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©  Process  for  making  improved  lubricating  oils  from  heavy  feedstock. 
A  dewaxing  process  is  disclosed  which  will  operate  for 

longer  periods  of  time  involving  contacting  a  feedstock 
having  a  50  volume  percent  boiling  point  greater  than  482°C 
(900°F)  with  a  catalyst  composite  of  a  crystalline  aluminosili- 
cate  zeolite,  having  a  Constraint  Index  of  from  1  to  12  and  a 
silica-to-alumina  ratio  of  at  least  12  and  an  inorganic  oxide 
binder  such  as  alumina.  The  catalyst  composite  has  a 
maximum  diffusion  distance  of  less  than  0.6  mm  (0.025 
inch). 



This  i nven t ion   is  concerned  with  manufacture   of  high  g r a d e  

v i scous   o i l   p roduc ts   from  crude  pet roleum  f r a c t i o n s   or  o t h e r  

hydrocarbon   m a t e r i a l s .   It   is  p a r t i c u l a r l y   d i r e c t e d   to  t h e  

manufac tu re   of  high  q u a l i t y   lube  bases tock   o i l s   from  crude  s tocks  o f  

high  b o i l i n g   poin t   as  opposed  to  using  s o - c a l l e d   l i g h t   s t ocks .   The 

l a t t e r   crudes  have  lower  bo i l i ng   po in t s   and  for  r easons   which  a r e  

not  f u l l y   unde r s tood ,   do  not  show  any  advantage  in  the  novel  p r o c e s s  
of  t h i s   i n v e n t i o n   over  commercial ly   p r a c t i c e d   t e c h n o l o g y .   More 

s p e c i f i c a l l y ,   the  inven t ion   is  concerned  with  dewaxing  of  l u b e  

b a s e s t o c k   o i l s   having  an  i n i t i a l   b o i l i n g   point   higher   than  371°C 

(700°F)  and  a  50  volume  percent   b o i l i n g   point   of  at  l e a s t   482°C 

( 9 0 0 ° F ) .  

High  q u a l i t y   lube  b a s e s t o c k   o i l s   are  c o n v e n t i o n a l l y  

p repa red   by  r e f i n i n g   d i s t i l l a t e   f r a c t i o n s   or  the  residuum  p r e p a r e d  

by  vacuum  d i s t i l l i n g   a  s u i t a b l e   crude  oi l   from  which  the  l i g h t e r  

p o r t i o n   has  been  removed  by  d i s t i l l a t i o n   in  an  a tmospher i c   t o w e r .  

Thus,  the  charge  to  the  vacuum  tower  is  commonly  r e f e r r e d   to  as  a  

"long  res iduum"  and  residuum  from  theovacuum  tower  is  d i s t i n g u i s h e d  

from  the  s t a r t i n g   ma te r i a l   by  r e f e r r i n g   to  it   as  the  " s h o r t  

r e s i d u u m " .  

The  vacuum  d i s t i l l a t e   f r a c t i o n s   are  upgraded  by  a  s equence  

of  un i t   o p e r a t i o n s ,   the  f i r s t   of  which  is  so lven t   e x t r a c t i o n   with  a 

s o l v e n t   s e l e c t i v e   for  aromatic   hydrocarbons .   This  s tep  serves   t o  

remove  a roma t i c   hydrocarbons  of  low  v i s c o s i t y   index  and  provides   a 

r a f f i n a t e   of  improved  v i s c o s i t y  i n d e x   and  q u a l i t y .   V a r i o u s  

p r o c e s s e s   have  been  used  in  t h i s   e x t r a c t i o n   s t age ,   and  these   employ 

s o l v e n t s   such  as  f u r f u r a l ,   phenol ,   s u l f u r   d iox ide ,   and  o t h e r s .   The 

shor t   res iduum,   because  i t   con t a in s   most  of  the  a s p h a l t e n e s   of  t h e  

crude  o i l ,   is  c o n v e n t i o n a l l y   t r e a t e d   to  remove  these   a s p h a l t - l i k e  

c o n s t i t u e n t s   p r io r   to  so lvent   e x t r a c t i o n   to  i nc rea se   the  v i s c o s i t y  
i n d e x .  



The  r a f f i n a t e   from  the  so lven t   e x t r a c t i o n   s tep  c o n t a i n s  

p a r a f f i n s   which  adverse ly   a f f e c t   the  pour  p o i n t .   Thus,  the  waxy 
r a f f i n a t e ,   r e g a r d l e s s   of  whether  p repared   from  a  d i s t i l l a t e   f r a c t i o n  

or  from  the  shor t   residuum,  must  be  dewaxed.  Various  dewaxing 

p rocedures   have  been  used,  and  the  a r t   has  gone  in  the  d i r e c t i o n   o f  

t r e a t m e n t   with  a  so lven t   such  as  methyl  e thyl   k e t o n e / t o l u e n e  

mixtures   to  remove  the  wax  and  prepare   a  dewaxed  r a f f i n a t e .   The 

dewaxed  r a f f i n a t e   may  then  be  f i n i s h e d   by  any  number  of  s o r p t i o n   o r  

c a t a l y t i c   p rocesses   to  improve  color   and  o x i d a t i o n   s t a b i l i t y .  

In  r ecen t   years  t e c h n i q u e s   have  become  a v a i l a b l e   f o r  

c a t a l y t i c   dewaxing  the  petroleum  s t o c k s .   A  p rocess   of  tha t   n a t u r e  

developed  by  B r i t i s h   Petroleum  is  d e s c r i b e d   in  the  Oil  and  Gas 

Journa l   dated  January  6,  1975,  at  pages  69-73.  See,  a l so ,   U n i t e d  

S ta tes   P a t e n t   No.  3 , 6 6 8 , 1 1 3 .  
In  United  S t a t e s   Pa t en t   No.  Reissue  28,398  is  d e sc r i bed   a  

process   for  c a t a l y t i c   dewaxing  with  a  c a t a l y s t   compr is ing   z e o l i t e  

ZSM-5.  Such  process  combined  with  c a t a l y t i c   h y d r o f i n i s h i n g   i s  

de sc r ibed   in  United  S t a t e s   Pa ten t   No.  3 ,894 ,938   for  reducing   t h e  

pour  poin t   of  a  su l fu r   and  n i t r o g e n - c o n t a i n i n g   gas  o i l   b o i l i n g  

within  the  range  of  204  to  482°C  (400  to  9 0 0 ° F ) .  

United  S ta tes   Pa ten t   No.  3 ,755,145  d i s c l o s e s   a  process   f o r  

p r epa r ing   lube  o i l   having  low  pour  po in t s   i n v o l v i n g   using  a  c a t a l y s t  
mixture  compris ing  hydrogena t ion   components,   a  c o n v e n t i o n a l   c r a c k i n g  
c a t a l y s t   and  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   of  the  ZSM-5 

type.  At  Column  8  there   is  s p e c i f i c a l l y   d i s c l o s e d   the  use  of  an 
e x t r u d a t e   having  a  1/16th  of  an  inch  d i a m e t e r .  

United  S ta tes   Pa ten t   No.  3 ,894 ,938   d i s c l o s e s   the  c a t a l y t i c  

dewaxing  and  d e s u l f u r i z a t i o n   of  gas  o i l s   with  a  ZSM-5  z e o l i t e  

con t a in ing   a  hydrogena t ion   component.  At  Column  3  i t   i s  

s p e c i f i c a l l y   pointed  out  t h a t   the  ZSM-5  can  be  i n c o r p o r a t e d   into  a  

matrix  and  t ha t   the  c a t a l y s t   p a r t i c l e s   can  be  s i z ed   between  0.8  and 

3.2  mm  (1/32nd  and  1/8th  of  an  i n c h ) .  



United  S ta tes   3 ,846 ,337   d i s c l o s e s   s i l i c a - b o u n d   s i l i c a t e  

p a r t i c l e s   of  improved  s t r e n g t h   wi th in   the  range  of  0.8  to  3.2  mm 
(1/32  to  about  1/8  inch)  average   e x t r u d a t e   d iameter   and  t h e i r   use  i n  

va r ious   c a t a l y s t s   r e a c t i o n s .  

These  p rocesses   did  not  provide  any  guidance  as  to  how  t o  

ach ieve   a  more  s t a b l e   o p e r a t i o n   when  p r o c e s s i n g   heavy  l u b r i c a t i n g  
oi l   s t o c k s ,   such  as  b r igh t   s t o c k .  

We  d i scovered   t ha t   more  e f f i c i e n t   dewaxing  of  these   heavy  

s t ocks   could  be  achieved  using  a  s p e c i a l   dewaxing  c a t a l y s t   w i t h  

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

Accord ing ly ,   the  p r e s e n t   i n v e n t i o n   p rov ides   a  p rocess   f o r  

dewaxing  a  pe t ro leum  f eeds tock   having  an  i n i t i a l   b o i l i n g   po in t   of  a t  

l e a s t   371°C  (700°F)  and  a  50  volume  p e r c e n t   b o i l i n g   p o i n t   of  a t  

l e a s t   482°C  (900°F)  wherein  sa id   hydrocarbon  is  c o n t a c t e d   in  t h e  

presence   of  added  hydrogen  at  a  t empera tu re   of  232  to  427°C  (450  t o  

800°F)  with  a  dewaxing  c a t a l y s t   compr is ing   a l u m i n o s i l i c a t e   z e o l i t e  

having  a  s i l i c a - t o - a l u m i n a   r a t i o   of  g r e a t e r   than  12  and  a  C o n s t r a i n t  

Index  of  1  to  about  12  and  wherein  sa id   a l u m i n o s i l i c a t e   z e o l i t e   i s  

composi ted   with  an  i no rgan ic   oxide  b inder   and  c h a r a c t e r i z e d   by  u s i n g  

a  c a t a l y s t   composi te   having  a  maximum  d i f f u s i o n   d i s t a n c e   of  l e s s  

than  0.6  mm  (0.025  i n c h ) .  

Figure  1  is  a  graph  of  ac tua l   expe r imen ta l   d a t a  

i l l u s t r a t i n g   the  t empera tu re   r equ i r emen t s   to  c a t a l y t i c a l l y   dewax  a  

lube  s tock   whose  bo i l i ng   range  l i e s   o u t s i d e   the  scope  of  the  p r e s e n t  

i n v e n t i o n ,   over  a  p r ior   a r t   c a t a l y s t .  

Figure   2  is  a  graph  of  a c tua l   expe r imen ta l   d a t a  

i l l u s t r a t i n g   the  t empera tu re   r e q u i r e m e n t s   to  c a t a l y t i c a l l y   dewax 

with  the  i n v e n t i o n   c a t a l y s t   a  lube  s tock  whose  b o i l i n g   range  l i e s  

o u t s i d e   the  scope  of  the  i n v e n t i o n .  

Figure   3  is  a  graph  of  a c tua l   expe r imen ta l   data   showing  t h e  

e f f e c t   of  t r e a t i n g   a  heavy  n e u t r a l   f eeds tock   with  an  e x t r u d e d  

c a t a l y s t   having  a  p a r t i c l e   d iamete r   of  0.8  mm  (0.03125  i n c h )  

compared  to  a  p r io r   art   c a t a l y s t .  



Figure  4  is  a  graph  of  a c tua l   e x p e r i m e n t a l   data  showing  t h e  

dewaxing  of  a  heavy  n e u t r a l   f eeds tock   on  the  subsequent   cycle   t o  

Figure  3  comparing  the  same  r e f e r e n c e   and  i n v e n t i o n   c a t a l y s t s .  

Figure  5  shows  expe r imen ta l   data  on  the  dewaxing  of  a  

b r i gh t   s tock  using  the  same  r e f e r e n c e   and  i n v e n t i o n   c a t a l y s t s   shown 

in  Figures   3  and  4 .  

Figure  6  shows  e x p e r i m e n t a l   data  on  the  dewaxing  of  b r i g h t  

stock  comparing  ex t ruded   c a t a l y s t   and  f i n e l y   crushed  c a t a l y s t .  

The  wax  base  crudes  (sometimes  c a l l e d   " p a r a f f i n   base" )   f rom 

which  the  c h a r g e s t o c k   is  der ived   by  d i s t i l l a t i o n   c o n s t i t u t e   a  

w e l l - r e c o g n i z e d   c l a s s   of  crude  pe t ro leums .   Many  s c a l e s   have  b e e n  

devised  for  c l a s s i f i c a t o n   of  crude,   some  of  which  are  d e s c r i b e d   i n  

Chapter  VII,  "Eva lua t ion   of  Oil  Stocks  of  Pet ro leum  R e f i n e r y  

Eng inee r ing ,   by  W.  L.  Nelson,  McGraw  Hi l l ,   1941.  A  c o n v e n i e n t   s c a l e  

i d e n t i f i e d   by  Nelson  at  page  69  involves   d e t e r m i n a t i o n   of  the  c l o u d  

point   of  the  Bureau  of  Mines  (key  f r a c t i o n   #2)  which  b o i l s   be tween  

275°C  (527°F)  and  300°C  (572°F)  at  40  mm  p r e s s u r e .   If  the  c l o u d  

point   of  t h i s   f r a c t i o n   is  above  -15°C  (5°F),   the  crude  is  c o n s i d e r e d  

wax  b a s e .  

In  p r a c t i c e   of  the  p re sen t   i n v e n t i o n ,   a  s u i t a b l e  

cha rges tock   such  as  a  propane  d e a s p h a l t e d   shor t   residuum  f r a c t i o n   o r  

a  f r a c t i o n   having  an  i n i t i a l   b o i l i n g   point   of  at  l e a s t   468°C 

(875°F),   and  p r e f e r a b l y   at  l e a s t   482°C  (900°F.)   and  a  f i n a l   b o i l i n g  

point  g r e a t e r   than  649°C  (12000F)  is  p repared   by  d i s t i l l a t i o n   o f  

such  wax  base  crude.   Such  f r a c t i o n   can  then  be  s o l v e n t   r e f i n e d   by 

counter   c u r r e n t   e x t r a c t i o n   with  at  l e a s t   an  equal   volume  (100  vo lume 

pe rcen t )   of  a  s e l e c t i v e   so lven t   such  a  f u r f u r a l .   I t   is  p r e f e r r e d   t o  

use  about  1 .5 -3 .0   volumes  of  s o l v e n t   per  volume  of  o i l .   The 

f u r f u r a l   r a f f i n a t e   has  an  i n i t i a l   b o i l i n g   po in t   of  g r e a t e r   t h a n  

371°C  (700°F)  and  a  50  volume  percen t   b o i l i n g   po in t   of  at  l e a s t  

482°C  (900°F).  It  is  then  s u b j e c t e d   to  c a t a l y t i c   dewaxing  by  m i x i n g  
in  hydrogen  and  c o n t a c t i n g   at  232  to  427°C  (450  to  8 0 0 ° F ) ,  

p r e f e r a b l y   at  260  to  371°C  (500  to  700°F),  with  a  c a t a l y s t  

con ta in ing   a  hydrogena t ion   metal ,   an  i n o r g a n i c   oxide  b inder   a n d  



z e o l i t e   ZSM-5  or  o ther   r e l a t e d   s i l i c a t e   z e o l i t e s   having  a  
s i l i c a - t o - a l u m i n a   r a t i o   of  at  l e a s t   12  and  a  C o n s t r a i n t   Index  o f  

1-12  and  a  l i q u i d   hourly  space  v e l o c i t y   (LHSV)  of  0 . 1 -2 .0   volumes  o f  

charge  o i l   per  volume  of  c a t a l y s t   per  hour.  The  p r e f e r r e d   s p a c e  

v e l o c i t y   is  0 . 5 - 1 . 0   LHSV. 

The  c a t a l y s t   is  extruded  or  o the rwise   shaped  so  as  to  h a v e  

a  maximum  d i f f u s i o n   d i s t a n c e   of  l e s s   than  0.6  mm  (0.025  i n c h ) .  

The  c a t a l y t i c   dewaxing  r e a c t i o n   is  p r e f e r a b l y   c a r r i e d   o u t  

at  hydrogen  p a r t i a l   p r e s s u r e s   of  1,100  to  21,000  kPa  (150  to  3000 

ps ig) ,   at  the  r e a c t o r   i n l e t ,   and  p r e f e r a b l y   at  1,800  to  10,400  kPa 

(250  to  1500  p s i g ) .   Dewaxing  ope ra t e s   at  a  hydrogen  c i r c u l a t i o n   o f  

90  to  900  volumes  of  l i q u i d   at  s t anda rd   c o n d i t i o n s   per  volume  o f  

H2  at  s t a n d a r d   c o n d i t i o n s ,   v /v , (500   to  5000  s t andard   cubic  f e e t  

per  b a r r e l   of  feed  (SCFB)j,  p r e f e r a b l y   270  to  530  v/v  (1500  to  3000 

SCFB). 

The  s o l v e n t   e x t r a c t i o n   t echn ique   is  well  unders tood   in  t h e  

ar t   and  needs  no  d e t a i l e d   review  here .   The  s e v e r i t y   of  e x t r a c t i o n  

is  ad ju s t ed   to  compos i t ion   of  the  c h a r g e s t o c k   to  meet  s p e c i f i c a t i o n s  

for  the  p a r t i c u l a r   lube  bases tock   and  the  contemplated   end-use ;   t h i s  

s e v e r i t y   w i l l   be  de termined   in  p r a c t i c e   of  t h i s   i nven t ion   i n  

accordance  with  w e l l - e s t a b l i s h e d   p r a c t i c e s .  

The  c a t a l y t i c   dewaxing  s tep  is  conducted  at  232  to  427°C 

(450  to  800°F).   However,  at  t e m p e r a t u r e s   above  357°C  ( 6 7 5 ° F ) ,  

bromine  number  of  the  product   g e n e r a l l y   i n c r e a s e s   and  the  o x i d a t i o n  

s t a b i l i t y   d e c r e a s e s .  

The  dewaxing  c a t a l y s t   is  a  composite  of  h y d r o g e n a t i o n  

metal ,   such  as  n i c k e l ,   c o b a l t ,   molybdenum,  chromium,  t u n g s t e n ,  

pa l lad ium,   p la t inum  or  composi t ions   t h e r e o f   a s s o c i a t e d   with  the  a c i d  

form  of  a  novel  c l a s s   of  a l u m i n o s i l i c a t e   z e o l i t e   having  a  

s i l i c a - t o - a l u m i n a   r a t i o   of  at  l e a s t   about  12,  and  a  c o n s t r a i n e d  

access  to  the  i n t r a c r y s t a l l i n e   f ree   space,   as  more  fu l ly   d e s c r i b e d  

h e r e i n b e l o w .  



An  impor tan t   c h a r a c t e r i s t i c   of  the  c r y s t a l   s t r u c t u r e   o f  

th is   c l a s s   of  z e o l i t e s   is  tha t   i t   p rov ides   c o n s t r a i n e d   access   to  and 

egress   from  the  i n t r a c r y s t a l l i n e   f ree   space  by  v i r t ue   of  having  a  

pore  dimension  g r e a t e r   than  about  5  Angstroms  and  pore  windows  o f  

about  a  s ize   such  as  would  be  p rovided   by  10-membered  r ings   o f  

oxygen  atoms.  It  is  to  be  unde r s tood ,   of  course ,   tha t   these   r i n g s  

are  those  formed  by  the  r egu la 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  an ionic   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 hemse lves   being  bonded  to  the  s i l i c o n   or  aluminum 

atoms  at  the  c e n t e r s   of  the  t e t r a h e d r a .   B r i e f l y ,   the  p r e f e r r e d   t y p e  

z e o l i t e s   u se fu l   in  t h i s   i nven t ion   p o s s e s s e s ,   in  combinat ion:   a  

s i l i c a - t o - a l u m i n a   mole  r a t i o   of  at  l e a s t   about  12;  and  a  s t r u c t u r e  

provid ing   c o n s t r a i n e d   access   to  the  c r y s t a l l i n e   free  s p a c e .  

The  s i l i c a - t o - a l u m i n a   r a t i o   r e f e r r e d   to  may  be  d e t e r m i n e d  

by  conven t iona l   a n a l y s i s .   This  r a t i o   is  meant  to  r e p r e s e n t ,   a s  

c lose ly   as  p o s s i b l e ,   the  r a t i o   in  the  r i g i d   an ionic   framework  of  t h e  

z e o l i t e   c r y s t a l   and  to  exclude  aluminum  in  the  binder  or  in  c a t i o n i c  

or  other   form  wi th in   the  channe ls .   Although  z e o l i t e s   with  a  

s i l i c a - t o - a l u m i n a   r a t i o   of  at  l e a s t   12  are  u se fu l ,   i t   is  p r e f e r r e d  

to  use  z e o l i t e s   having  h igher   r a t i o s   of  at  l e a s t   30.  Such  z e o l i t e s ,  
a f t e r   a c t i v a t i o n   a cqu i r e   an  i n t r a c r y s t a l l i n e   so rp t ion   c a p a c i t y   f o r  

normal  hexane  which  is  g r e a t e r   than  t ha t   for  water,   i . e . ,   t h e y  
exh ib i t   "hydrophobic"   p r o p e r t i e s .   I t   is  be l i eved   t ha t   t h i s  

hydrophobic  c h a r a c t e r i s t i c   is  advantageous   in  the  p resen t   i n v e n t i o n .  

Rather  than  a t t empt   to  judge  from  c r y s t a l   s t r u c t u r e   whe the r  

or  not  a  z e o l i t e   p o s s e s s e s   the  neces sa ry   c o n s t r a i n e d   access ,   a  

simple  d e t e r m i n a t i o n   of  the  C o n s t r a i n t   Index  may  be  made  by  p a s s i n g  

con t inuous ly   a  mixture   of  an  equal  weight  of  normal  hexane  and  

3 -methy lpen tane   over  a  small   sample,  approximate ly   1  gram  or  l e s s ,  

of  c a t a l y s t   at  a tmospher i c   p r e s su re   according   to  the  f o l l o w i n g  

procedure .   A  sample  of  the  z e o l i t e ,   in  the  form  of  p e l l e t s   o r  

e x t r u d a t e s ,   is  c rushed  to  a  p a r t i c l e   s ize   about  tha t   of  coarse   s a n d  

and  mounted  in  a  g lass   tube.   P r io r   to  t e s t i n g ,   the  z e o l i t e   i s  

t r e a t e d   with  a  s t ream  of  a i r   at  538°C  (1000°F)  for  at  l e a s t   15 



minutes .   The  z e o l i t e   is  then  f lushed   with  helium  and  t h e  

t e m p e r a t u r e   a d j u s t e d   to  give  an  o v e r a l l   convers ion   between  10%  and 

60  p e r c e n t .   The  mixture  of  hydroca rbons   is  passed  at  1  l i q u i d  

hour ly   space  v e l o c i t y   (LHSV)  ( i . e . ,   1  volume  of  l i q u i d   h y d r o c a r b o n  

per  volume  of  z e o l i t e   per  hour)  over  the  z e o l i t e   with  a  h e l i u m  

d i l u t i o n   to  give  a  helium  to  t o t a l   hydrocarbon  mole  r a t i o   of  4  t o  

1.  After   20  minutes  on  s t ream,   a  sample  of  the  e f f l u e n t   is  t a k e n  

and  ana lyzed ,   most  c o n v e n i e n t l y   by  gas  chromatography,   to  d e t e r m i n e  

the  f r a c t i o n   remaining  unchanged  for  each  of  the  two  h y d r o c a r b o n s .  

The  C o n s t r a i n t   Index  is  c a l c u l a t e d   as  f o l l o w s :  

The  C o n s t r a i n t   Index  approx imates   the  r a t i o   of  the  c r a c k i n g  

r a t e   c o n s t a n t s   for  the  two  h y d r o c a r b o n s .   Z e o l i t e s   s u i t a b l e   for  t h e  

p r e sen t   i n v e n t i o n   are  those  having  a  C o n s t r a i n t   Index  in  t h e  

approximate   range  of  1  to  12.  C o n s t r a i n t   Index  (CI)  va lues   for  some 

t y p i c a l   z e o l i t e s   a r e :  



It  is  to  be  r e a l i z e d   t h a t   the  above  C o n s t r a i n t   Index  v a l u e s  

t y p i c a l l y   c h a r a c t e r i z e   the  s p e c i f i e d   z e o l i t e s   but  tha t   such  are  t h e  

cumulat ive  r e s u l t   of  s eve ra l   v a r i a b l e s   used  in  d e t e r m i n a t i o n   and 

c a l c u l a t i o n   t h e r e o f .   Thus,  for  a  given  z e o l i t e   depending  on  t h e  

t e s t   t empe ra tu r e ,   the  C o n s t r a i n t   Index  may  vary  wi th in   the  i n d i c a t e d  

approximate  range  of  1  to  12.  Likewise ,   o ther   v a r i a b l e s   such  as  t h e  

c r y s t a l   s ize  of  the  z e o l i t e ,   the  p resence   of  p o s s i b l e   occ luded  

contaminants   and  b inders   i n t i m a t e l y   combined  with  the  z e o l i t e   a f f e c t  

the  C o n s t r a i n t   Index.  I t   wi l l   a c c o r d i n g l y   be  under s tood   by  t h o s e  

s k i l l e d   in  the  ar t   t ha t   the  C o n s t r a i n t   Index,  as  u t i l i z e d   h e r e i n ,  

while  a f f o r d i n g   a  h ighly   use fu l   means  for  c h a r a c t e r i z i n g   t h e  

z e o l i t e s   of  i n t e r e s t   is  approximate ,   t ak ing   in to   c o n s i d e r a t i o n   t h e  

manner  of  i t s   d e t e r m i n a t i o n ,   with  p r o b a b i l i t y ,   in  some  i n s t a n c e s ,   o f  

compounding  v a r i a b l e   e x t r e m e s .  

The  c lass   of  z e o l i t e s   def ined   he re in   is  exempl i f i ed   by 

ZSM-5,  ZSM-11,  ZSM-12,  ZSM-23,  ZSM-35,  ZSM-38,  and  o ther   s i m i l a r  

m a t e r i a l s .   U.S.  Pa ten t   No.  3 ,702 ,886 ,   d e s c r i b e s   ZSM-5. 

ZSM-11  is  desc r ibed   in  U.S.  Pa t en t   No.  3 , 7 0 9 , 9 7 9 .  

ZSM-12  is  desc r ibed   in  U.S.  Pa t en t   No.  3 , 8 3 2 , 4 4 9 .  
ZSM-23  is  desc r ibed   in  U.S.  Pa ten t   No.  4 , 0 7 6 , 8 4 2 .  

ZSM-35  is  desc r ibed   in  U.S.  Pa t en t   No.  4 , 0 1 6 , 2 4 5 .  

ZSM-38  is  desc r ibed   in  U.S.  Pa ten t   No.  4 , 0 4 6 , 8 5 9 .  
The  s p e c i f i c   z e o l i t e s   d e s c r i b e d ,   when  p repared   in  t h e  

presence  of  organic   c a t i o n s ,   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  the  i n t r a c r y s t a l l i n e   free  space  is  occupied   by  o r g a n i c  
ca t ions   from  the  forming  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 ne r t   a tmosphere,   followed  by  base  exchange  with  ammonium 

s a l t s   followed  by  c a l c i n a t i o n .  

Natural   z e o l i t e s   may  sometimes  be  conve r t ed   to  th i s   t y p e  

z e o l i t e   c a t a l y s t   by  va r ious   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 tmen t s   such  as  base  exchange,  s t eaming ,   alumina  e x t r a c t i o n   and  

c a l c i n a t i o n ,   in  combina t ions .   Natura l   m ine ra l s   which  may  be  so  

t r e a t e d   inc lude  f e r r i e r i t e ,   b r e w s t e r i t e ,   s t i l b i t e ,   d a c h i a r d i t e ,  

e p i s t i l b i t e ,   h e u l a n d i t e ,   and  c l i n o p t i l o l i t e .   The  p r e f e r r e d  



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 s   are  ZSM-5,  ZSM-11,  ZSM-12,  ZSM-23, 

ZSM-38  and  ZSM-35,  with  ZSM-5  p a r t i c u l a r l y   p r e f e r r e d .  
When  s y n t h e s i z e d   in  the  a l k a l i   metal  form,  the  z e o l i t e   i s  

c o n v e n i e n t l y   conver ted   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   format ion  of  the  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 ld   t h e  

hydrogen  form.  In  a d d i t i o n   to  the  hydrogen  form,  o ther   forms  of  t h e  

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 ep laced   by  ion  exchange  w i t h  

other   s u i t a b l e   ions  of  Groups  IB  to  VIII  of  the  P e r i o d i c   T a b l e ,  

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  or  rare   ea r th   m e t a l s .  

In  p r a c t i c i n g   the  d e s i r e d   conve r s ion   p r o c e s s ,   i t   i s  

d e s i r a b l e   to  i n c o r p o r a t e   the  a b o v e - d e s c r i b e d   c r y s t a l l i n e  

a l u m i n o s i l i c a t e   z e o l i t e   in  ano ther   m a t e r i a l   r e s i s t a n t   to  t h e  

t empera tu re   and  o ther   c o n d i t i o n s   employed  in  the  p roces s .   Such 

matr ix  m a t e r i a l s   i nc lude   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   s u b s t a n c e s  

as  well  as  i no rgan ic   m a t e r i a l s   such  as  c lay ,   s i l i c a   and/or   m e t a l  

oxides .   The  l a t t e r   may  be  e i t h e r   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  gels   i n c l u d i n g   mix tures   of  s i l i c a   and 

metal  oxides .   N a t u r a l l y   occu r r i ng   clays  which  can  be  c o m p o s i t e d  

with  the  z e o l i t e   i nc lude   those  of  the  m o n t m o r i l l o n i t e   and  k a o l i n  

f a m i l i e s ,   which  f a m i l i e s   inc lude   the  s u b - b e n t o n i t e s   and  the  k a o l i n s  

commonly  known  as  Dixie ,   McNamee-Georgia  and  F l o r i d a   c lays   or  o t h e r s  

in  which  the  main  minera l   c o n s t i t u e n t   is  h a l l o y s i t e ,   k a o l i n i t e ,  

d i c k i t e ,   n a c r i t e   or  a n a u x i t e .   Such  c lays  can  be  used  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   to  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 .  

In  add i t i on   to  the  fo rego ing   m a t e r i a l s ,   the  z e o l i t e s  

employed  here in   may  be  composi ted  with  a  porous  matr ix   m a t e r i a l ,  

such  as  alumina,  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 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  

compos i t ions ,   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 ,   s i l i c a - a l u m i n a - m a g n e s i a   and  s i l i c a - m a g n e s i a -  

z i r c o n i a .   The  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 

inorgan ic   oxide  gel  matrix  may  vary  widely  with  the  z e o l i t e   c o n t e n t  

ranging  from  between  1  to  99  pe rcen t   by  weight  and  more  u sua l ly   i n  

the  range  of  55  to  about  80  percent   by  weight  of  the  c o m p o s i t e .  

The  method  of  forming  the  p a r t i c l e   or  e x t r u d a t e   of  t h e  

des i red   d iameter   s ize   is  accomplished  accord ing   to  c o n v e n t i o n a l  

t echn iques   in  the  p r io r   a r t ,   and  no  p a r t i c u l a r   nove l ty   is  claimed  i n  

the  method  of  making  the  m a t e r i a l .   In  genera l   for  fo rming  

c y l i n d r i c a l   e x t r u d a t e s ,   a  mixture  of  a  s u i t a b l e   z e o l i t e   such  a s  

ZSM-5  c o n t a i n i n g   a  hydrogena t ion   component  and  an  i no rgan i c   o x i d e  

matrix  such  as  alumina  in  a  s u i t a b l e   weight  r a t i o ,   i . e . ,   65  w e i g h t  

percent   z e o l i t e ;   35  weight  percent   alumina;   are  mixed  with  water  and 

extruded  through  a  .0625  inch  to  a  c o n v e n t i o n a l   commercial  e x t r u d e r  

such  as  a  C a l i f o r n i a   p e l l e t   mil l   having  the  a p p r o p r i a t e   d i a m e t e r  

hole,   i . e . ,   from  0.3  to  1.3  mm  (.0125  to  .05  i nch ) .   The  e x t r u d a t e  

is  then  d r ied   and  c a l c ined   at  e l e v a t e d   t e m p e r a t u r e s ,   i . e . ,   538°C 

(1000°F)  for  about  3  hours.   Nei ther   the  drying  nor  the  c a l c i n a t i o n  

time  is  p a r t i c u l a r l y   c r i t i c a l ,   and  i t   is  the  c o n v e n t i o n a l   time  u sed  

in  making  e x t r u d a t e s .  

Po ly lobes   i nc lud ing   t r i l o b e s   and  quadru lobes   are  known  i n  

the  art   and  c o n v e n t i o n a l   p rocesses   for  t h e i r   p r e p a r a t i o n   a r e  

d i s c l o s e d   in  U.  S.  Pa ten t   4 , 4 4 7 , 3 1 4 .  

Ex t rus ion   is  also  usefu l   for  forming  o ther   shapes  o f  

p a r t i c l e s   t ha t   are  d e s i r a b l e   for  t h i s   c a t a l y s t .   These  are  formed  by 

using  s u i t a b l e   shaped  o r i f i c e s   in  the  die  p l a t e   of  the  e x t r u d e r .  

U.S.  Pa ten t   No.  3 ,674,680  to  H o e k s t r a - e t   al .   r e p r e s e n t s   a  s u i t a b l e  

e x t r u d a t e   shape;  U.  S.  3 ,674,680  uses  small   c a t a l y s t   shapes  w h e r e i n  

a l l   points   in  the  p a r t i c l e s   are  l ess   than  0.4  mm  (0.015  inch)  from  a  
sur face   of  the  p a r t i c l e .   Shapes  having  a  c o n f i g u r a t i o n   of  c r o s s ,  
c lover   l e a f ,   quadrulobe  or  t r i l o b e   such  as  in  U.  S.  3 ,857,780  a r e  

operable   here ,   so  long  as  the  maximum  dimension  of  the  cross  s e c t i o n  

of  the  lobes  or  shapes  is  such  tha t   the  maximum  d i f f u s i o n   d i s t a n c e  

is  less   than  0.6  mm  (0.025  inches)   from  the  p a r t i c l e   s u r f a c e .  



S p h e r i c a l   or  n e a r - s p h e r i c a l   p a r t i c l e s   w i t h i n   the  s p e c i f i e d  

dimension  range  of  the  su r f ace   are  also  o p e r a b l e   h e r e i n .   These 

g e n e r a l l y   are  formed  from  f r e s h l y   ex t ruded   m a t e r i a l ,   for  example,  by 

a  p rocess   where  the  e x t r u d a t e   is  reshaped  in  a  s p i n n i n g   vesse l   o r  

drum.  Such  equipment  is  a v a i l a b l e   commerc ia l ly   as  marumerizers   from 

the  Eli   Lily  Company  and  o t h e r s .  



Examples  1  -  3  

Three  d i f f e r e n t   lube  ba se s tocks   were  p r epa red   from  an  

Arabian  Light   crude.  Typical   p r o p e r t i e s   of  the  t h r e e   m a t e r i a l s   a r e  

given  in  Table  1 .  

Charge  stock  A,  a  345  b r i g h t   s tock ,   was  p repa red   by  p ropane  

d e a s p h a l t i n g   the  vacuum  r e s i d .   The  d e a s p h a l t e d   o i l   was  t h e n  

f u r f u r a l   e x t r a c t e d   to  reduce  the  a romat ics   c o n t e n t .  

Charge  stock  B,  a  339  heavy  n e u t r a l ,   was  p repa red   by  vacuum 

d i s t i l l a t i o n .   This  heavy  vacuum  d i s t i l l a t e   was  then  f u r f u r a l  

e x t r a c t e d   to  reduce  the  a romat ics   c o n t e n t .  

Charge  stock  C,  a  318  l i g h t   n e u t r a l ,   was  a l so   prepared   by 

vacuum  d i s t i l l a t i o n .   This  l i g h t   vacuum  d i s t i l l a t e   was  a lso   f u r f u r a l  

e x t r a c t e d   to  lower  the  a romat i c s   c o n t e n t .  





EXAMPLE  4 

A  n i cke l   ZSM-5  c a t a l y s t   combined  with  an  alumina  mat r ix   and 

ext ruded  to  a  d iameter   of  1.6  mm  (0.0625  inch)  was  p repared   a s  

f o l l o w s :  

Dried  sodium  form  ZSM-5  c r y s t a l s   and  Kaiser  SA  a l u m i n a  

powder  (alpha  alumina  monohydrate)   were  blended  in  a  r a t i o   of  65 

pa r t s   by  wt  ZSM-5  and  35  pa r t s   by  wt  Al2O3  (both  on  a  d ry  

b a s i s ) ,   ex t ruded  to  1.6  mm  (.0625  inch)  diameter   c y l i n d e r s   and  

c a l c i n e d   for  t h ree   hours  at  538°C  (1000°F).   The  c a l c i n e d   p r o d u c t  

was  exchanged  with  NH4NO3  s o l u t i o n   to  low  sodium  and  then  w i t h  

ni(N03)2  s o l u t i o n .   It  was  dr ied   and  then  ca l c ined   at  538°C 

(1000°F).   The  n i cke l   con ten t   was  1.3  weight  percent   and  the  sodium 

was  0.02  weight  p e r c e n t .  

The  c a l c i n e d   e x t r u d a t e   was  then  steamed  at  482°C  ( 9 0 0 ° F )  

for  six  hours .   The  measured  alpha  a c t i v i t y   was  6 8 .  



EXAMPLE  5 

A  n i cke l   ZSM-5  c a t a l y s t   combined  with  an  alumina  matr ix  and  

extruded  to  a  d iamete r   of  0.8  mm  (0.03125  inch)  was  prepared  a s  

f o l l o w s :  

This  c a t a l y s t   was  pepared  by  the  same  procedure  as  Example 

4,  except  t h a t   the  e x t r u d a t e s   produced  were  0.8  mm  (1/32  i n c h )  

d i a m e t e r .  

The  n i c k e l   con t en t   was  1.0  weight  percent   and  the  sodium 

was  0.03  weight  p e r c e n t .   The  measured  alpha  a c t i v i t y   was  75 .  

The  p h y s i c a l   p r o p e r t i e s   of  the  c a t a l y s t   prepared  i n  

accordance  with  Examples  4  and  Examples  5  are  shown  in  Table  2 .  



It  is  to  be  unders tood  tha t   the  c a t a l y s t   can  be  employed  in  t h e  

fresh  s t a t e   or  can  be  s u b j e c t e d   to  a  mild  s teaming  t r ea tmen t   a t  

e l e v a t e d   t empera tu res   from  427  to  816°C  (800  to  1500°F)  and 

p r e f e r a b l y   427  to  649°C  (800  to  1200°F).  The  t r e a t m e n t   may  be 

accomplished  in  a tmospheres   of  100  percent   steam  or  at  a tmospheres  

c o n s i s t i n g   of  steam  and  a  gas  which  is  s u b s t a n t i a l l y   i n e r t   to  t h e  

z e o l i t e s .   A  s i m i l a r   t r e a t m e n t   can  be  accompl ished  at  lower  

t empera tu res   and  e l e v a t e d   p r e s s u r e s ,   e . g . ,   177  to  371°C  (350  t o  

700°F)  at  10  to  about  200  a t m o s p h e r e s .  

In  the  exper iments   which  follow  a  c a t a l y s t   of  Examples 

4  and  5  were  t r e a t e d   with  steam  at  482°C  (900°F)  for  6  h o u r s .  



EXAMPLE  6 

In  order   to  demons t ra t e   tha t   the  novel  p rocess   of  t h i s  

inven t ion   does  not  r e s u l t   in  i nc reased   b e n e f i t   with  a l l   f e e d s t o c k s ,  

exper iments   were  c a r r i e d   out  using  the  r a f f i n a t e   i d e n t i f i e d   as  Feed 

C  in  Table  1.  As  can  be  seen,  t h i s   f eeds tock   is  o u t s i d e   the  s c o p e  
of  t h i s   i n v e n t i o n   s ince   i t s   50  volume  percent   b o i l i n g   point   is  below 

482°C  (900°F).   C a t a l y s t s   of  Examples  4  and  5  were  used  to  p r o c e s s  
t h i s   feed  m a t e r i a l   to  a  pour  point   of  -7°C  (+200F).  The  dewaxing 

c o n d i t i o n s   are  as  f o l l o w s :  

Figure  1  shows  the  r e s u l t s   ob ta ined   u t i l i z i n g   the  c a t a l y s t   o f  

Example  4  having  a  1.6  mm  (0.0625  inch)  d iameter   e x t r u d a t e .   F i g u r e  

2  shows  the  r e s u l t s   ob ta ined   using  the  c a t a l y s t   of  the  i n v e n t i o n ,  

0.8  mm  (0.03125  inch)   d iameter   e x t r u d a t e   (Example  5).  Both 

c a t a l y s t s   had  undergone  previous   dewaxing  cyc les   with  s u b s e q u e n t  

high  t empera tu re   hydrogen  r e a c t i v a t i o n s .  

Following  r e l a t i v e l y   rapid  i n i t i a l   aging  2.8  to  3.90C  (5  t o  

7°F)  per  day,  both  c a t a l y s t s   l ined  out  and  aged  at  about  0 .56°C 

(1°F)  per  day.  Thus,  no  advantage  is  ev ident   for  dewaxing  l i g h t  

s tocks   with  c a t a l y s t s   having  maximum  d i f f u s i o n   d i s t a n c e s   l e s s   t h a n  

0.8  mm  (.03125  inch)  i . e . ,   1.6  mm  (.0625  inch)  d iamete r   e x t r u d a t e .  



EXAMPLE  7 

The  c a t a l y s t s   of  Examples  4  and  5  were  used  to  dewax  t h e  

heavy  n e u t r a l   r a f f i n a t e   i d e n t i f i e d   as  Feed  B  to  a  pour  point   of  -7°C 

(+20°F).  The  dewaxing  cond i t i ons   were  i d e n t i c a l   to  those  used  i n  

Example  6 .  

The  r e s u l t s   of  th is   exper iment   are  shown  in  Figure  3 .  

As  can  be  seen  in  Figure  3  the  d o t t e d   l i ne   r e p r e s e n t s   t h e  

r e s u l t s   ob ta ined   with  the  1.6  mm  (0.0625  inch)  d iameter   c a t a l y s t ,  

i . e . ,   Example  4,  whereas  the  so l id   l i ne   r e p r e s e n t s   a  plot   of  t h e  

c a t a l y s t   of  Example  5,  i . e . ,   0.8  mm  ( .03125  inch)  d iameter .   As  can  

be  seen,  a  lower  s t a r t   of  cycle  t e m p e r a t u r e   was  ob ta ined   using  t h e  

0.8  mm  (.03125  inch)  c a t a l y s t ,   i . e . ,   282°C  (540°F)  as  opposed  to  t h e  

1.6  mm  (.0625  inch)  c a t a l y s t ,   i . e . ,   291°C  (555°F).   The  1.6  mm 
(.0625  inch)  c a t a l y s t   aged  at  2.22°C  (4°F)  per  day,  whereas  the  0 . 8  

mm  (.03125  inch)  c a t a l y s t   aged  at  2.44°C  (4 .4°F)   per  day ,  

e s s e n t i a l l y   e q u i v a l e n t .   As  can  be  seen  from  the  above  d a t a ,  

a l though  the  0.8  mm  (.03125  inch)  c a t a l y s t   r e s u l t e d   in  a  lower  

s t a r t - o f - c y c l e   t empera tu re ,   i t s   aging  r a t e   was  equal  to  the  1.6  mm 
(.0625  inch)  c a t a l y s t .  



EXAMPLE  8 

After   reaching  end  of  cycle  c o n d i t i o n s ,   both  the  c a t a l y s t s  

used  in  Example  6  were  r e a c t i v a t e d   by  t r e a t m e n t   with  hydrogen  a t  

about  482°C  (900°F)  for  24  hours .   They  were  then  r e c o n t a c t e d   w i t h  

the  same  f eeds tock   used  in  Example  6  under  the  exact   same  o p e r a t i n g  

c o n d i t i o n s ,   and  the  r e s u l t s   are  shown  in  Figure  4.  As  can  be  s e e n ,  

during  the  second  cycle ,   the  0.8  mm  (.03125  inch)  d iameter   c a t a l y s t  

r e p r e s e n t e d   by  the  so l id   l ine   had  a  s t a r t - o f - c y c l e   t e m p e r a t u r e   o f  

289°C  (552°F)  as  compared  to  293°C  (560°F)  for  the  1.6  mm  ( . 0 6 2 5  

inch)  d iamete r   c a t a l y s t .   However,  the  0.8  mm  (.03125  inch)  d i a m e t e r  

c a t a l y s t   aged  at  3.11°C  (5.6°F)   per  day  whereas  the  1.6  mm  ( . 0 6 2 5  

inch)  d iamete r   c a t a l y s t   aged  at  5.56°C  (10°F)  per  d a y .  

Quite  obvious ly ,   the  above  e x p e r i m e n t a l   r e s u l t s   d e m o n s t r a t e  

the  lower  aging  c h a r a c t e r i s t i c s   of  u t i l i z i n g   the  sma l l e r   e x t r u d a t e .  

This  advantage   was  not  observed  with  318LN  (Example  6).  Moreover ,  

the  advan tages   of  the  i nven t ion   become  more  pronounced  w i t h  

r e a c t i v a t e d   c a t a l y s t s .  



EXAMPLE  9 

Following  the  runs  of  Example  8  both  c a t a l y s t s   were  a g a i n  

r e a c t i v a t e d   by  hea t i ng   the  same  in  the  p resence   of  hydrogen  at  482°C 

(900°F)  for  24  hours .   The  two  c a t a l y s t s   were  then  used  to  dewax  a  

b r i g h t   s tock  having  the  p r o p e r t i e s   se t   f o r th   under  Feed  A  in  T a b l e  

1.  The  r e s u l t s   of  the  e x p e r i m e n t a t i o n   are  shown  in  Figure  5.  The 

base  case  c a t a l y s t   1.6  mm  (0.0625  inch)   d iamete r   e x t r u d a t e ,   as  shown 

by  the  dashed  l i n e ,   had  a  299°C  (570°F)  s t a r t - o f - c y c l e   a c t i v i t y   and 

aged  at  5°C  (9°F)  per  day.  The  i n v e n t i o n   c a t a l y s t   0.8  mm  (0 .03125  

inch)  d iameter   e x t r u d a t e ,   as  shown  by  the  s o l i d   l i n e ,   had  a  284°C 

(544°F)  s t a r t - o f - c y c l e   a c t i v i t y   and  aged  at  only  2.33°C  (4.2°F)  p e r  

day.  This  r e s u l t   demons t ra tes   t ha t   l ower ing   -the  c a t a l y s t ' s   maximum 

d i f f u s i o n   d i s t a n c e   improved  performance  for  dewaxing  b r i gh t   s t o c k  

lube  m a t e r i a l .  



EXAMPLE  10 

The  previous  examples  have  c i t e d   0.8  mm  (1/32nd  i n c h )  

d iameter   ex t ruda t e   c a t a l y s t .   This  example  demons t ra tes   tha t   a 

s i m i l a r   c a t a l y s t   s t a b i l i t y   b e n e f i t   can  also  be  achieved  by  c r u s h i n g  

l a rge   e x t r u d a t e s   to  smal le r   p a r t i c l e s   having  a  d i f f u s i o n   l e n g t h  

encompassed  in  t h i s   i n v e n t i o n .   The  c a t a l y s t   of  Example  4  was 

crushed  and  s ieved  to  two  s i z e s :   20/30  mesh  and  60/80  mesh.  The 

average  p a r t i c l e   s i zes   were  0.6  mm  (0.025  inch)  and  0.1  mm  ( . 0 0 5  

inch ) ,   r e s p e c t i v e l y .   Maximum  d i f f u s i o n   d i s t a n c e s   were  0.3  mm 

(0.0125  inch)  and  0.06  mm  (0.0025  i nch ) ,   r e s p e c t i v e l y .   These  t h r e e  

c a t a l y s t s   were  used  to  dewax  an  Arabian  Light  b r igh t   s tock  ( s e e  

Table  3  for  p r o p e r t i e s )   at  0.75  LHSV.  The  r e s u l t s   are  shown  i n  

Figure  6.  The  c a t a l y s t   of  Example  4  e x t r u d a t e   c a t a l y s t   had  a 

s t a r t - o f - c y c l e   a c t i v i t y   of  278°C  (533°F)  and  aged  at  1.67°C  (3°F)  

per  day.  The  20/30  mesh  c a t a l y s t   had  a  s t a r t - o f - c y c l e   a c t i v i t y   o f  

278°C  (532°F)  and  aged  at  only  0.83°C  (1 .5°F)   per  day.  Going  t o  

even  smal le r   p a r t i c l e s   gave  a  s l i g h t   s t a r t - o f - c y c l e   a c t i v i t y  

b e n e f i t .  





1.  A  process   for  dewaxing  a  pe t roleum  f eeds tock   having  an  

i n i t i a l   b o i l i n g   point   of  at  l e a s t   371°C  (7000F)  and  a  50  volume 

percent   b o i l i n g   po in t   of  at  l e a s t   482°C  (900°F)  wherein  s a i d  

hydrocarbon  is  c o n t a c t e d   in  the  presence   of  added  hydrogen  at  a 

t empera ture   of  232  to  427°C  (450  to  800°F)  with  a  dewaxing  c a t a l y s t  

compris ing  a l u m i n o s i l i c a t e   z e o l i t e   having  a  s i l i c a - t o - a l u m i n a   r a t i o  

of  g r e a t e r   than  12  and  a  C o n s t r a i n t   Index  of  1  to  about  12  and 

wherein  said  a l u m i n o s i l i c a t e   z e o l i t e   is  composi ted  with  an  i n o r g a n i c  

oxide  b inder   and  c h a r a c t e r i z e d   by  using  a  c a t a l y s t   composite   h a v i n g  

a  maximum  d i f f u s i o n   d i s t a n c e   of  less   than  0.6  mm  (0.025  i n c h ) .  

2.  The  process   of  claim  1  wherein  the  c a t a l y s t   c o m p o s i t e  

is  in  e x t r u d a t e   form  having  a  d iameter   of  l ess   than  about  1.3  mm 

(0.05  i n c h ) .  

3.  The  process   of  claim  1  wherein  the  c a t a l y s t   c o m p o s i t e  

is  in  e x t r u d a t e   form  with  a  diameter   of  about  0.8  mm  ( 0 . 0 3 1 2 5  

i n c h ) .  

4.  The  process   of  claim  1  wherein  the  c a t a l y s t   c o m p o s i t e  

is  in  bead  or  s p h e r i c a l   form  with  a  maximum  d i f f u s i o n   d i s t a n c e   o f  

less   than  0.6  mm  (0.025  i n c h ) .  

5.  The  process   of  claim  1  wherein  the  c a t a l y s t   c o m p o s i t e  

is  in  the  form  of  a  hollow  cen tered   shaped  e x t r u d a t e   or  m o n o l i t h i c  

form  having  a  maximum  d i f f u s i o n   d i s t a n c e   of  less   than  0.6  mm  ( 0 . 0 2 5  

i n c h ) .  

6.  The  process   of  claim  1  wherein  the  c a t a l y s t   c o m p o s i t e  

is  a  t r i l o b e   or  quadrulobe   e x t r u d a t e   having  a  maximum  d i f f u s i o n  

d i s t a n c e   of  l ess   than  0.6  mm  (0.025  i n c h ) .  

7.  The  process   of  claim  1  wherein  the  c a t a l y s t   compos i t e  

is  in  p e l l e t e d   form  having  a  maximum  d i f f u s i o n   d i s t a n c e   of  less   t h a n  

about  0.6  mm  (0.025  i n c h ) .  

8.  The  process   of  claim  1  wherein  the  i no rgan i c   oxide  i s  

alumina,   s i l i c a ,   magnesia ,   t i t a n i a ,   or  a  combinat ion  t h e r e o f .  



9.  The  p r o c e s s  o f   any  of  claims  1  to  8  wherein  the  z e o l i t e  
is  ZSM-5. 

10.  The  process   of  any  of  claims  1  to  9  wherein  t h e  
c a t a l y s t   composite  i nc ludes   a  hydrogena t ion   componen t .  
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