m i c  

ac id ,   p e r o x y m o n o s u l f u r i c   ac id ,   a m i d o d i s u l f o n i c   ac id ,   n i t r o s u l f o n i c  

ac id ,   c h l o r o s u l f u r i c   ac id ,   p y r o s u l f u r i c   ac id ,   and  n i t r o u s   a c i d .  

R e p r e s e n t a t i v e   o rgan i c   ac ids   which  may  be  used  i nc lude   formic  a c i d ;  

t r i c h l o r o a c e t i c   ac id ,   and  t r i f l u o r o a c e t i c   a c i d .  

The  c o n c e n t r a t i o n   of  added  acid  should  be  such  as  not  t o  

lower  the  pH  of  the  r e a c t i o n   mixture   to  an  u n d e s i r a b l y   low  l e v e l  

which  could  a f f e c t   the  c r y s t a l l i n i t y   of  the  z e o l i t e   u n d e r g o i n g  

t r e a t m e n t .   The  a c i d i t y   which  the  z e o l i t e   can  t o l e r a t e   wil l   depend ,  

at  l e a s t   in  p a r t ,   upon  the  s i l i c a / a l u m i n a   r a t i o   of  the  s t a r t i n g  

m a t e r i a l .   G e n e r a l l y ,   i t   has  been  found  t h a t   z e o l i t e   beta  can  

w i t h s t a n d   c o n c e n t r a t e d   acid  wi thout   undue  loss   in  c r y s t a l l i n i t y   b u t  

as  a  g e n e r a l   gu ide ,   the  acid  wi l l   be  from  0.1  N  to  4.0  N,  u sua l l y   1 

to  2  N.  These  va lues   hold  good  r e g a r d l e s s   of  the  s i l i c a : a l u m i n a  

r a t i o   of  the  z e o l i t e   beta  s t a r t i n g   m a t e r i a l .   S t ronge r   acids   tend  t o  

e f f e c t   a  r e l a t i v e l y   g r e a t e r   degree  of  aluminum  removal  than  weaker  

a c i d s .  

The  d e a l u m i n i z a t i o n   r e a c t i o n   p roceeds   r e a d i l y   at  a m b i e n t  

t e m p e r a t u r e s   but  mildly   e l e v a t e d   t e m p e r a t u r e s   may  be  employed  e . g .  

up  to  100°C.  The  d u r a t i o n   of  the  e x t r a c t i o n   wi l l   a f f e c t   t h e  

s i l i c a : a l u m i n a   r a t i o   of  the  p roduc t   s ince   e x t r a c t i o n ,   b e i n g  

d i f f u s i o n   c o n t r o l l e d ,   is  time  dependent .   However,  because  t h e  

z e o l i t e   becomes  p r o g r e s s i v e l y   more  r e s i s t a n t   to  loss   o f  

c r y s t a l l i n i t y   as  the  s i l i c a : a l u m i n a   r a t i o   i n c r e a s e s   i . e .   i t   becomes 

more  s t a b l e   as  the  aluminum  is  removed,  h igher   t e m p e r a t u r e s   and  more 

c o n c e n t r a t e d   ac ids   may  be  used  towards  the  end  of  the  t r e a t m e n t   t h a n  

at  the  beg inn ing   wi thout   the  a t t e n d a n t   r i s k   of  los ing   c r y s t a l l i n i t y .  

After   the  e x t r a c t i o n   t r e a t m e n t ,   the  product   is  w a t e r - w a s h e d  

f ree   of  i m p u r i t i e s ,   p r e f e r a b l y   with  d i s t i l l e d   water ,   u n t i l   t h e  

e f f l u e n t   wash  water  has  a  pH  wi th in   the  approximate   range  of  5  to  8 .  



The  c r y s t a l l i n e   dea lumin ized   p roduc t s   o b t a i n e d   by  t h e  

method  of  t h i s   i n v e n t i o n   have  s u b s t a n t i a l l y   the  same 

c r y s t a l l o g r a p h i c   s t r u c t u r e   as  t ha t   of  the  s t a r t i n g   a l u m i n o s i l i c a t e  

z e o l i t e   but  with  i n c r e a s e d   s i l i c a : a l u m i n a   r a t i o s .   The  formula  o f  

the  dea lumin i zed   z e o l i t e   beta  wi l l   t h e r e f o r e   be  

where  X  is  l e s s   than  1,  p r e f e r a b l y   l e s s   than  0.75,  Y  is  at  l e a s t  

100,  p r e f e r a b l y   at  l e a s t   150  and  W  is  up  to  60.  M  is  a  m e t a l ,  

p r e f e r a b l y   a  t r a n s i t i o n   metal  or  a  metal  of  Groups  IA,  2A  or  3A,  o r  

a  mixture   of  me ta l s .   The  s i l i c a : a l u m i n a   r a t i o ,   Y,  w i l l   g e n e r a l l y   be  

in  the  range  of  100:1  to  500:1,  more  u s u a l l y   150:1  to  300:1,   f o r  

example  200:1  or  more.  The  X-ray  d i f f r a c t i o n   p a t t e r n   of  t h e  

dea lumin ized   z e o l i t e   w i l l   be  s u b s t a n t i a l l y   the  same  as  t h a t   of  t h e  

o r i g i n a l   z e o l i t e ,   as  set   out  in  Table  1  a b o v e .  

If  d e s i r e d ,   the  z e o l i t e   may  be  steamed  p r i o r   to  a c i d  

e x t r a c t i o n   so  as  to  i n c r e a s e   the  s i l i c a : a l u m i n a   r a t i o   and  r ende r   t h e  

z e o l i t e   more  s t a b l e   to  the  ac id .   The  s teaming  may  a l so   serve   t o  

i n c r e a s e   the  ease  with  which  the  acid  is  removed  and  to  promote  t h e  

r e t e n t i o n   of  c r y s t a l l i n i t y   during  the  e x t r a c t i o n   p r o c e d u r e .  

The  z e o l i t e   beta  is  p r e f e r a b l y   used  in  combina t ion   with  a  

h y d r o g e n a t i n g   component  which  is  u s u a l l y   de r ived   from  a  metal   o f  

Groups  VA,  VIA  or  VIIIA  of  the  P e r i o d i c   Table.  P r e f e r r e d   n o n - n o b l e  

metals   are  such  as  t u n g s t e n ,   vanadium,  molybdenum,  n i c k e l ,   c o b a l t ,  

chromium,  and  manganese,  and  the  p r e f e r r r e d   noble  meta l s   a r e  

p la t inum,   pa l l ad ium,   i r i d ium  and  rhodium.  Combinat ions  of  n o n - n o b l e  

metals   such  as  cobal t -molybdenum,   c o b a l t   n i cke l ,   n i c k e l - t u n g s t e n   o r  

c o b a l t - n i c k e l - t u n g s t e n   are  e x c e p t i o n a l l y   u se fu l   with  many  f e e d s t o c k s  

and,  in  a  p r e f e r r e d   combina t ion ,   the  hyd rogena t ion   component  

comprises   from  0.7  to  about  7  wt.%  n i c k e l   and  2.1  to  about  21  wt.% 

t u n g s t e n ,   exp re s sed   as  metal .   The  hyd rogena t i on   component  can  b e  

exchanged  onto  the  z e o l i t e ,   impregna ted   in to   i t   or  p h y s i c a l l y  



admixed  with  i t .   If  the  metal  is  to  be  impregnated  into  o r  

exchanged  onto  the  z e o l i t e ,   i t   may  be  done,  for  example,  by  t r e a t i n g  

the  z e o l i t e   with  a  p la t inum  m e t a l - c o n t a i n i n g   ion.  S u i t a b l e   p l a t i n u m  

compounds  inc lude   c h l o r o p l a t i n i c   ac id ,   p l a t i n o u s   c h l o r i d e   and 

v a r i o u s   compounds  c o n t a i n i n g   the  p la t inum  ammine  complex .  

The  c a t a l y s t   may  be  t r e a t e d   by  c o n v e n t i o n a l   p r e - s u l f i d i n g  

t r e a t m e n t s ,   for  example  by  hea t ing   in  the  p resence   of  hydrogen  

s u l f i d e ,   to  conver t   oxide  forms  of  the  meta ls   such  as  Co0  or  NiO  t o  

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

The  metal  compounds  may  be  e i t h e r   compounds  in  which  t h e  

metal   is  p r e sen t   in  the  c a t i on   of  the  compound  and  compounds  i n  

which  i t   is  p r e sen t   in  the  anion  of  the  compound.  Both  types  o f  

compounds  can  be  used.  Plat inum  compounds  in  which  the  metal  is  i n  

the  form  of  a  ca t ion   or  c a t i o n i c   complex,  for  example ,  

Pt(NH3)4C12,  are  p a r t i c u l a r l y   u s e f u l ,   as  are  an ionic   complexes  

such  as  the  vanadate  and  m e t a t u n g s t a t e   ions.   Ca t ion ic   forms  o f  

o the r   meta ls   are  also  very  u se fu l   s ince   they  may  be  exchanged  o n t o  

the  z e o l i t e   or  impregnated  in to   i t .  

P r io r   to  use  the  z e o l i t e   should  be  dehydra ted   at  l e a s t  

p a r t i a l l y .   This  can  be  done  by  h e a t i n g   to  a  t empera tu re   in  t h e  

range  of  200°C  to  600°C  in  a i r   or  an  i n e r t   atmosphere  such  a s  

n i t r o g e n   for  1  to  48  hours.  Dehydra t ion   can  also  be  performed  a t  

lower  t e m p e r a t u r e s   merely  by  using  a  vacuum,  but  a  longer  time  i s  

r e q u i r e d   to  ob ta in   a  s u f f i c i e n t   amount  of  d e h y d r a t i o n .  

It  may  be  d e s i r a b l e   to  i n c o r p o r a t e   the  c a t a l y s t   in  a n o t h e r  

m a t e r i a l   r e s i s t a n t   to  the  t empera tu re   and  o ther   c o n d i t i o n s   employed 
in  the  p rocess .   Such  matrix  m a t e r i a l s   i nc lude   s y n t h e t i c   and 

n a t u r a l l y   occur r ing   subs tances   such  as  i n o r g a n i c   m a t e r i a l s ,   f o r  

example  c lay ,   s i l i c a   and  metal  ox ides .   The  l a t t e r   may  be  e i t h e r  

n a t u r a l l y   occur r ing   or  in  the  form  of  g e l a t i n o u s   p r e c i p i t a t e s   o r  

ge ls   i n c l u d i n g   mixtures   of  s i l i c a   and  metal  oxides .   N a t u r a l l y  

o c c u r r i n g   c lays   can  be  composited  with  the  z e o l i t e   inc lud ing   t h o s e  



of  the  m o n t m o r i l l o n i t e   and  kao l in   f a m i l i e s .   The  c lays   can  be  u s e d  

in  the  raw  s t a t e   as  o r i g i n a l l y   mined  or  i n i t i a l l y   s u b j e c t e d   t o  

c a l c i n a t i o n ,   acid  t r e a t m e n t   or  chemical   m o d i f i c a t i o n .  

The  z e o l i t e   may  be  composi ted  with  a  porous  m a t r i x  

m a t e r i a l ,   such  as  a lumina,   s i l i c a - a l u m i n a ,   s i l i c a - m a g n e s i a ,  

s i l i c a - z i r c o n i a ,   s i l i c a - t h o r i a ,   s i l i c a - b e r y l i a ,   s i l i c a - t i t a n i a ,   a s  

well  as  t e r n i a r y   c o m p o s i t i o n s ,   such  as  s i l i c a - a l u m i n a - t h o r i a ,  

s i l i c a - a l u m i n a - z i r c o n i a ,   magnesia  and  s i l i c a - m a g n e s i a - z i r c o n i a .   The 

matr ix   may  be  in  the  form  of  a  cogel .   The  r e l a t i v e   p r o p o r t i o n s   o f  

z e o l i t e   component  and  i n o r g a n i c   oxide  gel  mat r ix   on  an  a n h y d r o u s  

bas i s   may  vary  widely  with  the  z e o l i t e   con t en t   ranging  from  10  t o  

99,  more  u s u a l l y   25  to  80,  pe rcen t   by  weight  of  the  dry  c o m p o s i t e .  

The  matr ix   i t s e l f   may  possess   c a t a l y t i c   p r o p e r t i e s ,   g e n e r a l l y   of  an  

a c i d i c   n a t u r e .  

The  f e e d s t o c k   for  the  p rocess   of  the  i n v e n t i o n   compr ises   a  

heavy  hydrocarbon  o i l   such  as  a  gas  o i l ,   coker  tower  b o t t o m s  

f r a c t i o n ,   reduced  crude,   vacuum  tower  bot toms,   d e a s p h a l t e d   vacuum 

r e s i d s ,   FCC  tower  bot toms,   or  cycle  o i l s .   Oils   de r ived   from  c o a l ,  

sha le ,   or  t a r   sands  may  also  be  t r e a t e d   in  t h i s   way.  Oils  of  t h i s  

kind  g e n e r a l l y   bo i l   above  343°C  a l though  the  p roces s   is  a lso   u s e f u l  

with  o i l s   which  have  i n i t i a l   b o i l i n g   po in t s   as  low  as  260°C.  These  

heavy  o i l s   comprise  high  molecu la r   weight  long  chain  p a r a f f i n s   and  

high  molecu la r   weight  a romat i c s   with  a  l a rge   p r o p o r t i o n   of  f u s e d  

ring  a r o m a t i c s .   During  the  p r o c e s s i n g ,   the  fused  r ing  a roma t i c s   and  

naphthenes   are  cracked  by  the  a c i d i c   c a t a l y s t   and  the  p a r a f f i n i c  

c rack ing   p roduc t s ,   t o g e t h e r   with  p a r a f f i n i c   components  of  t h e  

i n i t i a l   f eeds tock   undergo  convers ion   to  i s o - p a r a f f i n s   with  some 

c rack ing   to  lower  molecu la r   weight  m a t e r i a l s .   Hydrogenat ion  o f  

u n s a t u r a t e d   s ide  chains   on  the  monocyclic  c r ack ing   r e s i d u e s   of  t h e  

o r i g i n a l   p o l y c y c l i c s   is  c a t a l y z e d   by  the  h y d r o g e n a t i o n   component  t o  

form  s u b s t i t u t e d   monocyclic   a romat ics   which  are  h ighly   d e s i r a b l e   end  

p roduc t s .   The  heavy  hydrocarbon  o i l   f e eds tock   wi l l   normally  c o n t a i n  



a  s u b s t a n t i a l   amount  b o i l i n g   above  230°C  and  wi l l   normally  have  a n  

i n i t i a l   b o i l i n g   poin t   of  about  290°C,  more  u s u a l l y   about  340°C. 

Typica l   b o i l i n g   ranges  wi l l   be  about  340°  to  565°C  or  about  340°C  t o  

510°C  but  o i l s   with  a  narrower  b o i l i n g   range  may,  of  course ,   be  

p r o c e s s e d ,   for  example,  those  with  a  b o i l i n g   range  of  about  340°  t o  

455°C.  Heavy  gas  o i l s   are  o f ten   of  t h i s   kind  as  are  cycle   o i l s   and 

o the r   n o n - r e s i d u a l   m a t e r i a l s .   I t   is  p o s s i b l e   to  c o - p r o c e s s  

m a t e r i a l s   b o i l i n g   below  260°C  but  the  degree  of  conve r s ion   wi l l   be 

lower  for  such  components.   Feeds tocks   c o n t a i n i n g   l i g h t e r   ends  o f  

t h i s   kind  w i l l   normally  have  an  i n i t i a l   b o i l i n g   point   above  150°C. 

The  process   is  of  p a r t i c u l a r   u t i l i t y   with  h ighly   p a r a f f i n i c  

feeds   because ,   with  feeds  of  t h i s   kind,   the  g r e a t e s t   improvement  i n  

pour  po in t   may  be  ob ta ined .   However,  most  feeds  wi l l   con t a in   a  

c e r t a i n   c o n t e n t   of  p o l y c y c l i c   a r o m a t i c s .  

The  process   is  c a r r i e d   out  under  c o n d i t i o n s  s i m i l a r   t o  

those   used  for  conven t iona l   hyd roc rack ing   a l though  the  use  of  t h e  

h igh ly   s i l i c e o u s   z e o l i t e   c a t a l y s t   pe rmi t s   the  t o t a l   p r e s s u r e  

r e q u i r e m e n t s   to  be  reduced.   Process   t e m p e r a t u r e s   of  230°C  to  500°C 

may  c o n v e n i e n t l y   be  used  a l though  t e m p e r a t u r e s   above  425°C  w i l l  

normal ly   not  be  employed  as  the  thermodynamics  of  the  h y d r o c r a c k i n g  

r e a c t i o n s   become  un favorab le   at  t e m p e r a t u r e s   above  t h i s   p o i n t .  

G e n e r a l l y ,   t e m p e r a t u r e s   of  300°C  to  425°C  wil l   be  employed.  T o t a l  

. p r e s s u r e   is  u sua l l y   in  the  range  of  500  to  20,000  kPa  and  the  h i g h e r  

p r e s s u r e s   wi th in   t h i s   range  over  7000  kPa  wi l l   normally  be  

p r e f e r r e d .   The  process   is  opera ted   in  the  presence   of  hydrogen  and 

hydrogen  p a r t i a l   p r e s s u r e s   wi l l   normally  be  from  600  to  6000  kPa.  

The  r a t i o   of  hydrogen  to  the  hydrocarbon  f eeds tock   ( hyd rogen  

c i r c u l a t i o n   r a t e )   wil l   normally  be  from  10  to  3500  n . 1 . 1 - 1 .   The 

space  v e l o c i t y   of  the  feeds tock   wi l l   normally  be  from  0.1  to  20 

LHSV,  p r e f e r a b l y   0.1  to  10  LHSV.  At  low  c o n v e r s i o n s ,   t h e  

n - p a r a f f i n s   in  the  feeds tock   wi l l   be  conver t ed   in  p r e f e r e n c e   to  t h e  

i s o - p a r a f f i n s   but  at  h igher   c o n v e r s i o n s   under  more  severe   c o n d i t i o n s  



the  i s o - p a r a f f i n s   wi l l   also  be  c o n v e r t e d .   The  p roduc t   is  low  i n  

f r a c t i o n s   b o i l i n g   below  150°C  and  in  most  cases   the  p roduc t   w i l l  

have  a  b o i l i n g   range  of  150°  to  340°C.  

The  conve r s ion   may  be  c a r r i e d   out  by  c o n t a c t i n g   t h e  

f e e d s t o c k   with  a  f ixed  s t a t i o n a r y   bed  of  c a t a l y s t ,   a  f ixed  f l u i d i z e d  

bed  or  with  a  t r a n s p o r t   bed.  A  s imple   c o n f i g u r a t i o n   is  a  

t r i c k l e - b e d   o p e r a t i o n   in  which  the  feed  is  a l lowed  to  t r i c k l e  

th rough  a  s t a t i o n a r y   f ixed  bed.  With  such  a  c o n f i g u r a t i o n ,   i t   i s  

d e s i r a b l e   to  i n i t i a t e   the  r e a c t i o n   with  f r e sh   c a t a l y s t   at  a  m o d e r a t e  

t e m p e r a t u r e   which  is  of  course   r a i s e d   as  the  c a t a l y s t   ages,   in  o r d e r  

to  m a i n t a i n   c a t a l y t i c   a c t i v i t y .   The  c a t a l y s t   may  be  r e g e n e r a t e d   by 

c o n t a c t   at  e l e v a t e d   t e m p e r a t u r e   with  hydrogen  gas,  for  example,  o r  

by  burn ing   in  a i r   or  o the r   o x y g e n - c o n t a i n i n g   g a s .  

A  p r e l i m i n a r y   h y d r o t r e a t i n g   s tep   to  remove  n i t r o g e n   and  

s u l f u r   and  to  s a t u r a t e   a roma t i c s   to  naph thenes   w i thou t   s u b s t a n t i a l  

b o i l i n g   range  conver s ion   w i l l   u s u a l l y   improve  c a t a l y s t   per formance   . 
and  pe rmi t   lower  t e m p e r a t u r e s ,   h ighe r   space  v e l o c i t i e s ,   l o w e r  

p r e s s u r e s   or  combina t ions   of  these   c o n d i t i o n s   to  be  employed .  

The  p rocess   of  the  i n v e n t i o n   is  i l l u s t r a t e d   by  t h e  

f o l l o w i n g   Examples.   All  p a r t s   and  p r o p o r t i o n s   in  these   Examples  a r e  

by  weight   u n l e s s   s t a t e d   to  the  c o n t r a r y .  

EXAMPLE  1 

This  Example  i l l u s t r a t e s   the  p r e p a r a t i o n   of  a  c a t a l y s t .  

A  mixture   of  z e o l i t e   beta   (S i02 /Al203=30)   having  a  

c r y s t a l l i t e   s i ze   of  l ess   than  0.05  microns  and  an  equal  amount  gamma 
alumina  on  an  anhydrous  bas i s   was  ex t ruded   to  form  1.5  mm.  p e l l e t s .  

The  p e l l e t s   were  c a l c i n e d   at  540°C  in  n i t r o g e n ,   magnesium  e x c h a n g e d ,  

and  then  c a l c i n e d   in  a i r .  

One  hundred  grams  of  the  a i r - c a l c i n e d   e x t r u d a t e   was 

impregna ted   with  13.4  grams  of  ammonium  m e t a t u n g s t a t e   (72.3%W)  in  60 

ml  of  wa te r ,   fol lowed  by  drying  at  115°C and  c a l c i n a t i o n   in  a i r   a t  

540°C.  The  e x t r u d a t e   was  then  impregna ted   with  15.1  grams  of  n i c k e l  



nitrate hexahydrate  in  60  ml  of  water ,   and  the  wet  p e l l e t s   d r i ed   and 

c a l c i n e d   at  540°C.  

The  f i n a l   c a t a l y s t   had  a  n i c k e l   con t en t   of  about  4  w e i g h t  

p e r c e n t   as  Ni0  and  a  c a l c u l a t e d   t u n g s t e n   con t en t   of  about  1 0 . 0  

weight  p e r c e n t   as  W03.  The  sodium  con ten t   was  l e s s   than  0 . 5  

weight  p e r c e n t   as  sodium  o x i d e .  

Example  2 

This  example  d e s c r i b e s   the  p r e p a r a t i o n   of  high  s i l i c a  

z e o l i t e   b e t a .  

A  sample  of  z e o l i t e   beta  in  i t s   a s - s y n t h e s i z e d   form  and  

having  a  s i l i c a : a l u m i n a   r a t i o   of  30:1  was  c a l c i n e d   in  f l o w i n g  

n i t r o g e n   at  500°C  for  4  hours,   fo l lowed  by  a i r   at  the  same 

t e m p e r a t u r e   for  5  hours.   The  c a l c i n e d   z e o l i t e   was  then  r e f l u x e d  

with  2N  h y d r o c h l o r i c   acid  at  95°C  for  one  hour  to  produce  a  

d e a l u m i n i z e d ,   high  s i l i c a   form  of  z e o l i t e   beta  having  a  

s i l i c a : a l u m i n a   r a t i o   of  280:1,  an  alpha  value  of  20  and  a  

c r y s t a l l i n i t y   of  80  pe rcen t   r e l a t i v e   to  the  o r i g i n a l ,   assumed  to  be  

100  p e r c e n t   c r y s t a l l i n e .  

The  z e o l i t e   was  exchanged  to  the  ammonium  form  with  1  N 

ammonium  c h l o r i d e   s o l u t i o n   at  90°C  r e f l u x   for  an  hour  fo l lowed  by 
the  exchange  with  1  N  magnesium  c h l o r i d e   s o l u t i o n   at  90°C  r e f l u x   f o r  

an  hour.   P la t inum  was  i n t roduced   in to   the  z e o l i t e   by  i o n - e x c h a n g e  
of  the  t e t rammine   complex  at  room  t e m p e r a t u r e .   The  metal  exchanged  

z e o l i t e   was  tho rough ly   washed  and  oven  d r ied   by  a i r   c a l c i n a t i o n   a t  

350°C  for  2  hours .   The  f i n i s h e d   c a t a l y s t   con t a ined   0.6  p e r c e n t  

p la t inum  and  was  p e l l e t t e d ,   crushed  and  s ized   to  0.35  to  0.5  mm. 

EXAMPLES  3 - 5  

The  c a t a l y s t   of  Example  1  was  eva lua t ed   for  the  c a t a l y t i c  
conve r s ion   of  an  Arab  Light  gas  o i l   (HVGO)  having  a  b o i l i n g   range  o f  

354°  to  580°C.  For  comparison,   a  magnesium  exchanged  z e o l i t e   Y 

(Si02/Al203=5)   c a t a l y s t   was  also  composed  by  e x t r u s i o n   with  an  

equal  amount  of  gamma  alumina  and  impregna t ion   to  c o n t a i n   4  w e i g h t  

pe rcen t   n i c k e l   and  10  weight  pe rcen t   t u n g s t e n .  



The  f e e d s t o c k   c o m p o s i t i o n ,   c o n d i t i o n s   used  and  p r o d u c t  

a n a l y s i s   are  given  in  Table  2  b e l o w .  

As  shown  above  in  Table  2,  at  a  r e l a t i v e l y   high  c o n v e r s i o n  

of  a p p r o x i m a t e l y   60  p e r c e n t ,   the  beta  c a t a l y s t   s i g n i f i c a n t l y   l owered  

the  pour  po in t   of  the  343°C+  product   whereas  the  p roduc t s   o b t a i n e d  

with  z e o l i t e   Y  c a t a l y s t s   remained  waxy.  A d d i t i o n a l l y ,   the  b e t a  

c a t a l y s t   conve r t ed   c o n s i d e r a b l y   more  of  the  high  b o i l i n g   components  

in  the  charge  which  r e s u l t e d   in  a  343°C+  produc t   endpoin t   about  55°C 



lower  than  o b t a i n e d   with  the  c a t a l y s t   of  Example  4.  The  h y d r o g e n  

consumption  was  a l so   no t ab ly   lower  whether   on  an  a b s o l u t e   bas i s   o r  

r e l a t i v e   to  c o n v e r s i o n .  

For  compar ison   with  Example  3,  a  s i m i l a r   Arab  Light  HVGO 

having  a  b o i l i n g   range  of  370°  to  550°C  was  hydrocracked   over  a  r a r e  

e a r t h   exchanged  u l t r a s t a b l e   z e o l i t e   Y  (S i02:Al203   =  75).  The 

z e o l i t e   was  p r epa red   by  steam  c a l c i n a t i o n   and  acid  d e a l u m i n i z a t i o n  

of  z e o l i t e   Y  to  a  framework  Si02:Al203  r a t i o   of  75:1,  f o l l o w e d  

by  rare   e a r t h   exchange,   e x t r u s i o n   with  an  equal   amount  of  gamma 
alumina  and  i m p r e g n a t i o n   to  con t a in   2  weight  pe rcen t   n icke l   and  7  

weight  pe r cen t   t u n g s t e n .  

The  f e e d s t o c k   compos i t i on ,   c o n d i t i o n s   used  and  p r o d u c t  

a n a l y s i s   are  given  in  Table  3  be low.  





1.  A  p r o c e s s   for   c r ack ing   and  dewaxing  a  heavy  h y d r o c a r b o n  

o i l   which  comprises   c o n t a c t i n g   the  o i l   with  a  c a t a l y s t   c o m p r i s i n g  

z e o l i t e   b e t a .  

2.  A  p r o c e s s   a c c o r d i n g   to  claim  1,  in  which  the  o i l   i s  

c o n t a c t e d   in  the  p r e sence   of  hydrogen  with  a  c a t a l y s t   compr is ing   ( i )  

z e o l i t e   beta  as  an  a c i d i c   component  and  ( i i )   a  h y d r o g e n a t i o n  

componen t .  

3 .  A   p roces s   a cco rd ing   to  claim  2,  in  which  the  z e o l i t e  

beta   has  a  s i l i c a : a l u m i n a   r a t i o   g r e a t e r   than  5 0 : 1 .  

4.  A  p roces s   a cco rd ing   to  claim  2  or  claim  3,  in  which  t h e  

h y d r o g e n a t i o n   component  compr ises   n i c k e l ,   t u n g s t e n ,   c o b a l t ,  

molybdenum  or  a  mixture   of  any  two  or  more  such  m e t a l s .  

5.  A  p rocess   a cco rd ing   to  claim  4,  in  which  t h e  

h y d r o g e n a t i o n   component  compr ises   n i cke l   and  t u n g s t e n .  

6.  A  p rocess   a cco rd ing   to  claim  2  or  claim  3,  in  which  t h e  

h y d r o g e n a t i o n   component  compr ises   p l a t inum,   pa l l ad ium,   i r i d i u m ,  

rhodium  or  a  combina t ion   of  any  two  or  more  such  m e t a l s .  

7.  A  p rocess   a cco rd ing   to  any  one  of  c la ims  1  to  6,  i n  

which  the  o i l   has  an  i n i t i a l   b o i l i n g   poin t   above  290°C.  

8.  A  p rocess   acco rd ing   to  claim  7,  in  which  the  o i l   has  a n  

i n i t i a l   b o i l i n g   p o i n t . a b o v e   3400C. 



9.  A  p roces s   accord ing   to  c la im  8,  in  which  the  o i l   has  a  

b o i l i n g   po in t   from  340°  to  565°C. 

10.  A  p rocess   accord ing   to  any  one  of  c la ims   2  to  9,  i n  

which  the  o i l   is  c o n t a c t e d   with  the  c a t a l y s t   in  the  p r e s e n c e   o f  

hydrogen  gas  at  a  t e m p e r a t u r e   of  230°C  to  500°C,  a  p r e s s u r e   of  500 

to  20,000  kPa,  a  space  v e l o c i t y   of  0.1  to  20  and  a  h y d r o g e n  

c i r c u l a t i o n   r a t e   of  10  to  3500  n . 1 . 1 - 1 .  
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