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Overnight  Cloud  Point  test.  Conversion  during  the  hyd- 
roisomerization  is  minimized  so  as  to  obtain  a  product  of 
high  clarity  in  good  yield. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  method  of  n y d r o f i n i s h i n g  

c a t a l y t i c a l l y   hydrodewaxed  l u b r i c a t i n g   o i l   s t o c k s   ( lube  o i l )   by  t h e  

h y d r o i s o m e r i z a t i o n   of  the  r e s i d u a l   wax  c o n t e n t   which  has  not   b e e n  

removed  by  the  dewaxing  p r o c e s s .  

C a t a l y t i c   dewaxing  of  hyd roca rbon   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  h y d r o c a r b o n s   occurs   is  a  known 

p r o c e s s   and  i s   d e s c r i b e d ,   for   example,   in  the  Oil  and  Gas  J o u r n a l ,  

January   6,  1975,  pages  69-73.   A  number  of  p a t e n t s   have  a l so   i s s u e d  

d e s c r i b i n g   c a t a l y t i c   d e w a x i n g  p r o c e s s e s ,   for   example,   U.S.  R e i s s u e  

P a t e n t   No.  28 ,398   d e s c r i b e s   a  p roce s s   for   c a t a l y t i c   dewaxing  with  a  

c a t a l y s t   c o m p r i s i n g  a   z e o l i t e   of  the  ZSM-5  type  and  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.   A  p r o c e s s   for  h y d r o -  

dewax ing  a   gas  o i l   w i t h   a  ZSM-5  type  c a t a l y s t   is  a l so   d e s c r i b e d   i n  

U.S.  P a t e n t   No.  3 , 9 5 6 , 1 0 2 .   A  morden i t e   c a t a l y s t   c o n t a i n i n g   a  Group  VI 

or  a  Group  VIII   m e t a l   may  be  used  to  dewax  a  low  V . I .   d i s t i l l a t e   f rom 

a   waxy  c rude ,   as  d e s c r i b e d   in  U.S.  P a t e n t   No.  4 , 1 0 0 , 0 5 6 .   U.S.  P a t e n t  

N o .  3 , 7 5 5 , 1 3 8   d e s c r i b e s   a  p rocess   for  mild  s o l v e n t   dewaxing  to  r emove  

high  q u a l i t y   wax  from  a  lube  s tock ,   which  is   then  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 .  

C a t a l y t i c   dewaxing  p r o c e s s e s   may  be  fo l lowed   by  o t h e r  

p r o c e s s i n g   s t e p s   such  as  h y d r o d e s u l f u r i z a t i o n   and  d e n i t r o g e n a t i o n   i n  

order   to  improve  the  q u a l i t i e s   of  the  p r o d u c t .   For  example,   U . S .  

P a t e n t   No.  3 , 6 6 8 , 1 1 3   d e s c r i b e s   a  c a t a l y t i c   dewaxing  p roce s s   e m p l o y i n g  

a  morden i t e   dewaxing  c a t a l y s t   which  is  f o l l owed   by  a  c a t a l y t i c  

h y d r o d e s u l f u r i z a t i o n   s tep   over  an  a l u m i n a - b a s e d   c a t a l y s t .   U.S.  P a t e n t  

No.  3 , 8 9 4 , 9 3 8   d e s c r i b e s   a  hydrodewaxing  p r o c e s s   using  a  ZSM-5  t y p e  

c a t a l y s t   which  is   f o l lowed   by  c o n v e n t i o n a l   h y d r o d e s u l f u r i z a t i o n   of  t h e  

d e w a x e d  i n t e r m e d i a t e .  



In  c a t a l y t i c   dewaxing  p r o c e s s e s   u s ing   shape  s e l e c t i v e  

c a t a l y s t s   such  as  ZSM-5,  the  waxy  components   p a r t i c u l a r l y   t h e  

n - p a r a f f i n s ,   a re   c r a c k e d   by  the  z e o l i t e   i n t o   l i g h t   gases ,   such  as  C1 
and  C3  and  some  h e a v i e r   o l e f i n i c   f r a g m e n t s   which  remain  in  the  l u b e  

o i l   b o i l i n g   r a n g e .   These  o l e f i n i c   f r a g m e n t s   are  u n s t a b l e   to  o x i d a t i o n  

so  t h a t   the  hydrodewaxed  o i l  i s   s u b s e q u e n t l y   h y d r o g e n a t e d   o v e r  

c a t a l y s t   to  s a t u r a t e   the  o l e f i n s   and  improve  the  o x i d a t i o n   s t a b i l i t y  

of  the  o i l .   The  h y d r o g e n a t i o n   c a t a l y s t s   g e n e r a l l y   used  are  m i l d  

h y d r o g e n a t i o n   c a t a l y s t s  s u c h   as  CoMo/Al2O3  t ype .   The  co lor   of  t h e  

o i l   may  a l s o   be  improved  in  t h i s   h y d r o f i n i s h i n g .  

The  waxy  components   in  heavy  lube  f r a c t i o n s ,   p a r t i c u l a r l y  

b r i g h t   s t o c k ,   c o n t a i n   not  only  the  n o r m a l   p a r a f f i n s ,   but  a lso   s l i g h t l y  

b r anched   p a r a f f i n s   and  c y c l o p a r a f f i n s .   In  the  b r i g h t   s tock ,   t h e  

normal   p a r a f f i n s   compr i se   the  s o - c a l l e d   m i c r o c r y s t a l l i n e   wax  while   t h e  

s l i g h t l y   b r anched   p a r a f f i n s   and  c y c l o p a r a f f i n s   compr ise   s o - c a l l e d  

p e t r o l a t u m   wax.  When  a  shape  s e l e c t i v e   c a t a l y s t   such  as  HZSM-5  i s  .  

used,   the  m i c r o c r y s t a l l i n e   wax  c r a c k s   much  f a s t e r   than  the  p e t r o l a t u m  

.wax.  As  a  r e s u l t ,   when  s u f f i c i e n t   m i c r o c r y s t a l l i n e   wax  is   c racked   t o  

meet  the  pour  p o i n t   r e q u i r e m e n t   of ,   for   example ,   -7°C,  t h e r e   is  s t i l l  

some  p e t r o l a t u m   wax  l e f t . .   This  smal l   amount  of  p e t r o l a t u m   wax  d o e s  

not  impa i r   pour  p o i n t   s p e c i f i c a t i o n   but  i t   makes  the  o i l   f a i l   a n  

o v e r n i g h t   c l o u d   p o i n t   (OMC)  t e s t   (ASTM  D - 2 5 0 0 - 6 6 ) .  

The  o v e r n i g h t   c loud  p o i n t   t e s t   is   c o n d u c t e d   by  p l a c i n g   t h e  

f i n i s h e d   o i l   o v e r n i g h t   in  a  r e f r i g e r a t o r   s e t   at  5.5°C  (10°F)  above  t h e  

pour  p o i n t   s p e c i f i e d ,   for   example  -7°C  ( 2 0 ° F ) .   An  o i l   sample  p a s s e s  

the  t e s t   i f   i t   r ema ins   c l e a r   and  b r i g h t ,   but  some  o i l s ,   p a r t i c u l a r l y  

hydrodewaxed  o i l   become  du l l   due  to  growth  of  wax  c r y s t a l s ,   and  f a i l  

the  t e s t .   The  o i l   f a i l s   the  o v e r n i g h t   c loud   t e s t   as  soon  as  the  wax 

c r y s t a l s   n u c l e a t e   and  grow  to  s u f f i c i e n t   s i z e s   of  0.05  to  0.5  m i c r o n s .  

I f   the  s e v e r i t y   of  the  dewaxing  is  i n c r e a s e d   s i g n i f i c a n t l y ,  

the  p r o d u c t   can  be  made  to  meet  the  o v e r n i g h t   c loud  po in t   (ONC) 

t e s t .   For  i n s t a n c e ,   d e c r e a s i n g   the  p r o d u c t   pour  p o i n t   to  - 2 3 ° C  

( -10°F)   by  i n c r e a s i n g   t e m p e r a t u r e   or  d e c r e a s i n g   space  v e l o c i t y ,   c a n  

produce   a  p r o d u c t   t h a t   p a s s e s   the  ONC  t e s t   a t   -1°C  ( 3 0 ° F ) .  



However,  t h i s   d e c r e a s e   in  pour  p o i n t   l e a d s   to  i n c r e a s e d   cos t   b e c a u s e  

of  r e a c t i o n   s e v e r i t y   and,  p a r t i c u l a r l y ,   to  d e c r e a s e d   y i e l d .  
I t   would  t h e r e f o r e   be  d e s i r a b l e   to  f ind   some  way  of  i m p r o v i n g  

the   q u a l i t y   of  the  c a t a l y t i c a l l y   dewaxed  p roduc t   so  t h a t   i t   is  c a p a b l e  

of  p a s s i n g   the  ONC  t e s t   w i t h o u t   i n c u r r i n g   the  d i s a d v a n t a g e s   of  a  

h i g h e r   s e v e r i t y  d e w a x i n g   and,  in  p a r t i c u l a r ,   to  avoid  the  l o s s e s   i n  

y i e l d   c o n c o m i t a n t   upon  such  a  t r e a t m e n t .  

We  have  now  found  t h a t   much  of  the  p e t r o l a t u m   wax  can  b e  

c o n v e r t e d   to  more  s o l u b l e   i somer s   by  h y d r o i s o m e r i z a t i o n   under  m i l d  

c o n d i t i o n s   w i t h  l i t t l e   l o s s   in  y i e l d .   This  t r e a t m e n t   r e s u l t s   in  a  

p r o d u c t   which  has  a  markedly   improved  o v e r n i g h t   c loud  po in t   (a  l o w e r  

c loud  po in t   t e m p e r a t u r e ) .   The  h y d r o f i n i s h e d   p r o d u c t s   are  a l s o  

c h a r a c t e r i z e d   by  improved  o x i d a t i o n   s t a b i l i t y   and  r e l a t i v e   f r e e d o m  

from  c o l o r   bod ie s .   These  improvements   are  o b t a i n e d ,   moreover ,   w i t h  

only  minimal  l o s s e s   in  the  y i e l d   of  the  f i n i s h e d   o i l .  

According  to  the  p r e s e n t   i n v e n t i o n ,   t h e r e   i s   t h e r e f o r e  

p r o v i d e d   a  p roces s   for  h y d r o f i n i s h i n g   a  c a t a l y t i c a l l y   dewaxed  o i l   i n  

which  the  r e s i d u a l   wax  c o n t e n t   of  the  dewaxed  o i l   is  i s o m e r i z e d   over  a  

h y d r o i s o m e r i z a t i o n  c a t a l y s t .   The  c a t a l y s t   used  in  t h i s   p r o c e s s   is  a  
b i f u n c t i o n a l   c a t a l y s t   having   both  h y d r o g e n a t i o n   and  a c i d i c  

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

m a t e r i a l   such  as  a lumina  or  s i l i c a - a l u m i n a   or,  more  p r e f e r a b l y ,   by  a  

c r y s t a l l i n e   z e o l i t e .   The  h y d r o g e n a t i o n   component  w i l l   be  a  metal   s u c h  

as  p l a t i n u m ,   p a l l a d i u m ,   n i c k e l ,   c o b a l t   or  molybdenum  or  a  mix tu re   o f  

t h e s e   m e t a l s .  

.  The  i s o m e r i z a t i o n   is  c a r r i e d   out  in  the  p r e s e n c e   of  h y d r o g e n  
under   i s o m e r i z a t i o n   c o n d i t i o n s   of  e l e v a t e d   t e m p e r a t u r e   and  p r e s s u r e ,  

t y p i c a l l y   from  200°C  to  450°C  (392°F  to  842°F) ,   400  to  25,000  kPa  (58  

to  3626  ps ig)   with  space  v e l o c i t i e s   of  0.1  to  10  hr-1  LHSV. 



The  f e e d s t o c k   for   the   p r e s e n t   i s o m e r i z a t i o n   p r o c e s s   is  a  

c a t a l y t i c a l l y   dewaxed  o i l   which  t y p i c a l l y   has  a  b o i l i n g   p o i n t   a b o v e  

the   d i s t i l l a t e   range  (above   about   343°C  ( 6 5 0 ° F ) ) .   P r o d u c t s  o f   t h i s  

k ind   a re   l u b r i c a t i n g   ( l u b e )   o i l   s t o c k s   which  p o s s e s s   a  

c h a r a c t e r i s t i c a l l y   low  c o n t e n t   of  n - p a r a f f i n s   but   c o n t a i n i n g   r e s i d u a l  

s m a l l  q u a n t i t i e s   of  s l i g h t l y   b r anched   cha in   p a r a f f i n s   a n d  

c y c l o p a r a f f i n s   which  a re   r e s p o n s i b l e   for  u n a c c e p t a b l e   r e s u l t s  i n   t h e  

ONC  t e s t .   The  c o n t e n t   of  t h e s e   p e t r o l a t u m   waxes  is  t y p i c a l l y   in  t h e  

r ange   0.5  to  5  p e r c e n t   by  we igh t   of  the  o i l   but  s l i g h t l y   h ighe r   o r  -  

lower   c o n t e n t s   may  be  e n c o u n t e r e d ,   depending   upon  the  n a t u r e   of  t h e  

f e e d s t o c k   to  the  dewaxing  s t e p   and  the  c o n d i t i o n s   ( c a t a l y s t   s e v e r i t y )  

used  in  the  dewaxing.   T y p i c a l   b o i l i n g   ranges   for  lube   s t o c k s   wi l l   b e  

over   345°C  depend ing   upon  the  g r a d e s .  

The  p r e s e n t   p r o c e s s   is  a p p l i c a b l e   to  s t o c k s   o t h e r   than  l u b e -  

s t o c k s   when  a  low  wax  c o n t e n t   is   d e s i r e d   in  the  f i n a l   p roduc t   and,  i n  

p a r t i c u l a r ,   when  a  p r o d u c t   p a s s i n g   a  t e s t   s i m i l a r   to  ONC is  d e s i r e d .  

Thus,   the  p r o c e s s   may  a l s o   be  a p p l i e d   to  c a t a l y t i c a l l y   dewaxed 

d i s t i l l a t e   range  m a t e r i a l s   such  as  h e a t i n g   o i l s ,   j e t   f u e l s   and  d i e s e l  

f u e l s .  

The  c a t a l y t i c a l l y   dewaxed  o i l   may  be  p roduced   by  any  kind  o f  

c a t a l y t i c   dewaxing  p r o c e s s ,   for   example,   p r o c e s s e s   of  the  k i n d  

d e s c r i b e d   in  U.S.  P a t e n t s   Nos.  3 , 6 6 8 , 1 1 3   and  4 , 1 1 0 , 0 5 6   but  i s  -  

e s p e c i a l l y   u s e f u l   with  o i l s   p roduced   by  dewaxing  p r o c e s s e s   us ing  s h a p e  

s e l e c t i v e   c a t a l y s t s   such  as  ZSM-5  or  ZSM-11,  ZSM-23,  ZSM-35,  o r  

ZSM-38.  Dewaxing  p r o c e s s e s   us ing   c a t a l y s t s   of  t h i s   kind  a r e  

d e s c r i b e d ,   for   example,   in  U.S.  P a t e n t s   Nos.  Re.  28 ,398 ,   3 , 9 5 6 , 1 0 2 ,  

3 , 7 5 5 , 1 3 8   and  3 , 8 9 4 , 9 3 8   to  w h i c h  r e f e r e n c e   is  made  for  d e t a i l s   of  s u c h  

p r o c e s s e s .   S ince   dewaxing  p r o c e s s e s   of  t h i s   kind  are   i n v a r i a b l y  

o p e r a t e d   in  the  p r e s e n c e  o f   hydrogen  they  are  f r e q u e n t l y   r e f e r r e d   t o  

as  hydrodewaxing   p r o c e s s e s   and,  for   t h i s   r e a s o n ,   the  dewaxed  o i l   may 
be  o b t a i n e d   from  a  p r o c e s s   which  may  be  d e s c r i b e d   e i t h e r   as  c a t a l y t i c  

dewaxing  or  c a t a l y t i c   h y d r o d e w a x i n g .   For  c o n v e n i e n c e ,   the   t e r m  



" c a t a l y t i c   dewaxing"  w i l l   be  used  in  t h i s   s p e c i f i c a t i o n   to  cover   b o t h  

d e s i g n a t i o n s .   When  used  in  c o m b i n a t i o n   with  the  p r e s e n t  

h y d r o f i n i s h i n g   p r o c e s s ,   the  c a t a l y t i c   dewaxing  s tep  need  not  b e  

o p e r a t e d   at   such  s eve re   c o n d i t i o n s   as  would  former ly   have  b e e n  

n e c e s s a r y   in  o rder   to  meet  a l l   p r o d u c t   s p e c i f i c a t i o n s  -   e s p e c i a l l y   t h e  

pour  p o i n t   and  the  ONC  s p e c i f i c a t i o n  -  b e c a u s e   the  p r e s e n t   p r o c e s s  

w i l l   improve  the  q u a l i t y   of  the   p r o d u c t   and,  in  p a r t i c u l a r ,   w i l l  

improve  i t s   pour  po in t   and  0NC  p e r f o r m a n c e   and  s t a b i l i t y .   However,  i f  

d e s i r e d ,   the  c a t a l y t i c a l l y   dewaxed  o i l   may  be  h y d r o d e s u l f u r i z e d   o r  

d e n i t r o g e n a t e d   p r i o r   t o   t h e  p r e s e n t   h y d r o f i n i s h i n g   s tep   in  o r d e r   t o  

remove  h e t e r o c y c l i c   c o n t a m i n a n t s   which  might  o t h e r w i s e   a d v e r s e l y  

a f f e c t   c a t a l y s t   p e r f o r m a n c e .   H y d r o t r e a t i n g   s t eps   of  t h i s   kind  a r e  

d e s c r i b e d ,   for   example,   in  U.S.  P a t e n t s   Nos.  3 ,668 ,113   and  3 , 8 9 4 , 9 3 8  

to  which  r e f e r e n c e   is  made  for  d e t a i l s   o f .  t he se   s t e p s .  

The  c a t a l y s t s   used  in  the   p r e s e n t   h y d r o f i n i s h i n g   p r o c e s s   a r e  

h y d r o i s o m e r i z a t i o n   c a t a l y s t s   which  c o m p r i s e , a h   a c i d i c   component   and  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  ( r e f e r r e d   to ,   for   c o n v e n i e n c e ,  

as  a  h y d r o g e n a t i o n   component)  which  is   g e n e r a l l y   a  meta l   or  m e t a l s   o f  

Groups  IB,  IIB,  VA,  VIA  or  VIIIA  of  the  P e r i o d i c   Table  (IUPAC  and  U . S .  

N a t i o n a l   Bureau  of  S t a n d a r d s   app roved .  Tab l e   as   shown,  for   example ,   i n  

the  Char t   of  the  F i s h e r   S c i e n t i f i c   Company,  Catalog  No.  5 - 7 0 2 - 1 0 ) .  

T h e   p r e f e r r e d   h y d r o g e n a t i o n   components   are  the  noble  m e t a l s   of  Group 

VIIIA,  e s p e c i a l l y   p l a t i num  but  o t h e r   noble  metals   such  as  p a l l a d i u m ,  

gold ,   s i l v e r ,   rhenium  or  rhodium  may  a l so   be  used.  C o m b i n a t i o n s   o f  

noble  me ta l s   such  as  p l a t i n u m - r h e n i u m ,   p l a t i n u m - p a l l a d i u m ,  

p l a t i n u m - i r i d i u m   or  p l a t i n u m - i r i d i u m - r h e n i u m   t o g e t h e r   w i t h  

c o m b i n a t i o n s   with  non-nob le   m e t a l s ,   p a r t i c u l a r l y   of  Groups  VIA  a n d  

VIIIA  are  of  i n t e r e s t ,   p a r t i c u l a r l y   with  meta ls   such  as  c o b a l t ;  

.  n i c k e l ,   vanadium,  t u n g s t e n ,   t i t a n i u m   and  molybdenum,  for   e x a m p l e ,  

p l a t i n u m - t u n g s t e n ,   p l a t i n u m - n i c k e l   or  p l a t i n u m - n i c k e l - t u n g s t e n .   B a s e  

metal   h y d r o g e n a t i o n   components  may  a l so   be  used,  e s p e c i a l l y   n i c k e l ,  

c o b a l t ,   molybdenum,  t u n g s t e n ,   copper   or  z inc .   Combina t ions   of  b a s e  

meta l s   such  as  c o b a l t - n i c k e l ,   c o b a l t - m o l y b d e n u m ,   n i c k e l - t u n g s t e n ,  



c o b a l t - n i c k e l - t u n g s t e n   or  c o b a l t - n i c k e l - t i t a n i u m   may  a l s o   be  u s e d .  

Because   the   i s o m e r i z a t i o n   which  is  d e s i r e d   is  f a v o r e d   by  s t r o n g  

h y d r o g e n a t i a n   a c t i v i t y   in  the  c a t a l y s t ,   the   more  a c t i v e   noble   m e t a l s  

such  as  p l a t i n u m   and  p a l l a d i u m   w i l l   no rmal ly   be  p r e f e r r e d   over  t h e  

l e s s   a c t i v e   base  m e t a l s .  

The  metal   may  be  i n c o r p o r a t e d   i n to   the  c a t a l y s t   by  a n y  
s u i t a b l e   method  such  as  i m p r e g n a t i o n   or  exchange  onto   the  z e o l i t e .  

The  me ta l   may  be  i n c o r p o r a t e d   in  the  form  of  a  c a t i o n i c ,   a n i o n i c   o r  

n e u t r a l   complex,   such  as  Pt(NH3)2+4,  and  c a t i o n i c   complexes   o f  

t h i s   type   w i l l   be  found  c o n v e n i e n t   for  exchang ing   m e t a l s   onto  t h e  

z e o l i t e .   An ion ic   complexes   are  a l s o   u s e f u l   for  i m p r e g n a t i n g   m e t a l s  

i n t o   the   z e o l i t e s .  

The  amount  of  the   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   i s  

s u i t a b l y   from  0.01  to  10  p e r c e n t   by  we igh t ,   n o r m a l l y   0.1  t o  5   p e r c e n t  

by  w e i g h t ,   a l t h o u g h   t h i s   w i l l ,   of  c o u r s e ,   vary  with  the  n a t u r e   of  t h e  

component ,   l e s s   of  the  h i g h l y   a c t i v e   noble   m e t a l s ,   p a r t i c u l a r l y  

p l a t i n u m ,   be ing   r e q u i r e d   than   of  the  l e s s   a c t i v e   m e t a l s .  

The  a c i d i c   component  of  the   z e o l i t e   may  b e  p o r o u s   amorphous  

m a t e r i a l   such  as  an  a c i d i c   c l a y ,   a l u m i n a ,  o r   s i l i c a - a l u m i n a   but  t h e  

p o r o u s ,   c r y s t a l l i n e   z e o l i t e s   are  p r e f e r r e d .   The  c r y s t a l l i n e   z e o l i t e  

c a t a l y s t s   used  in  the  c a t a l y s t   compr i se   a  t h r e e   d i m e n s i o n a l   l a t t i c e   o f  

SiO4  t e t r a h e d r a   c r o s s l i n k e d   by  the  s h a r i n g   of  oxygen  atoms  and  w h i c h  

may  o p t i o n a l l y   c o n t a i n   o t h e r   atoms  in  the  l a t t i c e ,   e s p e c i a l l y   a luminum 

in  the   form  of  A104  t e t r a h e d r a ;   the  z e o l i t e   w i l l   a l s o   i n c l u d e   a  

s u f f i c i e n t   c a t i o n i c   complement   to  b a l a n c e   the  n e g a t i v e   charge   on  t h e  

l a t t i c e .   Z e o l i t e s   have  a  c r y s t a l   s t r u c t u r e   which  is   c a p a b l e   o f  

r e g u l a t i n g   the  a cce s s   to  an  e g r e s s   from  the  i n t r a c r y s t a l l i n e   f r e e  

s p a c e .  T h i s  c o n t r o l ,   which  is  e f f e c t e d   by  the  c r y s t a l  s t r u c t u r e  

i t s e l f ,   is   dependen t   both  upon  the  m o l e c u l a r   c o n f i g u r a t i o n   of  t h e  

m a t e r i a l   which  is  or,   a l t e r n a t i v e l y ,   is  not ,   to  have  a c c e s s   to  t h e  

i n t e r n a l   s t r u c t u r e   of  the  z e o l i t e   and  a l so   upon  the  s t r u c t u r e   of  t h e  

z e o l i t e   i t s e l f .   The  po re s   of  the   z e o l i t e   are  in  the  form  of  r i n g s  

which  are   formed  by  the  r e g u l a r   d i s p o s i t i o n   of  the  t e t r a h e d r a   making 

up  the  a n i o n i c   framework  of  the  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 ,   t h e  

oxygen  atoms  t h e m s e l v e s   be ing   bonded  to  the  s i l i c o n   or  aluminum  a toms  



at   the  c e n t e r s   of  the  t e t r a h e d r a .   A  c o n v e n i e n t   measure  of  the  e x t e n t  

to  which  a  z e o l i t e   p r o v i d e s   t h i s   c o n t r o l   for   m o l e c u l e s   of  v a r y i n g  

s i z e s   to  i t s   i n t e r n a l   s t r u c t u r e   is  p r o v i d e d   by  the  C o n s t r a i n t   Index  o f  

the  z e o l i t e :   z e o l i t e s   which  p rov ide   but  h i g h l y   r e s t r i c t e d   a c c e s s   t o  

and  e g r e s s   from  the  i n t e r n a l   s t r u c t u r e   have  a  high  value  for  t h e  

C o n s t r a i n t   Index  and  z e o l i t e s   of  t h i s   kind  u s u a l l y   have  pores   of  s m a l l  

s i z e .   C o n t r a r i w i s e ,   z e o l i t e s   which  p r o v i d e   r e l a t i v e l y   f ree   a c c e s s   t o  

the  i n t e r n a l   z e o l i t e   s t r u c t u r e   have  a  low  v a l u e   for  the  C o n s t r a i n t  

Index.   The  method  by  which  C o n s t r a i n t   Index  i s   de t e rmined   i s  

d e s c r i b e d   f u l l y   in  U.S.  , P a t e n t   4 , 016 ,218   to  which   r e f e r e n c e   is  made 

for  d e t a i l s   of  the  method  t o g e t h e r   with  examples   o f - C o n s t r a i n t   I n d e x  

f o r  s o m e   t y p i c a l   z e o l i t e s .   Because  C o n s t r a i n t   Index  is  r e l a t e d   to  t h e  

c r y s t a l l i n e   s t r u c t u r e   of  the  z e o l i t e   but  i s   n e v e r t h e l e s s   d e t e r m i n e d   b y  

means  of  a  t e s t   which  e x p l o i t s   the  c a p a c i t y   of  the   z e o l i t e   to  e n g a g e  

i n   a  c r a c k i n g   r e a c t i o n ,   t h a t   i s ,  a   r e a c t i o n   d e p e n d e n t   upon  t h e  

p o s s e s s i o n   of  a c i d i c   s i t e s   and  f u n c t i o n a l i t y   in  the  z e o l i t e ,   t h e  

sample  of  z e o l i t e   used  in  the  t e s t   should   be  r e p r e s e n t a t i v e   o f  

z e o l i t i c   s t r u c t u r e - w h o s e   C o n s t r a i n t   Index  is  to  be  d e t e r m i n e d   a n d  

shou ld   a l so   p o s s e s s   r e q u i s i t e   a c i d i c   f u n c t i o n a l i t y   for  the  t e s t .  

Ac id ic   f u n c t i o n a l i t y   may,  of  cou r se ,   be  v a r i e d   by  a r t i f i c e s   i n c l u d i n g  

base  exchange ,   s t eaming   or  c o n t r o l   of  s i l i c a : a l u m i n a  r a t i o .  

A  wide  v a r i e t y   of  a c i d i c   z e o l i t e s   may  be  used  in  the  p r e s e n t  

i n c l u d i n g   l a r g e - p o r e   z e o l i t e s   such  as  n a t u r a l   f a u j a s i t e ,   m o r d e n i t e ,  

z e o l i t e   X,  z e o l i t e   Y,  ZSM-20  and  z e o l i t e   b e t a ,   smal l   pore  z e o l i t e s  

such  as  z e o l i t e   A  and  z e o l i t e s   which  are  c h a r a c t e r i z e d  b y   a  C o n s t r a i n t  

Index  from  1  to  12  and  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   1 2 : 1 .  

S p e c i f i c   z e o l i t e s   having  a  C o n s t r a i n t   Index  of  1  to  12  and  

s i l i c a : a l u m i n a   r a t i o   i n c l u d e   ZSM-5,  ZSM-ll,   ZSM-12,  ZSM-35  and  ZSM-38 

which  are  d i s c l o s e d ,   r e s p e c t i v e l y ,   in  U.S.  P a t e n t   Nos.  3 , 7 0 2 , 8 8 6 ;  

3 , 7 0 9 , 9 7 9 ;   3 , 8 3 2 , 4 4 9 ;   4 , 016 ,245   and  4 , 0 4 6 , 8 5 9 .   Of  them,  ZSM-5  i s  

p r e f e r r e d .   Highly  s i l i c e o u s   forms  of  ZSM-11  a re   d e s c r i b e d   in  E u r o p e a n  

P a t e n t   P u b l i c a t i o n   No.  14059  and  of  ZSM-12  in  European  P a t e n t  

P u b l i c a t i o n   No.  13630.  Re fe rence   is  made  to  t h e s e   p a t e n t s   and  

a p p l i c a t i o n s   for   d e t a i l s   of  these   z e o l i t e s   and  t h e i r   p r e p a r a t i o n .  



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  in  t h i s   s p e c i f i c a t i o n  

a r e   the   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   for  t h e  

S1O4  to  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   t h e  -  

s t r u c t u r e   of  which  the  z e o l i t e   is  composed.  This  r a t i o   may  vary  f rom 

the   s i l i c a : a l u m i n a   r a t i o   d e t e r m i n e d   by  v a r i o u s   p h y s i c a l   and  c h e m i c a l  

m e t h o d s .   For  example ,   a  g r o s s   chemica l   a n a l y s i s   may  i n c l u d e   a luminum 

which  i s   p r e s e n t   in  the  form  of  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   g iv ing   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   d e t e r m i n e d   by  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  o b t a i n e d  

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

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 r o u b l e s o m e   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   methods  d e s c r i b e d   b e l o w  

which  r e s u l t   in  the  p r e s e n c e   of  i o n i c   aluminum  f r ee   of  the  z e o l i t e  

s t r u c t u r e   a r e   employed.   Due  ca re   should   t h e r e f o r e   be  taken   to  e n s u r e  

t h a t   t h e  f r a m e w o r k   s i l i c a : a l u n 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 .  

Large  pore  z e o l i t e s   such  as  z e o l i t e s   Y,  ZSM-20  and  be ta   a r e  
u s e f u l  i n   the  p r e s e n t   p r o c e s s .   Z e o l i t e s   of  t h i s   kind  w i l l   n o r m a l l y  

have  a  C o n s t r a i n t   I n d e x  o f   l e s s   than  1.  They  may  be  used  on  t h e i r   own 

or  in  c o m b i n a t i o n   with  a  z e o l i t e   having  a  C o n s t r a i n t   Index  of  1  to  12  

and  such  c o m b i n a t i o n s   may  produce   p a r t i c u l a r l y   d e s i r a b l e   r e s u l t s .   A 

c o m b i n a t i o n   of  z e o l i t e s   Y  and  ZSM-5  has  been  found  to  be  e s p e c i a l l y  

g o o d .  

Z e o l i t e   b e t a   is  d i s c l o s e d   in  U.S.  P a t e n t  N o .  3 , 3 0 8 , 0 6 9   t o  

which  r e f e r e n c e   is  made  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 .  

When  the  z e o l i t e s   have  been  p r e p a r e d   in  the  p r e sence   o f  

o r g a n i c   c a t i o n s   they  are   c a t a l y t i c a l l y   i n a c t i v e ,   p o s s i b l y   because   t h e  

i n t r a c r y s t a l l i n e   f r ee   space   i s   o c c u p i e d   by  o r g a n i c   c a t i o n s   from  t h e  

fo rming   s o l u t i o n .   They  may  be  a c t i v a t e d   by  h e a t i n g   in  an  i n e r t  

a t m o s p h e r e   at  540°C  fo r   one  hour ,   for   example ,   fo l lowed   by  b a s e  

exchange   with  ammonium  s a l t s   fo l lowed   by  c a l c i n a t i o n   at  540°C  in  a i r .  

The  p r e s e n c e   of  o r g a n i c   c a t i o n s   in  the  forming  s o l u t i o n   may  not  b e  

a b s o l u t e l y   e s s e n t i a l   to  the  f o r m a t i o n   of  the  z e o l i t e ;   but  i t   d o e s  

a p p e a r   to  favor   the  f o r m a t i o n   of  t h i s   s p e c i a l   type  of  z e o l i t e .  



Some  n a t u r a l   z e o l i t e s   may  sometimes  be  c o n v e r t e d   to  z e o l i t e s  

of  the  d e s i r e d   type   by  v a r i o u s   a c t i v a t i o n   p r o c e d u r e s   and  o t h e r  

t r e a t m e n t s   such  as  base  exchange ,   s t eaming ,   a l umina   e x t r a c t i o n   a n d  

c a l c i n a t i o n .  

When  s y n t h e s i z e d   in  the  a l k a l i   meta l   form,  the  z e o l i t e   i s  

c o n v e n i e n t l y  . c o n v e r t e d   to  the  hydrogen  form,  g e n e r a l l y   by  i n t e r m e d i a t e  

f o r m a t i o n   of  the  ammonium  form  as  a  r e s u l t   of  ammonium  ion  e x c h a n g e  

and  c a l c i n a t i o n   of  the  ammonium  fo rm to   y i e l d   the   hydrogen  form.  I t  

h a s  b e e n   found  t h a t   a l t h o u g h   the  hydrogen  form  of  the  z e o l i t e  

c a t a l y z e s   the  r e a c t i o n   s u c c e s s f u l l y ,   the  z e o l i t e   may  a l so   be  p a r t l y   i n  

the  a l k a l i   metal   form  a l t h o u g h   the  s e l e c t i v i t y   to  a l p h a - p i c o l i n e   i s  

lower  with  the  z e o l i t e   in  t h i s   fo rm.  

I t   may  be  d e s i r a b l e   to  i n c o r p o r a t e   the  z e o l i t e  i n   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 e m p e r a t u r e   and  o t h e r   c o n d i t i o n s   employed  i n  

the  p r o c e s s .   Such  m a t r i x   m a t e r i a l s   i n c l u d e   s y n t h e t i c   or  n a t u r a l l y  

o c c u r r i n g   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   or  ge l s   i n c l u d i n g  

m i x t u r e s   of  s i l i c a   and  meta l   ox ides .   N a t u r a l l y   o c c u r r i n g   c l ays   can  b e  

c o m p o s i t e d  w i t h   the  z e o l i t e   and  they  may  be  used  in  the  raw  s t a t e   a s  

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   to  c a l c i n a t i o n ,   ac id   t r e a t m e n t  

or  chemica l   m o d i f i c a t i o n .   A l t e r n a t i v e l y ,   the   z e o l i t e   may  b e  

compos i t ed   with  a  porous   ma t r ix   m a t e r i a l ,   such  as  a l u m i n a ,  

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

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 ,  

s i l i c a - a l u m i n a - m a g n e s i a   or  s i l i c a - m a g n e s i a - z i r c o n i a .   The  ma t r ix   may 

be  in  the  form  of  a  c o g e l . . T h e  r e l a t i v e   p r o p o r t i o n s   of  z e o l i t e  

component  and  i n o r g a n i c   oxide   gel  matr ix   may  vary  widely   with  t h e  

z e o l i t e   c o n t e n t   t y p i c a l l y   r ang ing   from  1  to  99  p e r c e n t   by  weight  a n d  

more  u s u a l l y   in  the  range  of  5  to  80  p e r c e n t   we igh t   of  the  c o m p o s i t e .  

The  ma t r ix   i t s e l f   may  have  c a t a l y t i c   p r o p e r t i e s   of  an  a c i d i c   n a t u r e  

which  may  c o n t r i b u t e   to  the  f u n c t i o n a l i t y   of  the  c a t a l y s t .   Z e o l i t e s  

may  a l so   be  crombined  with  amorphous  c a t a l y s t s   and  o t h e r   p o r o u s  

m a t e r i a l s   such  as  a lumina .   The  combina t ion   of  z e o l i t e s   Y  and  ZSM-5 

with  a lumina  has  been  found  to  be  p a r t i c u l a r l y   d e s i r a b l e .  



The  i s o m e r i z a t i o n   r e a c t i o n   is   one  which  r e q u i r e s   a  r e l a t i v e l y  

smal l   d e g r e e  o f   a c i d i c   f u n c t i o n a l i t y   in  the  c a t a l y s t .   Because  o f  

t h i s ,   the   z e o l i t e   may  h a v e  a   very  high  s i l i c a :  a l u m i n a   r a t i o  s i n c e   t h i s  

r a t i o   is  i n v e r s e l y   r e l a t e d   to  the   ac id   s i t e   d e n s i t y   of  the   c a t a l y s t .  

Thus,  s t r u c t u r a l   s i l i c a : a l u m i n a   r a t i o s   of  50:1  or  h i g h e r   are  p r e f e r r e d  

and  in   f a c t   the   r a t i o   may  be  much  h i g h e r   e . g .   100:1 ,   200 :1 ,   5 0 0 : 1 ,  

1000:1  or  even  h i g h e r .   S ince   z e o l i t e s   are  known  to  r e t a i n   t h e i r  

a c i d i c   f u n c t i o n a l i t y   even  a t   very  high  s i l i c a : a l u m i n a   r a t i o s   of  t h e  

o r d e r   of  2 5 , 0 0 0 : 1 ,   r a t i o s   of  t h i s   magni tude   or  e v e n  h i g h e r   a r e  

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

I f   the  z e o l i t e ' s e l e c t e d   may  be  produced  in  the  d e s i r e d   h i g h l y  

s i l i c e o u s   form  by  d i r e c t   s y n t h e s i s ,   t h i s   w i l l   o f t e n   be  the   m o s t  

c o n v e n i e n t   method  for   o b t a i n i n g   i t .   Z e o l i t e   b e t a ,   for   example ,   i s  

known  to  be  c a p a b l e   of  be ing   s y n t h e s i z e d  d i r e c t l y   in  forms  h a v i n g  

s i l i c a : a l u m i n a   r a t i o s   up  to  100 :1 ,   as  d e s c r i b e d   in  U.S.  P a t e n t s   Nos .  

3 , 3 0 8 , 0 6 9   and  Re  28,341  which  d e s c r i b e   z e o l i t e   b e t a ,   i t s   p r e p a r a t i o n  

and  p r o p e r t i e s   in  d e t a i l .  R e f e r e n c e   is  made  to  t h e s e   p a t e n t s   f o r  

t h e s e   d e t a i l s .   Z e o l i t e   Y,  on  the   o t h e r   hand,  can  be  s y n t h e s i z e d   o n l y  

in  forms  which  have  s i l i c a : a l u m i n a   r a t i o s   up  to  about   5:1  and  in  o r d e r  

to  a c h i e v e   h i g h e r   r a t i o s ,   r e s o r t   may  be  made  to  v a r i o u s   t e c h n i q u e s   t o  

remove  s t r u c t u r a l   aluminum  so  as  to  o b t a i n   a  more  h i g h l y   s i l i c e o u s  

z e o l i t e .   The  same  is   t r u e   of  m o r d e n i t e   which,  in  i t s   n a t u r a l   o r  

d i r e c t l y   s y n t h e s i z e d   form  has  a  s i l i c a : a l u m i n a   r a t i o   of  about   1 0 : 1 .  

Z e o l i t e   ZSM-20  may  be  d i r e c t l y   s y n t h e s i z e d   with  s i l i c a : a l u m i n a   r a t i o s  

of  7:1  o r - h i g h e r ,   t y p i c a l l y   in  the   range  of  7:1  t o . 1 0 : 1 ,   as  d e s c r i b e d  

in  U.S.  P a t e n t s   Nos.  3 , 9 7 2 , 9 8 3   and  4 , 0 2 1 , 3 3 1   to  which  r e f e r e n c e   i s  

made  for   d e t a i l s   of  t h i s   z e o l i t e ,   i t s   p r e p a r a t i o n   and  p r o p e r t i e s .  

Z e o l i t e   ZSM-20  a l so   may  be  t r e a t e d   by  v a r i o u s   methods  to  i n c r e a s e   i t s  

s i l i c a : a l u m i n a   r a t i o .  

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   in  i t s  

a s - s y n t h e s i z e d   form  may  be  e x e r c i s e d   by  an  a p p r o p r i a t e   s e l e c t i o n   o f  

the  r e l a t i v e   p r o p o r t i o n s   of  the   s t a r t i n g   m a t e r i a l s ,   e s p e c i a l l y   t h e  

s i l i c a   and  a lumina   p r e c u r s o r s ,   a  r e l a t i v e l y   s m a l l e r   q u a n t i t y   of  t h e  

a lumina   p r e c u r s o r   r e s u l t i n g   in  a  h i g h e r   s i l i c a : a l u m i n a   r a t i o   in  t h e  

p r o d u c t   z e o l i t e ,   up  to  the  l i m i t  o f   the  s y n t h e t i c   p r o c e d u r e .   I f  



h i g h e r   r a t i o s   are  d e s i r e d   and  a l t e r n a t i v e   s y n t h e s e s   a f f o r d i n g   t h e  

d e s i r e d   high  s i l i c a : a l u m i n a   r a t i o s   are  not  a v a i l a b l e ,   o t h e r   t e c h n i q u e s  

such  as  t hose   d e s c r i b e d   below  may  be  used  in  o rde r   to  p r e p a r e   t h e  

d e s i r e d   h igh ly   s i l i c e o u s   z e o l i t e s .  

A  number  of  d i f f e r e n t   methods  are  known  for  i n c r e a s i n g   t h e  

s t r u c t u r a l   s i l i c a : a l u m i n a  r a t i o   of  v a r i o u s   z e o l i t e s .   Many  of  t h e s e  

methods  r e l y   upon  the  removal   of  aluminum  from  the   s t r u c t u r a l  

framework  of  the  z e o l i t e   by  chemica l   agen ts   a p p r o p r i a t e  t o   t h i s   e n d .  

A  c o n s i d e r a b l e   amount  of  work  on  the  p r e p a r a t i o n   of  aluminum  d e f i c i e n t  

f a u j a s i t e s   has  been  per formed  and  is  rev iewed  in  Advances  in  C h e m i s t r y  

S e r i e s   No.  121,  Molecu la r   S i e v e s ,   G.T.  Kerr ,   American  C h e m i c a l  

S o c i e t y ,   1973.  S p e c i f i c   methods  for  p r e p a r i n g  d e a l u m i n i z e d   z e o l i t e s  

are   d e s c r i b e d   in  the  f o l l o w i n g ,   and  r e f e r e n c e   is   made  to  them  f o r  

d e t a i l s   of  the  method:  C a t a l y s i s   by  Z e o l i t e s   ( I n t e r n a t i o n a l   Symposium 

on  Z e o l i t e s ,   Lyon,  September   9-11,   1980),   E l s e v i e r   S c i e n t i f i c  

P u b l i s h i n g   Co.,  Amsterdam,  1980  ( d e a l u m i n i z a t i o n   of  z e o l i t e   Y  w i t h  

s i l i c o n   t e t r a c h l o r i d e ) ;   U.S.  3 , 4 4 2 , 7 9 5   and  G.B.  1 , 0 5 8 , 1 8 8   ( h y d r o l y s i s  

and  removal   of  aluminum  by  c h e l a t i o n ) ;   G.B.  1 , 0 6 1 , 8 4 7   ( a c i d   e x t r a c t i o n  

of  a luminum);   U.S.  3 , 4 9 3 , 5 1 9   (aluminum  removal  by  s t e a m i n g   a n d  

c h e l a t i o n ) ;   U.S.  3 ,591 ,488   (aluminum  removal  by  s t e a m i n g ) ;   U . S .  

4 , 2 7 3 , 7 5 3   ( d e a l u m i n i z a t i o n   by  s i l i c o n   h a l i d e s   and  o x y h a l i d e s ) ;   U .S .  

3 , 6 9 1 , 0 9 9   (aluminum  e x t r a c t i o n  w i t h   a c i d ) ;   U.S.  4 , 0 9 3 , 5 6 0  

( d e a l u m i n i z a t i o n   by  t r e a t m e n t   with  s a l t s ) ;   U.S.  3 , 9 3 7 , 7 9 1   ( a luminum 

removal   with  C r ( I I I )   s o l u t i o n s ) ;   U.S.  3 , 5 0 6 , 4 0 0  ( s t e a m i n g   fo l lowed  b y  

c h e l a t i o n ) ;   U.S.  3 ,640 ,681   ( e x t r a c t i o n   of  aluminum  w i t h  

a c e t y l a c e t o n a t e   fo l lowed  by  d e h y d r o x y l a t i o n ) ;   U.S.  3 , 8 3 6 , 5 6 1   ( r e m o v a l  

o f -a luminum  with  a c i d ) ;   DE-OS  2 , 5 1 0 , 7 4 0   ( t r e a t m e n t   of  z e o l i t e   w i t h  

c h l o r i n e   or  c h l o r i n e - c o n t r a r y   gases   at  high  t e m p e r a t u r e s ) ,   NL 

7 , 6 0 4 , 2 6 4   ( ac id   e x t r a c t i o n ) ,   JA  53 ,101 ,003   ( t r e a t m e n t   with  EDTA  o r  

o t h e r   m a t e r i a l s   to  remove  aluminum)  and  J.  C a t a l y s i s   54  295  ( 1 9 7 8 )  

( h y d r o t h e r m a l   t r e a t m e n t   fo l lowed   by  acid  e x t r a c t i o n ) .  

Because  of  t h e i r   c o n v e n i e n c e   and  p r a c t i c a l i t y   the  p r e f e r r e d  

d e a l u m i n i z a t i o n   methods  f o r  p r e p a r i n g   the  p r e s e n t   h i g h l y   s i l i c e o u s  

z e o l i t e s   are  those   which  r e l y   upon  acid  e x t r a c t i o n   of  t h e  a l u m i n u m  

from  the  z e o l i t e   by  c o n t a c t i n g   the  z e o l i t e   with  a n  a c i d ,   p r e f e r a b l y   a  



m i n e r a l   a c i d   such  as  h y d r o c h l o r i c   a c i d .   With  z e o l i t e   be ta   t h e  

d e a l u m i n i z a t i o n   p r o c e e d s   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  o c c u r s   with  minimal  l o s s e s   in  c r y s t a l l i n i t y ,   to  f o r m  

h igh   s i l i c a   forms  of  z e o l i t e   be t a   with  s i l i c a : a l u m i n a   r a t i o s   of  a t  

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

a t t a i n a b l e .  

Highly  s i l i c e o u s   forms  of  z e o l i t e   Y  may  be  p r e p a r e d   s t e a m i n g  

or  by  ac id   e x t r a c t i o n   of  s t r u c t u r a l   aluminum  (or   bo th)   but  b e c a u s e  

z e o l i t e   Y  in  i t s   normal ,   a s - s y n t h e s i z e d   c o n d i t i o n ,   is  u n s t a b l e   t o  

a c i d ,   i t   must  f i r s t   be  c o n v e r t e d   to  an  a c i d - s t a b l e   form.  Methods  f o r  

do ing   t h i s   are  known  and  one  of  the   most  common  forms  o f  

a c i d - r e s i s t a n t   z e o l i t e   Y  is   known  as  " U l t r a s t a b l e   Y"  (USY)  which  i s  

d e s c r i b e d   in  U.S.  P a t e n t   Nos.  3 , 2 9 3 , 1 9 2   and  3 , 4 0 2 , 9 9 6   and  t h e  

p u b l i c a t i o n .   S o c i e t y   of  Chemical   E n g i n e e r i n g   (London)  Monograph 

M o l e c u l a r   S i eves ,   page  186  (1968)  by  C.V.  McDaniel  and  P.K.  Maher .  

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

p r e p a r a t i o n .   In  g e n e r a l ,   " u l t r a s t a b l e "   r e f e r s   to  Y-type  z e o l i t e ' w h i c h  

is   h i g h l y   r e s i s t a n t   to  d e g r a d a t i o n   of  c r y s t a l l i n i t y   by  h i g h  

t e m p e r a t u r e   and  steam  t r e a t m e n t   and  is  c h a r a c t e r i z e d   by  a  R 2 O  
c o n t e n t   (where in   R  is   Na,  K  or  any  o t h e r   a k a l i   meta l   ion)  of  l e s s   t h a n  

4  we igh t   p e r c e n t ,   p r e f e r a b l y   l e s s   than  1  we igh t   p e r c e n t ,   and  a  u n i t  

c e l l   s i z e   l e s s   than  24.5   Angs t roms  and   a  s i l i c a   to  a lumina  mole  r a t i o  

in  the   range  of  3.5  to  7  or  h i g h e r .   The  u l t r a s t a b l e   form  of  Y - t y p e  

z e o l i t e   is   o b t a i n e d   p r i m a r i l y   by  a  s u b s t a n t i a l   r e d u c t i o n   of  the   a l k a l i  

me t a l   ions   and  the  u n i t   c e l l   s i z e   r e d u c t i o n   of  the  a l k a l i   metal   i o n s  

and  the   u n i t   c e l l   s i z e   r e d u c t i o n .   The  u l t r a s t a b l e   z e o l i t e   i s  

i d e n t i f i e d   both  by  the  s m a l l e r   un i t   c e l l   and  the   l o w ' a l k a l i   m e t a l  

c o n t e n t   in  the  c r y s t a l   s t r u c t u r e .  

The  u l t r a s t a b l e   form  of  the  Y-type  z e o l i t e   can  be  p r epa red   by 

s u c c e s s i v e l y   base  e x c h a n g i n g   a  Y-type  z e o l i t e   with  an  aqueous  s o l u t i o n  

of  an  ammonium  s a l t ,   such  as  ammonium  n i t r a t e ,   u n t i l   the  a l k a l i   m e t a l  

c o n t e n t   of  the  Y-type  z e o l i t e   is  reduced  to  l e s s   than  4  w e i g h t  

p e r c e n t .   The  base  exchanged  z e o l i t e   is  then  c a l c i n e d   at   a  t e m p e r a t u r e  

of  540°C  to  8C0°C  for  up  to  s e v e r a l   hours ,   c o o l e d   and  s u c c e s s i v e l y .  

base   exchanged  with  an  aqueous  s o l u t i o n   of  an  ammonium  s a l t   u n t i l   t h e  



a l k a l i   metal   c o n t e n t   is  r educed   to  l e s s   than  1  weight   p e r c e n t ,  

fo l lowed   by  washing  and  c a l c i n a t i o n   aga in   at  a  t e m p e r a t u r e   of  540°C  t o  

800°C  to  produce   an  u l t r a s t a b l e   z e o l i t e   Y.  The  sequence   o f .  i o n  

exchange  and  hea t   t r e a t m e n t   r e s u l t s   in  the  s u b s t a n t i a l   r e d u c t i o n   o f  

the  a l k a l i   meta l   c o n t e n t   of  the  o r i g i n a l   z e o l i t e   and  r e s u l t s   in  a  u n i t  

c e l l   s h r i n k a g e   which  is   b e l i e v e d  t o   lead   to  the  u l t r a   high  s t a b i l i t y  

of  t h e  r e s u l t i n g   Y- type   z e o l i t e .  

The  u l t r a s t a b l e   z e o l i t e   Y  may  then   be  e x t r a c t e d   with  ac id   t o  

produce   a  h i g h l y   s i l i c e o u s   form  of  the  z e o l i t e .   The  ac id   e x t r a c t i o n  

may  be made  in  the  same  way  as  d e s c r i b e d   above  for  z e o l i t e   b e t a .  

Methods  for   i n c r e a s i n g   the  s i l i c a : a l u m i n a   r a t i o   of  z e o l i t e   Y 

by  acid   e x t r a c t i o n   are   d e s c r i b e d   in  U.S.  P a t e n t s   4 , 2 1 8 , 3 0 7 ,   3 , 5 9 1 , 4 8 8  

and  3 , 6 9 1 , 0 9 9 ,   to  which  r e f e r e n c e   is  made  for   d e t a i l s   of  t h e s e   m e t h o d s .  

Z e o l i t e   ZSM-20  may  be  c o n v e r t e d   to  more  h i g h l y   s i l i c e o u s  

forms  by  a  p r o c e s s   s i m i l a r   to  t h a t   used  for   z e o l i t e  Y .   F i r s t ,   t h e  

z e o l i t e   is  c o n v e r t e d   to  an  " u l t r a s t a b l e "   form  which  is   t h e n  

d e a l u m i n i z e d   by  ac id   e x t r a c t i o n .   The  c o n v e r s i o n   to  the  u l t r a s t a b l e  

form  may  s u i t a b l y   be  c a r r i e d   out  by  the  s a m e . s e q u e n c e   of  s t e p s   u s e d  

for  p r e p a r i n g   u l t r a s t a b l e   Y.  The  z e o l i t e   is   s u c c e s s i v e l y  

b a s e - e x c h a n g e d   to  the  ammonium  form  and  c a l c i n e d ,   normal ly   a t  

t e m p e r a t u r e s   above  700°C.  The  c a l c i n a t i o n   shou ld   be  c a r r i e d   out  in  a  

deep  bed  in  o r d e r   to  impede  removal  of  gaseous   p r o d u c t s ,   a s  

recommended  in  Advances  in  Chemist ry   S e r i e s ,   No.  121,  op  c i t .   A c i d  

e x t r a c t i o n   of  the  " u l t r a s t a b l e "   ZSM-20  may  be  e f f e c t e d   in  the  same  w a y  

as  d e s c r i b e d   above  for   z e o l i t e   b e t a .  

Highly  s i l i c e o u s   forms  of  m o r d e n i t e   may  be  made  by  a c i d  

e x t r a c t i o n  p r o c e d u r e s   of  the  kind  d e s c r i b e d ,   for  example,   in  U . S .  

P a t e n t   Nos.  3 , 6 9 1 , 0 9 9 ,   3 , 5 9 1 , 4 8 8   and  o t h e r   d e a l u m i n i z a t i o n   t e c h n i q u e s  

which  may  be  used  for  morden i t e   are  d i s c l o s e d ,   for  example,   in  U . S .  
P a t e n t   Nos.  4 , 2 7 3 , 7 5 3 ,   3 , 4 9 3 , 5 1 9   and  3 , 4 4 2 , 7 9 5 .   Re fe rence   is  made  t o  

t h e s e   p a t e n t s   for   a  f u l l   d e s c r i p t i o n   of  t h e s e   p r o c e s s e s .  
Another   p r o p e r t y   which  c h a r a c t e r i z e s   the  z e o l i t e s   which  may 

be  used  in  the  p r e s e n t   c a t a l y s t s   is  t h e i r   h y d r o c a r b o n   s o r p t i o n  

c a p a c i t y .   The  z e o l i t e   used  in  the  p r e s e n t   c a t a l y s t s   should  have  a  

hydrocarbon   s o r p t i o n   c a p a c i t y   for  n -hexane   of  g r e a t e r   than  5 



p r e f e r a b l y   g r e a t e r   t han   6  p e r c e n t   by  weight   at  50°C.  The  h y d r o c a r b o n  

s o r p t i o n   c a p a c i t y   is   d e t e r m i n e d   by  measu r ing   the   s o r p t i o n   at  50°C,  20  

mm  Hg  (2666  Pa)  h y d r o c a r b o n   p r e s s u r e   in  an  i n e r t   c a r r i e r   such  a s  

h e l i u m .  

The  s o r p t i o n   t e s t   is  c o n v e n i e n t l y   c a r r i e d   out  by  TGA  wi th   h e l i u m  

as  a  c a r r i e r   gas  f l o w i n g   over  the  z e o l i t e   at   50°C.  The  hyd roca rbon   o f  

i n t e r e s t   e . g .   n - h e x a n e   is   i n t r o d u c e d   i n t o   the  gas  s t r eam  a d j u s t e d   to  20  

mm  Hg  h y d r o c a r b o n   p r e s s u r e   and  the  h y d r o c a r b o n   u p t a k e ,   measured  as  t h e  

i n c r e a s e   in  z e o l i t e   we igh t   is  r e c o r d e d .   The  s o r p t i o n   c a p a c i t y   may  t h e n  

be  c a l c u l a t e d   as  a  p e r c e n t a g e .  

The  z e o l i t e   h y d r o i s o m e r i z a t i o n   c a t a l y s t s   are   g e n e r a l l y   used  in  a  

c a t i o n i c   form  which  g i v e s   the   r e q u i r e d   d e g r e e   of  a c i d i t y   and  s t a b i l i t y   a t  

the   r e a c t i o n   c o n d i t i o n s   used .   The  z e o l i t e   w i l l   b6  a t   l e a s t   p a r t l y   i n .  t h e  

hydrogen  form,  such  as  HZSM-5,  HY,  in  o r d e r   to  p r o v i d e   the  a c i d i c  .  

f u n c t i o n a l i t y   n e c e s s a r y   for   the  i s o m e r i z a t i o n   but  c a t i o n   e x c h a n g e   w i t h  

o t h e r   c a t i o n s ,   e s p e c i a l l y   a l k a l i n e   e a r t h   c a t i o n s   such  as  ca l c ium  a n d  

magnesium  and  r a r e   e a r t h   c a t i o n s   s c c h  a s   l an thanum,   cer ium,   p r a s e o d y m i u m  

and  neodyminum,  may  be  used  to  c o n t r o l   t h e   p r o p o r t i o n   o f   p r o t o n a t e d   s i t e s  

and,  c o n s e q u e n t l y ,   the   a c i d i t y   of  the  z e o l i t e .   Rare  e a r t h   forms  of  t h e  

l a r g e   pore  z e o l i t e s   X  and  Y,  REX  and  REY,  are   p a r t i c u l a r l y   u s e f u l   as  a r e  

the   a l k a l i n e   e a r t h   forms  of  the  ZSM-5  type  z e o l i t e s ,   such  as  MgZSM-5, 

p r o v i d e d   t h a t  s u f f i c i e n t   a c i d i c   a c t i v i t y   is   r e t a i n e d   for  t h e  

i s o m e r i z a t i o n .  

Because  the   i s o m e r i z a t i o n   r e a c t i o n s   r e q u i r e   both  a c i d i c   a n d  

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   f u n c t i o n s   in  the   c a t a l y s t   w i t h  a   s u i t a b l e  

b a l a n c e   between  the   two  f u n c t i o n s   for  the  be s t   p e r f o r m a n c e ,   i t   may  b e  

d e s i r a b l e   to  use  more  a c t i v e   h y d r o g e n a t i o n   components   such  as  p l a t i n u m  

with  the  more  h i g h l y   a c i d i c   components .   C o n v e r s e l y ,   i f   the  a c i d i c  

component  has  but  a  low  degree   of  a c i d i c   a c t i v i t y   i t   may  become  p o s s i b l e  

to  use  a  l e s s   a c t i v e   h y d r o g e n a t i o n   component ,   such  as  n i c k e l   o r  

n i c k e l - t u n g s t e n .  



The  f e e d s t o c k   is  i s o m e r i z e d   over  the  h y d r o i s o m e r i z a t i o n   c a t a l y s t  

in  the  p r e s e n c e   of  hydrogen  under   i s o m e r i z a t i o n   c o n d i t i o n s  o f   e l e v a t e d  

t e m p e r a t u r e   and  p r e s s u r e .   The  r e a c t i o n   t e m p e r a t u r e   shou ld   be  high  enough  

to  o b t a i n   s u f f i c i e n t   i s o m e r i z a t i o n   a c t i v i t y   but  low  enough  to  r e d u c e  

c r a c k i n g   a c t i v i t y   in  o rder   to  avo id   l o s s e s   in  p roduc t   y i e l d .   The 

t e m p e r a t u r e   w i l l   g e n e r a l l y   be  in  the   range  of  200°C  to  450°C  (392°F  t o  

842°F)  and  p r e f e r a b l y   250°C  to  375°C  (482°F  to  707°F) .   With  the  more 

h igh ly   a c i d i c   c a t a l y s t s   lower  t e m p e r a t u r e s   w i th in   t h e s e   r a n g e s   s h o u l d  

normal ly   be  employed  in  order   to  min imize   the  c o n v e r s i o n   to  lower  b o i l i n g  

range  p r o d u c t s .   Reac t ion   p r e s s u r e s   ( t o t a l )   are  u s u a l l y   from  400  to  25000 

kPa  (58  to  3626  p s i g ) ,   and  more  commonly  in  the  range  of  3500  to  12000 

kPa  (507  to  1740  p s i g ) .   Space  v e l o c i t i e s   are  no rmal ly   held  in  the  r a n g e  
0.1  to  10,  p r e f e r a b l y   0.5  to  5,  h r -1   LHSV.  Hydrogen  c i r c u l a t i o n   r a t e s  

of  30  to  700,  u s u a l l y   200  to  5 0 0 ,  
n . 1 . 1 . - 1   (168  to  3932,  u s u a l l y   1123  to  2810  SCF/Bbl)  are  t y p i c a l .   The 

hydrogen  p a r t i a l  p r e s s u r e   w i l l   n o r m a l l y   be  at  l e a s t   50  p e r c e n t   of  t o t a l  

system  p r e s s u r e ,   more  u s u a l l y   8 0  t o   9 0 ' p e r c e n t   or  t o t a l   sys tem  p r e s s u r e .  
The  i s o m e r i z a t i o n   r e a c t i o n   i s   c a r r i e d   out  so  as  to  m i n i m i z e  

c o n v e r s i o n   to  lower  b o i l i n g   range   p r o d u c t s ,   e s p e c i a l l y   to  g a s  

(CI-C4) .   During  the  i s o m e r i z a t i o n ,   the  p e t r o l a t u m   wax  ( s l i g h t l y  

b r a n c h e d  p a r a f f i n s   and  c y c l o p a r a f f i n s ,   g e n e r a l l y   of  at  l e a s t   ten  c a r b o n  

atoms  and  u s u a l l y   C16-C40)  are  c o n v e r t e d   to  branch  c h a i n  

i s o - p a r a f f i n s   which  are  more  s o l u b l e   at  low  t e m p e r a t u r e .   Conve r s ion   t o  

ldwer  b o i l i n g   range  p roduc t s   is   n o r m a l l y   not  g r e a t e r   than  10  p e r c e n t   by 

weight  and  in  f a v o r a b l e   cases   is  l e s s   than  5  p e r c e n t   by  we igh t ,   f o r  

example,   3  p e r c e n t   by  w e i g h t .  

The  i n v e n t i o n   is  i l l u s t r a t e d   by  the  f o l l owing   Examples  in  which  

a l l   p a r t s ,   p r o p o r t i o n s   and  p e r c e n t a g e s   are  by  weight   u n l e s s   s t a t e d   to  t h e  

c o n t r a r y .  

Examples  1 - 2 2  

A p p a r a t u s :   A  l a b o r a t o r y   c o n t i n u o u s   d o w n - f l o w  r e a c t o r   was  u s e d .  

It   was  equ ipped   with  feed  r e s e r v o i r   and  pump,  r e a c t o r   t e m p e r a t u r e  

c o n t r o l l e r s   and  mon i to r ing   d e v i c e s ,   gas  r e g u l a t o r s ,   flow  c o n t r o l l e r   and 



p r e s s u r e   g a u g e s .   P r o d u c t s   were  d i s c h a r g e d   i n t o   a  sample  r e c e i v e r   t h r o u g h  

a  grove  l o a d e r   which  c o n t r o l l e d   the  o p e r a t i n g   p r e s s u r e .   L igh t   p r o d u c t s  

were  c o l l e c t e d   in  a  dry  ice  cold  t r a p   downst ream  of  the  sample  r e c e i v e r .  

Uncondensed  gases   were  f i r s t   passed   t h r o u g h   a  gas  sampler   and  then  NaOH 

s c r u b b e r   b e f o r e   p a s s i n g   th rough   a  gas  m e t e r .  

S t a r t u p   P r o c e d u r e :   The  r e a c t o r   was  packed  with  10  cc  o f  

c a t a l y s t .   I t   was  a c t i v a t e d   by  p a s s i n g   hydrogen   at   370°C  for   2-4  h o u r s  

with  the  same  H2  c i r c u l a t i o n   r a t e   and  p r e s s u r e   as  in  the  p r o j e c t e d  

run.   A  l i n e   out  p e r i o d   of  12  hours   was  f o l l o w e d   a f t e r   the  r e a c t i o n  

t e m p e r a t u r e   had  been  se t   and  f e ed ing   s t a r t e d .  

The  o p e r a t i n g   c o n d i t i o n s   and  c a t a l y s t s   used  in  the  Examples  a r e  

shown  in  Tab le   1  b e l o w .  

Sample  P r e p a r a t i o n   and  T e s t i n g   p r o c e d u r e s :   The  c o l l e c t e d   o i l  

p r o d u c t   was  vacuum  s t r i p p e d   at  1 2 5 ° C / 0 . 0 5   mm  Hg  (6 .7   Pa)  for   two  hours  t o  

remove  m o i s t u r e   and  v o l a t i l e   f r a c t i o n s .   The  y i e l d   was  c a l c u l a t e d   b a s e d  

on  the  f i n a l   s t r i p p e d   p r o d u c t .   The  p r o d u c t s   we re   f i l l e d   in  5.7  cm  No.  1 

screw  capped  v i a l s   and  p laced   in  a  r e f r i g e r a t o r   kept   at  -1°C  for   16  h o u r s  

to  deve lop   h a z e .  

To  e v a l u a t e   and  q u a n t i f y   the   degree   of  c l o u d i n e s s   of  each  o i l  

p r o d u c t ,   a  s e t   of  s t a n d a r d s   was  p r e p a r e d .   These  were  b i n a r y  m i x t u r e s   o f  

a  c a t a l y t i c a l l y   hydrodewaxed  then  s o l v e n t   dewaxed  b r i g h t   s t o c k   ( t h i s  

m a t e r i a l   p a s s e d   the  ONC  t e s t )   and  a  hydrodewaxed  b r i g h t   s t o c k   ( t h i s  

m a t e r i a l   f a i l e d   the  ONC  t e s t ) .   The  m i x t u r e s   of  one  component  in  t h e  

o t h e r   r anged   from  0  to  100  p e r c e n t .   Such  a  s e t   of  s t a n d a r d s   f u r n i s h e d  

the  whole  r ange   of  c l o u d i n e s s   from  0-100%.  The  s l i g h t   dark  c o l o r a t i o n   o f  

the  s o l v e n t   dewaxed  o i l   was  removed  by  p e r c o l a t i n g   i t   t h r o u g h   b a s i c  

a lumina   column  to  o b t a i n   the  same  hue  as  t h a t   of  the  hydrodewaxed  b r i g h t  

s t o c k   b e f o r e   i t   was  used  in  the  p r e p a r a t i a n   of  the   s t a n d a r d s .  

To  g rade   the  c l a r i t y - c l o u d i n e s s   o f . t h e   p r o d u c t   o i l ,   both  w e r e  

c o n t a i n e d   in  the   same  s i z e   v i a l   and  kept   s i de   by  s ide   in  a  r e f r i g e r a t o r  

at  -1°C  fo r   16  hours .   The  c l a r i t y / c l o u d i n e s s   of  the  p r o d u c t   was  t h e n  

matched  a g a i n s t   the   s t a n d a r d .   A  q u a l i t y   number  c o r r e s p o n d i n g   to  t h e  

p e r c e n t   of   c o n t e n t   of  s o l v e n t  d e w a x e d   o i l   component  in  a  p a r t i c u l a r  

s t a n d a r d   was  a s s i g n e d   to  the  o i l   sample  to  e x p r e s s   i t s   degree   o f  

c l a r i t y .   For  example ,   a  number  of  80  means  t h a t   p a r t i c u l a r   o i l   s a m p l e  



has  the  same  degree   of  c l a r i t y   as  t h a t   of  a  s t a n d a r d   c o n t a i n i n g   80% 

s o l v e n t   dewaxed  o i l .  

The  c o n d i t i o n s   used  in  the  h y d r o i s o m e r i z a t i o n   and  the  r e s u l t s  

o b t a i n e d   are  shown  in  Table   1  below.  All  runs  were  conduc ted   at  a  

p r e s s u r e   of  4030  kPa  (584 .5   p s i g ) .  



These  r e s u l t s   show  t h a t   a  high  degree   of  improvement   in  ONC  may  be  a c h i e v e d  
by  h y d r o i s o m e r i z a t i o n   with  l i t t l e   l o s s   in  y i e l d .  



1.  A  method  of  h y d r o f i n i s h i n g   a  c a t a l y t i c a l l y   h y d r o d e w a x e d  

hydroca rbon   o i l   which  c o m p r i s e s   h y d r o i s o m e r i z i n g   the  hydrodewaxed  o i l .  

2.  A  method  a c c o r d i n g   to  c la im  1  in  which  the  o i l   i s  

h y d r o i s o m e r i z e d   under   h y d r o i s o m e r i z a t i o n   c o n d i t i o n s   to  c o n v e r t  

p e t r o l a t u m   wax  in  the  hydrodewaxed  o i l   to  components   which  are  more  

s o l u b l e   at  low  t e m p e r a t u r e s .  

3.  A  method  a c c o r d i n g   to  c la im  2  in  which  the  p e t r o l a t u m  

wax  compr i s ing   s l i g h t l y   b ranched   p a r a f f i n s   and  c y c l o p a r a f f i n s   i s  

c o n v e r t e d   to  more  s o l u b l e   branched  chain  p a r a f f i n s .  

4.  A  method  a c c o r d i n g   to  c la im  1  in  which  the  h y d r o d e w a x e d  

o i l   is  h y d r o i s o m e r i z e d   by  c o n t a c t   with  a  h y d r o i s o m e r i z a t i o n   c a t a l y s t  

compr i s ing   an  a c i d i c   component  and  a  h y d r o g e n a t i o n   c o m p o n e n t .  

5.  A  method  a c c o r d i n g   to  c la im  4  in  which  the  h y d r o g e n a t i o n  

component  compr i s e s   a  meta l   component  of  Group  VIA  or  VIIIA  of  t h e  

P e r i o d i c   T a b l e .  

6.  A  method  a c c o r d i n g   to  c la im  4  in  which  the  a c i d i c  

component  compr i se s   a  c r y s t a l l i n e   z e o l i t e .  

7.  A  method  a c c o r d i n g   to  claim  6  in  which  the  a c i d i c  

c o m p o n e n t   compr i se s   a  l a r g e   pore  z e o l i t e   having  a  C o n s t r a i n t   Index  o f  

l e s s   than  1 .  

8.  A  method  a c c o r d i n g   to  c la im  6  in  which  the  a c i d i c  

component  compr i s e s   a  z e o l i t e   having  a  s i l i c a : a l u m i n a   r a t i o   of  a t  

l e a s t   12:1  and  a  C o n s t r a i n t   Index  of  1  to  1 2 .  

9.  A  method  a c c o r d i n g   to  c la im  1  in  which  the  h y d r o d e w a x e d  

-  o i l   is  a  l u b r i c a t i n g   o i l .  

10.  A  method  a c c o r d i n g   to  claim  1  in  which  the  h y d r o d e w a x e d  

o i l   is  h y d r o i s o m e r i z e d   at  a  t e m p e r a t u r e   of  200°C  to  450°C,  a  p r e s s u r e  

of  400  to  25000  kPa  and  a  space  v e l o c i t y   of  0.1  to  1 0 .  

11.  A  method  a c c o r d i n g   to  claim  1  in  which  the  c o n v e r s i o n   o f  

the  hydrodewaxed  o i l   to  l o w e r .  b o i l i n g   components   is  l e s s   than  10 

weight   p e r c e n t .  

12.  A  method  a c c o r d i n g   to  claim  1  in  which  the  c o n v e r s i o n   o f  

the  hydrodewaxed  o i l   to  lower  b o i l i n g   components   is  l e s s   than  5  w e i g h t  

p e r c e n t .  



13.  A  method  of  making  a  l u b r i c a t i n g   o i l   of  improved  c l a r i t y  

and  s t a b i l i t y   by  the   s t e p s   o f :  

( i )   c a t a l y t i c a l l y   hyd rodewax ing   a  hyd roca rbon   f e e d s t o c k   t o  

remove  waxy  p a r a f f i n i c   c o m p o n e n t s ,  

( i i )   c o n t a c t i n g   the  hydrodewaxed  o i l   u n d e r  

h y d r o i s o m e r i z a t i o n   c o n d i t i o n s   wi th   a  b i f u n c t i o n a l  

h y d r o i s o m e r i z a t i o n   c a t a l y s t   to  h y d r o i s o m e r i z e   r e s i d u a l   waxy 

components   to  more  s o l u b l e   c o m p o n e n t s .  

14.  A  method  a c c o r d i n g   to  c l a im  11  in  which  the  c o n v e r s i o n  

of  the  hydrodewaxed  o i l   to  lower  b o i l i n g   components   is   l e s s   t h a n  5  

we igh t   p e r c e n t .  

15.  A  method  a c c o r d i n g   to  c l a im  11  in  which  the  c o n v e r s i o n  

of  the   hydrodewaxed  o i l   t o . l o w e r   b o i l i n g   components   is  l e s s   than  3  

we igh t   p e r c e n t .  
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