
European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  1 0 4   8 0 7  

A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  83305125.3  ©  Int.  CI.3:  C  10  G  4 5 / 6 4  

©  Date  of  filing:  05.09.83 

©  Priority:  28.09.82  US  425842  ©  Applicant:  MOBIL  OIL  CORPORATION 
150  East  42nd  Street 
New  York  New  York  10017(US) 

©  Date  of  publication  of  application: 
04.04.84  Bulletin  84/14  @  Inventor:  Tabak,  Samuel  Allen 

204  East  Pine  Street 
©  Designated  Contracting  States:  Wenonah  New  Jersey  08090(US) 

BE  DE  FR  GB  IT  NL 
©  Inventor:  Shih,  Stuart  Shan-San 

7  Ablnger  Lane 
Cherry  Hill  New  Jersey  08003IUS) 

©  Representative:  West,  Alan  Harry 
Mobil  Court  3  Clements  Inn 
London  WC2A2EB(GB) 

01 
<  

r> 
o  
oo 

<t 
o  

©  Use  of  high  pressure  to  Improve  product  quality  and  increase  cycle  length  in  catalytic  lube  dewaxing. 
©  A  process  for  preparing  high  quality  lube  base  stock  oil 
from  waxy  crude  oil  is  provided  which  comprises  separating 
from  the  waxy  crude  a  distillate  fraction  thereof  having  an 
initial  boiling  point  of  at  least  232°C  (450°F)  and  a  final  boiling 
point  labs  than  566°C  (1050°F),  extracting  the  distillate 
fraction  with  a  solvent  selective  for  aromatic  hydrocarbons 
to  yield  a  raffinate  from  which  undesirable  compounds  have 
been  removed,  catalytically  dewaxing  the  raffinate  in  the 
presence  of  hydrogen  to  a  pour  point  not  higher  than  -1°C 
(+30°F)  by  contacting  the  raffinate  at  a  temperature  of  260°C 
to  385°C  (500°  to  725°F)  at  a  hydrogen  partial  pressure  of 
above  10350  kPa  (1500  psia)  in  the  absence  of  hydrotreating 
catalyst  with  a  dewaxing  catalyst  comprising  an  aluminosili- 
cate  zeolite  having  a  silica/alumina  ratio  above  12  and  a 
constraint  index  of  from  1  to  12  thereby  forming  dewaxed 
raffinate  and  lower  boiling  hydrocarbons,  and  topping  the 
raffinate  subsequent  to  dewaxing  to  remove  therefrom  the 
lower  boiling  hydrocarbons;  thereby  directly  recovering 
substantially  all  of  the  remainder  of  the  dewaxed  raffinate, 
the  remainder  having  a  pour  point  not  higher  than  -1°C 
(+30°F). 
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  A  process  for  preparing  high  quality  lube  base  stock  oil 
from  waxy  crude  oil  is  provided  which  comprises  separating 
from  the  waxy  crude  a  distillate  fraction  thereof  having  an 
initial  boiling  point  of  at  least  232°C  (450°F)  and  a  final  boiling 
point  labs  than  566°C  (1050°F),  extracting  the  distillate 
fraction  with  a  solvent  selective  for  aromatic  hydrocarbons 
to  yield  a  raffinate  from  which  undesirable  compounds  have 
been  removed,  catalytically  dewaxing  the  raffinate  in  the 
presence  of  hydrogen  to  a  pour  point  not  higher  than -1°C 
(+30°F)  by  contacting  the  raffinate  at  a  temperature  of  260°C 
to  385°C  (500°  to  725°F)  at  a  hydrogen  partial  pressure  of 
above  10350  kPa  (1500  psia)  in  the  absence  of  hydrotreating 
catalyst  with  a  dewaxing  catalyst  comprising  an  aluminosili- 
cate  zeolite  having  a  silica/alumina  ratio  above  12  and  a 
constraint  index  of  from  1  to  12  thereby  forming  dewaxed 
raffinate  and  lower  boiling  hydrocarbons,  and  topping  the 
raffinate  subsequent  to  dewaxing  to  remove  therefrom  the 
lower  boiling  hydrocarbons;  thereby  directly  recovering 
substantially  all  of  the  remainder  of  the  dewaxed  raffinate, 
the  remainder  having  a  pour  point  not  higher  than  -1°C 
(+30°F). 



This  i n v e n t i o n   r e l a t e s   to  the  manufacture   of  high  q r ade  

viscous  oi l   p roduc t s   from  crude  petroleum  f r a c t i o n s ,   p a r t i c u l a r l y  

high  qua l i t y   lube  base  stock  o i l s   from  crude  s tocks   of  high  wax 

con ten t ,   commonly  c l a s s i f i e d   as  "wax  base"  as  compared with  t h e  

"naphthenic   base"  crudes.   The  l a t t e r   crudes  are  r e l a t i v e l y   lean  i n  

s t r a i g h t   chain  p a r a f f i n s   and  y ie ld   viscous  f r a c t i o n s   which 

i n h e r e n t l y   possess   low  pour  p o i n t s .  

A  process   for  prepar ing  high  q u a l i t y   lube  base  stock  o i l  

from  waxy  crude  o i l   which  comprises  s e p a r a t i n g   from  the  waxy  crude  a 

d i s t i l l a t e   f r a c t i o n   t h e r e o f   having  an  i n i t i a l   bo i l i ng   point   of  a t  

l e a s t   232°C  (450°F)  and  a  f i na l   boi l ing   point   less   than  566°C 

(1050°F),  e x t r a c t i n g   the  d i s t i l l a t e   f 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  aromat ic   hydrocarbons  to  y i e ld   a  r a f f i n a t e   from  which 

u n d e s i r a b l e   compounds  have  been  removed,  c a t a l y t i c a l l y   dewaxing  t h e  

r a f f i n a t e   in  the  presence  of  hydrogen  to  a  pour  point   not  h i g h e r  

than  -1°C  (+30°F)  by  con tac t ing   t h e r a f f i n a t e   at  a  t empera ture   o f  

260°  to  385°C  (500°  to  725°F)  at  a  hydrogen  p a r t i a l   p ressure   o f  

10,350  kPa  (1,500  psia)   in  the  absence  of  h y d r o t r e a t i n g   c a t a l y s t  

with  a  dewaxing  c a t a l y s t   comprising  an  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 / a l u m i n a   r a t i o   above  12  and  a  c o n s t r a i n t   i ndex  

between  1  and  12  thereby  forming  dewaxed  r a f f i n a t e   and  lower  b o i l i n g  

hydrocarbons ,   and  topping  the  r a f f i n a t e   subsequent   to  dewaxing  t o  

remove  theref rom  the  l o w e r  b o i l i n g   hydrocarbons,   d i r e c t l y   r e c o v e r i n g  

s u b s t a n t i a l l y   a l l   of  the  remainder  of  the  dewaxed  r a f f i n a t e ,   t h e  

remainder  having  a  pour  point  not  higher  than  -1°C  (+30°F) .  

High  qua l i ty   lube  base  stock  o i l s   are  c o n v e n t i o n a l l y  

prepared  b y  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  oil   from  which  the  l i g h t e r  

por t ion   has  been  removed  by  d i s t i l l a t i o n   in  an  a tmospher ic   t ower .  

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

"long  residuum,"  and  the  residuum  from  the  vacuum  tower  i s  



d i s t i n g u i s h e d   from  the  s t a r t i n g   m a t e r i a l   by  r e f e r r i n g   to  i t   as  t h e  

" shor 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  sequence  
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  

so lven t   s e l e c t i v e   for  aromatic   hydrocarbons .   This  step  serves  t o  

remove  aromatic   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   index  and  q u a l i t y .   Va r ious  

p rocesses   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 ioxide   and  o thers .   The 

shor t   residuum,  because  i t   c o n t a i n s   most  of  the  a spha l t enes   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 lven t   e x t r a c t i o n   to  i n c r e a s e   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   step  c o n t a i n s  

p a r a f f i n s   which  adve r se ly   a f f e c t   the  pour  po in 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  prepared  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 

procedures   have  been  used  and  the  art   has  gone  in  the  d i r e c t i o n   o f  

t r ea tmen t   with  a  so lven t   such  as  methyl  e thy l   ketone  (MEK)/toluene 

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  of  a  number  o f  

s o r p t i o n   or  c a t a l y t i c   p roces se s   to  improve  co lor   and  o x i d a t i o n  

s t a b i l i t y .  

The  qua l i t y   of  the  lube  base  s tock  o i l   prepared  by  t h e  

sequence  of  o p e r a t i o n s   o u t l i n e d   above  depends  on  the  p a r t i c u l a r  

crude  chosen  as  well  as  the  s e v e r i t y   of  t r e a t m e n t   for  each  of  t h e  

t r ea tmen t   s t eps .   A d d i t i o n a l l y ,   the  y ie ld   of  high  qua l i ty   lube  base  

s tock  o i l   also  depends  on  these   f a c t o r s   and,  as  a  ru le ,   the  h i g h e r  

the  q u a l i t y   sought,   the  l e s s   the  y i e ld .   In  gene ra l ,   n a p h t h e n i c  

crudes  are  favored  because  l ess   loss   is  encoun te red ,   p a r t i c u l a r l y   i n  

the  dewaxing  s tep .   In  many  cases ,   however,  waxy crudes  are  more 

r e a d i l y   a v a i l a b l e   and  i t   would  be  d e s i r a b l e   to  provide  a  process  f o r  

p repar ing   high  q u a l i t y   lube  base  stock  o i l s   in  good  y ie lds   from  such 

waxy  crude  o i l s .  



In  recent   years ,   p rocesses   for  the  s e l e c t i v e   h y d r o c r a c k i n g  

of  p a r a f f i n i c   components  to  lower  molecular   weight  f r a g m e n t s  

employing  a  z e o l i t e   c a t a l y s t   have  been  developed  to  accomplish  t h e  

dewaxing  of  crude  s tocks  of  high  wax  con ten t .   Thus,  for  example ,  

the  lube  o i l   dewaxing  process   of  U.S.  Patent   No.  3 ,337 ,447   u t i l i z e s  

a  cadmium-conta in ing   Zeo l i t e   A  c a t a l y s t .   In  accordance  with  U .S .  

Pa ten t   No.  3 ,438,887,   improved  l u b r i c a t i n g   o i l s   are  p repared   from 

waxy  d i s t i l l a t e s   by  a  sequence  of  so lvent   r e f i n i n g ,   c a t a l y t i c  

dewaxing  over  the  low  sodium  or  acid  form  of  mordeni te   c o n t a i n i n g   a 

hydrogena t ing   component  such  as  a  Group  VIII  metal  and  h y d r o f i n i n g .  

S i m i l a r   c a t a l y t i c   dewaxing  p rocesses   are  desc r ibed   in  U.S.  P a t e n t  

Nos.  3 ,539,498  and  3 ,684,684.   The  lube  oi l   dewaxing  p rocess   of  U.S.  

Pa ten t   No.  3 ,620,963  employs  a  c a t a l y t i c   mixture  of  mordeni te   and  a 

n i c k e l - t i n   component .  

La te ly ,   the  dewaxing  of  so lvent   r e f ined   waxy  crude  t o  

provide  high  q u a l i t y   lube  base  s tocks  employing  an  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   to  alumina  r a t i o   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  12  as  r ep re sen t ed   by  the  ZSM-5  c l a s s   o f  

z e o l i t e s   has  come  into  prominence.  I l l u s t r a t i v e   of  the  foregoing  i s  

the  combined  c a t a l y t i c   d e w a x i n g / c a t a l y t i c   h y d r o t r e a t i n g   p r o c e s s  
desc r ibed   in  U.S.  Patent   No.  4 ,137,148.   In  accordance  with  t h i s  

p rocess ,   a  f r a c t i o n   having  an  i n i t i a l   bo i l ing   point   of  at  l e a s t  

232°C  (450°F)  and  a  f i na l   bo i l ing   point   less   than  566°C  (1050°F)  i s  

taken  by  d i s t i l l a t i o n   of  a  wax  base  crude.  That  f r a c t i o n   is  s o l v e n t  

r e f ined   by  counter   cur ren t   e x t r a c t i o n   with  at  l e a s t   an  equal  volume 

of  a  s e l e c t i v e   so lvent   such  as  f u r f u r a l .   The  f u r f u r a l   r a f f i n a t e   i s  

s u b j e c t e d   to  c a t a l y t i c   dewaxing  by  mixing  with  hydrogen  and 

c o n t a c t i n g   at  260°-357°C  (500°-675°F)  with  a  c a t a l y s t   c o n t a i n i n g   a 

hydrogena t ion   metal  and  z e o l i t e   ZSM-5  or  other  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 / a l u m i n a   r a t i o   above  12  and  a  c o n s t r a i n t  

index  of  1  to  12  and  space  ve loc i t y   (LHSV)  of  0.1  to  2.0  volumes  o f  

charge  oi l   per  volume  of  c a t a l y s t   per  hour.  The  e f f l u e n t   o f  

c a t a l y t i c   dewaxing  is  then  cascaded  into  a  h y d r o t r e a t e r   c o n t a i n i n g ,  

as  c a t a l y s t ,   a  hydrogenat ion  component  on  a  non -ac id i c   suppor t ,   such 



as  c o b a l t - m o l y b d a t e   or  n i c k e l - m o l y b d a t e   on  alumina.  The 

h y d r o t r e a t e r   o p e r a t e s   at  218°  to  316°C  (425°  to  6000F),  p r e f e r a b l y  

2460  to  288°C  (475  to  550°F),  and  space  v e l o c i t y   l ike  tha t   of  t h e  

c a t a l y t i c   dewaxing  r e a c t o r .   The  r e a c t i o n s   are  c a r r i e d   out  a t  

hydrogen  p a r t i a l   p r e s s u r e s   of  1035-10350  kPa  (150-1500  p s i a ) ,   at  t h e  

r e a c t o r   i n l e t s ,   and  p r e f e r a b l y   at  1725-3450  kPa  (250-500  p s i a ) ,   w i t h  

89  to  890  1/1  (500  to  5000  s t anda rd   cubic  fee t )   of  hydrogen  p e r  
b a r r e l   of  feed  (SCF/B),  p r e f e r a b l y   267  to  445  1/1  (1500  to  2500 

SCF/B). 

The  h y d r o t r e a t i n g   step  of  the  p rocess   of  U.S.  Patent   No. 

4 ,137,148  is  e s s e n t i a l   i f   a  lube  base  s tock  oi l   possess ing   a d e q u a t e  

ox ida t ion   s t a b i l i t y   is  to  be  o b t a i n e d .   In  add i t i on   to  t h e  

requi rement   of  a  h y d r o t r e a t i n g   s tep ,   i t   is  necessary   to  r e a c t i v a t e  

the  c a t a l y s t   in  t h i s   process   before   l i n e d - o u t   t empera tu re   o p e r a t i o n  

is  achieved  s ince   the  l i n e d - o u t   t e m p e r a t u r e   at  the  a f o r e s t a t e d  

ope ra t ing   p r e s s u r e s   is  well  above  357°C  (675°F),   i . e . ,   a  t e m p e r a t u r e  

at  which  the  o x i d a t i o n   s t a b i l i t y   of  the  f i n a l   product  begins  to  f a l l  

off  s i g n i f i c a n t l y .  

It  has  now  been  d i scovered   t ha t   by  opera t ing   within  a  

hydrogen  p a r t i a l   p r e s su re   regime  of  at  l e a s t   10350  kPa  (1500  p s i a ) ,  

dewaxing  of  a  so lvent   r e f ined   wax  base  crude  to  provide  a  h i g h  

q u a l i t y   lube  base  s tock  o i l   can  be  accomplished  without  the  need  f o r  

a  s epa ra t e   h y d r o t r e a t i n g   step  or  h y d r o t r e a t i n g   c a t a l y s t   as  in  U.S .  

Patent   No.  4 ,137,148,   s u p r a .  

In  a d d i t i o n   to  e l i m i n a t i n g   the  requi rement   for  a  s e p a r a t e  

h y d r o t r e a t i n g   s tep,   the  p resen t   p rocess   r e s u l t s   in  a  s i g n i f i c a n t  

lowering  of  the  l i n e - o u t   t empera tu re   thereby  extending  c a t a l y s t   l i f e  

and  reducing  the  frequency  with  which  the  dewaxing  c a t a l y s t   must  be 

r e g e n e r a t e d .  

The  wax  base  crudes  (sometimes  ca l l ed   " p a r a f f i n   b a s e " )  

from  which  the  charge  stock  is  de r 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 
well  r ecognized   c l a s s   of  crude  pe t ro leums .   Many  sca les   have  been  

devised  for  c l a s s i f i c a t i o n   of  crude,  some  of  which  are  desc r ibed   i n  

Chapter  VII  Eva lua t ion   of  Oil  Stocks  of  "Petroleum  R e f i n e r y  



E n g i n e e r i n g , "   W.L.  Nelson,  McGraw-Hill,  1941.  A  convenient   s c a l e  

i d e n t i f i e d   by  Nelson  at  page  69  invo lves   de t e rmina t i on   of  the  c l o u d  

point   of  the  Bureau  of  Mines  "Key  F rac t ion   No. 2"  which  b o i l s  

between  275°C  and  300°C  (527°F  and  572°F)  at  40  mm  p r e s s u r e .   If  t h e  

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

cons ide red   to  be  wax  b a s e .  

According  to  the  p resen t   i nven t ion ,   a  propane  d e a s p h a l t e d  

shor t   residuum  f r a c t i o n   or  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   232°C  (450°F)  and  a  f i na l   bo i l ing   point   l e s s   t h a n  

566°C  (1050°F)  is  prepared  by  d i s t i l l a t i o n   of  such  wax  base  c r u d e .  

That  f r a c t i o n   is  so lven t   r e f ined   by  counter   cu r ren t   e x t r a c t i o n   w i t h  

at  l e a s t   an  equal  volume  (100  vo l .%)  o f   a  s e l e c t i v e   so lven t   such  a s  

f u r f u r a l .   It  is  p r e f e r r e d   to  use  from  1.5  to  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   is  sub jec ted   to  c a t a l y t i c  

dewaxing  by  mixing  with  hydrogen  and  con tac t ing   at  260°-385°C 

(500°-725°F)  and  a  hydrogen  p a r t i a l   p ressure   of  above  10350  kPa 

(1,500  psia)  and  p r e f e r a b l y . a t   l e a s t   13800  kPa  (2,000  psia)  with  a 

c a t a l y s t   con ta in ing   a  hydrogena t ion   metal  and  z e o l i t e   ZSM-5  or  o t h e r  

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 / a l u m i n a   r a t i o   above  12  and  a 

c o n s t r a i n t   index  of  1  to  12  and  p r e f e r a b l y   a  h y d r o g e n a t i o n  

component,  using  a  l i qu id   hourly  space  ve loc i ty   (LHSV)  of  0.1  to  2 . 0  

volumes  of  charge  oil   per  volume  of  c a t a l y s t   per  hour.  The 

p r e f e r r e d   space  ve loc i ty   is  0.5  to  1.0  LHSV. 

In  some  i n s t a n c e s   i t   may  be  d e s i r a b l e   to  p a r t i a l l y   dewax 

the  charge  s tock,   i . e . ,   s o l v e n t - e x t r a c t e d   r a f f i n a t e ,   by  c o n v e n t i o n a l  

so lven t   dewaxing  t echn iques ,   for  example,  to  a  pour  point   of  from 

-12°C  (10°F)  to  10°C  (50°F).  The  higher  melting  point   waxes  s o  
removed  are  those  of  higher   market  value  than  the  waxes  removed  i n  

c o n v e n t i o n a l l y   taking  the  product   to  a  s t i l l   lower  pour  point   below 

-12°C  ( 10°F ) .  

The  cracked  (and  hydrogenated)   fragments  from  cracking  wax 

molecules   in  the  c a t a l y t i c   dewaxer  will   have  adverse  e f f e c t s   on 

f lash   and  f i r e   po in ts   of  the  dewaxed  r a f f i n a t e   product  and  a r e  

t h e r e f o r e   removed  by  d i s t i l l a t i o n   of  the  product  to  meet  f lash   and 

f i re   point   s p e c i f i c a t i o n s .  



The  c a t a l y s t   employed  in  the  c a t a l y t i c   dewaxing  r e a c t o r   and 

the  t empera tu re   in  tha t   r e a c t o r   are  impor tan t   to  success   i n  

o b t a i n i n g   good  y i e l d s   and  very  low  pour  point   p roduc t .   The 

h y d r o t r e a t e r   c a t a l y s t   may  be  any  of  the  c a t a l y s t s   commerc i a l l y  

a v a i l a b l e   for  t ha t   purpose  but  the  t empera tu re   should  be  held  w i t h i n  

narrow  l i m i t s   for  best   r e s u l t s .  

The  so lven t   e x t r a c t i o n   technique   is  well  unders tood  in  t h e  

a r 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 jus t ed   to  the  compos i t ion   of  the  charge  s tock  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  base  s tock  and  t h e  

con templa ted   end-use.   This  s e v e r i t y   wi l l   be  de termined  in  p r a c t i c e  

of  t h i s   i nven t ion   in  accordance  with  well  e s t a b l i s h e d   p r a c t i c 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 ,   p r e f e r a b l y   a  metal  of  Group  VIII  of  the  P e r i o d i c   T a b l e , -  

a s s o c i a t e d   with  the  acid  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 / 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  f u l l y  

de sc r i bed   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  

t h i s   c l a s s   of  z e o l i t e s   is  tha t   i t   provides   c o n s t r a i n e d   access  t o ,  

and  egress   from  the  i n t r a c r y s t a l l i n e   free  space  by  v i r t u e   of  hav ing  

a  pore  dimension  g r e a t e r   than  5  Angstroms  and  pore  windows  of  abou t  

a  s ize   such  as  would  be  provided  by  10-membered  r ings   of  oxygen 
atoms.  It  is  to  be  unders tood ,   of  course,   t ha t   these  r ings  a r e  

those  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  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 ,   the  oxygen 
atoms  themselves   being  bonded  to  the  s i l i c o n   or  aluminum  atoms  a t  

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   type  z e o l i t e s  

use fu l   in  t h i s   i n v e n t i o n   possess ,   in  combinat ion:   a  s i l i c a   t o  

alumina  mole  r a t i o   of  at  l e a s t   12;  and  a  s t r u c t u r e   p r o v i d i n g  

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   to  alumina  r a t i o   r e f e r r e d   to  may  be  de t e rmined  

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 l o s e l y   as  p o s s i b l e ,   the  r a t i o   in  the  r ig id   an ion ic   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  o ther   form  wi th in   the  channels .   Although  z e o l i t e s   with  a  s i l i c a  

to  alumina  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  u s e  

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 ,   acqu i r e   an  i n t r a c r y s t a l l i n e   s o r p t i o n   capac i ty   for  normal  

hexane  which  is  g r e a t e r   than  tha t   for  water,   i . e . ,   they  e x h i b i t  

"hydrophobic"   p r o p e r t i e s .   It  is  be l ieved   that   t h i s   h y d r o p h o b i c  

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

The  type  z e o l i t e s   useful   in  t h i s   i nven t ion   f ree ly   s o r b  

normal  hexane  and  have  a  pore  dimension  g r e a t e r   than  about  5 

Angstroms.  In  a d d i t i o n ,   the  s t r u c t u r e   must  provide  c o n s t r a i n e d  

access  to  l a r g e r   molecules .   It  is  sometimes  p o s s i b l e   to  judge  from 

a  known  c r y s t a l   s t r u c t u r e   whether  such  c o n s t r a i n e d   access  e x i s t s .  

For  example,  if   the  only  pore  windows  in  a  c r y s t a l   are  formed  by 
8-membered  r ings   of  oxygen  atoms,  then  access  by  molecules  of  l a r g e r  
c r o s s - s e c t i o n   than  normal  hexane  is  excluded  and  the  z e o l i t e   is  n o t  

of  the  d e s i r e d   type.   Windows  of  10-membered  r ings   are  p r e f e r r e d ,  

a l though,   in  some  i n s t a n c e s ,   excess ive   puckering  or  pore  b l o c k a g e  

may  render   these   z e o l i t e s   i n e f f e c t i v e .   Twelve-membered  r ings   do  n o t  

gene ra l l y   appear  to  o f fe r   s u f f i c i e n t   c o n s t r a i n t   to  produce  t h e  

advantageous   c o n v e r s i o n s ,   al though  puckered  s t r u c t u r e s   e x i s t   such  a s  

TMA  o f f r e t i t e   which  is  a  known  e f f e c t i v e   z e o l i t e .   Also,  s t r u c t u r e s  

can  be  conce ived ,   due  to  pore  blockage  or  other   cause,  tha t   may  be  

o p e r a t i v e .  
Rather   than  at tempt  to  judge  from  c r y s t a l   s t r u c t u r e   w h e t h e r  

or  not  a  z e o l i t e   possesses   the  necessary   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 

passing  c o n t i n u o u s l y   a  mixture  of  an  equal  weight  of  normal  hexane  

and  3 -methy lpen tane   over  a  small  sample,  approximate ly   1  gram  o r  

l e ss ,   of  c a t a l y s t   at  a tmospheric   p ressure   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 ,   is  crushed  to  a  p a r t i c l e   size  about  that   o f  c o a r s e   sand  

and  mounted  in  a  g lass   tube.  Prior   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  stream  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 empera tu re   ad jus t ed   between  288°C  and  510°C  (550°F  and  9 5 0   t o  

give  an  o v e r a l l   convers ion   between  10%  and  60%.  The  mixture  o f  

hydrocarbons   is  passed  at  1  l i q u i d   hourly  space  v e l o c i t y   ( i . e . ,   1 

volume  of  l i q u i d   hydrocarbon  per  volume  of  z e o l i t e   per  hour)  ove r  

the  z e o l i t e   with  a  helium  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  4:1.  After   20  minutes  on  stream,  a  sample 

of  the  e f f l u e n t   is  taken  and  ana lyzed ,   most  conven ien t ly   by  g a s  

chromotography,   to  determine  the  f r a c t i o n   remaining  unchanged  f o r  

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  approximates   the  r a t i o   of  the  c r a c k i n g  

ra te   c o n s t a n t s   for  the  two  hydrocarbons .   Z e o l i t e s   s u i t a b l e   for  t h e  

p re sen t   i nven t ion   are  t h o s e  h a v i n g   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)  values  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   tha 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 empera tu re   employed  within  the  a forenoted   range  of  260°  to  510°C 

(500°  to  950°F),  with  accompanying  convers ion  between  10%  and  60%, 

the  c o n s t r a i n t   index  may  vary  within  the  i nd i ca t ed   approximate   r a n g e  
of  1  to  12.  Likewise,  other   v a r i a b l e s   such  as  the  c r y s t a l   s ize   o f  

the  z e o l i t e ,   the  presence  of  pos s ib l e   occluded  contaminants   and 

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

c o n s t r a i n t   index.  It  wil l   accord ing ly   be  understood  by  t h o s e  

s k i l l e d   in  the  ar t   tha 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  highly  usefu 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 - i s   approximate,   taking  into  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   extremes.   However,  in  al l   i n s t a n c e s ,   at  a  

t empera tu re   within  the  a b o v e - s p e c i f i e d   range  of  288°  to  510°C  (550°F 

to  950°F),  the  c o n s t r a i n t   index  wil l   have  a  value  for  any  g i v e n  

z e o l i t e   of  i n t e r e s t   herein   within  the  approximate  range  of  1  to  12. 

The  c l a s s   of  z e o l i t e s   defined  herein  is  exempl i f i ed   by 

ZSM-5,  ZSM-11,  ZSM-12,  ZSM-35,  ZSM-38,  and  other  s i m i l a r   m a t e r i a l s .  

U.S.  Pa tent   No.  3,702,886  desc r ibes   ZSM-5,  ZSM-11  is  de sc r ibed   i n  

-U.S.  Pa tent   No.  3,709,979,ZSM-12  is  descr ibed   in  U.S.  Pa ten t   No. 

3 ,832,449,   ZSM-35  is  descr ibed   in  U.S.  Patent  No.  4 ,016,245,   and 

ZSM-38  is  desc r ibed   in  U.S.  Patent   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   desc r ibed ,   when  prepared  in  t h e  

presence  of  organic  c a t i ons ,   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 n e r t   atmosphere  at  538°C  (1000°F)  for  one  hour,  for  example ,  
followed  by  base  exchange  with  ammonium  s a l t s   followed  by 

c a l c i n a t i o n   at  38°C  (100°F)  in  a i r .   The  presence  of  organic   c a t i o n s  
in  the  forming  so lu t ion   may  not  be  abso lu te ly   e s s e n t i a l   to  t h e  

format ion  of  th is   type  z e o l i t e ;   however,  the  presence  of  t h e s e  



c a t i o n s   does  appear   to  favor  the  fo rmat ion   of  t h i s   spec ia l   type  o f  

z e o l i t e .   More  g e n e r a l l y ,   i t   is  d e s i r a b l e   to  a c t i v a t e   th is   t y p e  

c a t a l y s t   by  base  exchange  with  ammonium  s a l t s   followed  by 

c a l c i n a t i o n   in  a i r   at  about  538°C  (1000°F)  for  from  15  minutes  to  24 

h o u r s .  

Na tura l   z e o l i t e s   may  sometimes  be  conver ted  to  th i s   t y p e  

z e o l i t e   c a t a l y s t   by  var ious   a c t i v a t i o n   p rocedures   and  o t h e r  

t r e a t m e n t s   such  as  base  exchange,  s teaming,   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 .   Na tura l   mine ra l s   which  may  be  s o  

t r e a t e d   inc lude   f e r r 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 .   T h e  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-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 .  

In  a  p r e f e r r e d   aspect   of  t h i s   i n v e n t i o n ,   the  z e o l i t e s  

hereof   are  s e l e c t e d   as  those  having  a  c r y s t a l   framework  dens i ty ,   i n  

the  dry  hydrogen  form,  of  not  s u b s t a n t i a l l y   below  1.6  grams  p e r  
cubic  c e n t i m e t e r .   It  has  been  found  t ha t   z e o l i t e s   which  s a t i s f y   a l l  

th ree   of  these   c r i t e r i a   a re  most   d e s i r e d .   Therefore ,   the  p r e f e r r e d  

z e o l i t e s   of  t h i s   i n v e n t i o n   are  those  having  a  c o n s t r a i n t   index  a s  

def ined  above  of  from  1  to  12,  a  s i l i c a   to  alumina  r a t i o   of  at  l e a s t  

about  12  and  a  dr ied   c r y s t a l   dens i ty   of  not  l ess   than  about  1 . 6  

grams  per  cubic  c e n t i m e t e r .   The  dry  dens i t y   for  known  s t r u c t u r e s  

may  be  c a l c u l a t e d   from  the  number  of  s i l i c o n   plus  aluminum  atoms  p e r  
1000  cubic  Angstroms,  as  given,  e . g . ,   on  page  19  of  the  a r t i c l e   on 

Zeo l i t e   S t r u c t u r e   by  W.M.  Meier  from  "Proceedings   of  the  Conference  

on  Molecular   S ieves ,   London,  April   1967,"  pub l i shed   by  the  S o c i e t y  

of  Chemical  Indust ry ,  -London,   1968.  When  the  c r y s t a l   s t r u c t u r e   i s  

unknown,  the  c r y s t a l   framework  dens i ty   may  be  determined  by 

c l a s s i c a l   pycnometer  t e chn iques .   For  example,  i t   may  be  d e t e r m i n e d  

by  immersing  the  dry  hydrogen  form  of  the  z e o l i t e   in  an  o r g a n i c  

so lvent   which  is  not  sorbed  by  the  c r y s t a l .   It  is  poss ib le   tha t   t h e  

unusual  s u s t a i n e d   a c t i v i t y   and  s t a b i l i t y   of  t h i s   c lass   of  z e o l i t e s  

is  a s s o c i a t e d   with  i t s   high  c r y s t a l   an ion ic   framework  densi ty   of  n o t  

less   than  about  1.6  grams  per  cubic  c e n t i m e t e r .   This  high  d e n s i t y ,  



of  course,   must  be  a s s o c i a t e d   with  a  r e l a t i v e l y   small  amount  of  f r e e  

space  within  the  c r y s t a l ,   which  might  be  expected  to  r e s u l t   in  more 

s t ab l e   s t r u c t u r e s .   This  free  space,  however,  is  impor tant   as  t h e  

locus  of  c a t a l y t i c   a c t i v i t y .  

Crys ta l   framework  d e n s i t i e s   of  some  t y p i c a l   z e o l i t e s   a r e :  

When  syn thes i zed   in  the  a l k a l i   metal  form,  the  z e o l i t e   i s  

conven ien t ly   conver ted  to  the  hydrogen  form,  gene ra l l y   by 

i n t e r m e d i a t e   formation  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 ie ld   t h e  

hydrogen  form.  In  a d d i t i o n   to  the  hydrogen  form,  other  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  rep laced   by  ion  exchange  w i t h  

o the r   s u i t a b l e   ions  of  Groups  IB  to  VIII  of  the  Pe r iod ic   T a b l e ,  

i n c l u d i n g ,   for  example,  n i c k e l ,   copper,   zinc,  pa l lad ium,   calcium  o r  

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

In  p r a c t i c i n g   the  des i r ed   convers ion   p rocess ,   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  above  desc r ibed   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 e m p e r a t u r e   and  o ther   c o n d i t i o n s   employed  in  the  p rocess .   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   occur r ing   s u b s t a n c e s  

as  well   as  i n o r g a n i c   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  

ox ides .   The  l a t t e r   may  be  e i t h e r   n a t u r a l l y   occur r ing   or  in  the  form 

of  g e l a t i n o u s   p r e c i p i t a t e s   or  gels   i nc lud ing   mixtures   of  s i l i c a   and 

metal  ox ides .   N a t u r a l l y   occur r ing   c lays   which  can  be  compos i t ed  

with  the  z e o l i t e   inc 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 lo r ida   clays  or  o t h e r s  

in  which  the  main  mineral   c o n s t i t u e n t   is  h a 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  anaux 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   sub jec ted   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  a d d i t i o n   to  the  foregoing   m a t e r i a l s ,   the  z e o l i t e s  

employed  he re in   may  be  composited  wi th  a   porous  matrix  ma te r i a l   such 

as  a lumina,   s i l i c a - a l u m i n a ,   s i l i c a - m a g n e s i a ,   s i l i c a - z i r c o n i a ,  

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

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

s i l i c a - a l u m i n a - z i r c o n i a ,   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  matrix  may  be  in  the  form  of  a  

cogel .   The  r e l a t i v e   p r o p o r t i o n s   of  z e o l i t e   component  and  i n o r g a n i c  

oxide  gel  matrix  may  vary  widely  with  the  z e o l i t e   con ten t   r a n g i n g  

from  1  to  99  percent   by  weight  and  more  usua l ly   in  the  range  of  from 

5  to  80  pe rcen t   by  weight  of  the  c o m p o s i t e .  



The  e f f l u e n t   of  the  dewaxing  unit   is  topped  by 

d i s t i l l a t i o n ,   i . e . ,   the  most  v o l a t i l e   components  are  removed,  t o  

meet  f l a s h   and  f i r e   point   s p e c i f i c a t i o n s .  

While  a  h y d r o t r e a t i n g   step  such  as  that   desc r ibed   in  U.S.  

Pa ten t   No.  4 ,137,148,   supra,   is  o r d i n a r i l y   not  r equ i red   to  provide  a  

lube  base  s tock  oi l   having  a  s u i t a b l e   l eve l   of  o x i d a t i o n   s t a b i l i t y ,  

in  some  cases  i t   may  be  d e s i r a b l e   to  conduct  such  a  step  he re in .   I n  

such  case ,   the  c a t a l y t i c   dewaxing  e f f l u e n t   is  i n t roduced   into  a  

h y d r o t r e a t e r   c o n t a i n i n g ,   as  c a t a l y s t ,   a  hydrogenat ion   component  on  a  
n o n - a c i d i c   suppor t ,   such  as  c o b a l t - m o l y b d a t e   or  n i c k e l - m o l y b d a t e   on 

alumina.  Hydro t r ea t ing   is  e f f e c t e d   t h e r e i n   at  a  t empera tu re   of  from 

about  2180  to  316°C  (425°  to  6000F),  hydrogen  p a r t i a l   p r e s s u r e s   o f  

1035-10350  kPa  (150-1500  p s i a ) ,   at  the  r e a c t o r   i n l e t s ,   and 

p r e f e r a b l y   1725-3450  kPa  (250-500  p s i a ) ,   with  89  to  890  1/1  (500  t o  

5000  s tandard   cubic  feet)   of  hydrogen  per  ba r r e l   of  feed  ( S C F / B ) ,  

p r e f e r a b l y   267  to  445  1/1  (1500  to  2500  SCF/B). 

The  fol lowing  examples  i l l u s t r a t e   the  p resen t   i n v e n t i o n .  

In  the  examples,  a l l   pa r t s   given  are  by  weight  unless   s p e c i f i e d  

o t h e r w i s e .  

EXAMPLES  1-5  

Examples  1  to  4  i l l u s t r a t e   of  the  h i g h - p r e s s u r e   c a t a l y t i c  

dewaxing  process  of  the  p resen t   i nven t ion   c a r r i e d   out  upon  two  heavy 

n e u t r a l   lube  s tocks ,   des igna ted   R a f f i n a t e   A  and  R a f f i n a t e   B,  and 

EXample  5  i l l u s t r a t e s   a  l ow-p re s su re   combined  c a t a l y t i c  

d e w a x i n g / h y d r o t r e a t i n g   process   such  as  descr ibed   in  U.S.  Patent   No. 

4 ,137,148.   In  a l l   examples,  a  n i c k e l - c o n t a i n i n g   HZSM-5  c a t a l y s t   was 

employed.  



R a f f i n a t e s   A  and  B  pos se s sed   the  p r o p e r t i e s   set  for th   i n  

Table  I  as  f o l l o w s :  

The  process   c o n d i t i o n s   and  y i e l d s   for  each  example  are  s e t  

f o r t h   in  Table  II  as  f o l l o w s :  





1.  A  p rocess   for  p repa r ing   high  q u a l i t y   lube  base  s t o c k  

o i l   from  waxy  crude  o i l   which  comprises  s e p a r a t i n g   from  the  waxy 
crude  a  d i s t i l l a t e   f r a c t i o n   t h e r e o f   having  an  i n i t i a l   boi l ing   p o i n t  

of  at  l e a s t   232°C  (4500F)  and  a  f i n a l   bo i l i ng   poin t   less   than  5660C 

(1050°F),  e x t r a c t i n g   the  d i s t i l l a t e   f 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  a romat ic   hydrocarbons  to  y i e ld   a  r a f f i n a t e   from  which 

u n d e s i r a b l e   compounds  have  been  removed,  c a t a l y t i c a l l y   dewaxing  t h e  

r a f f i n a t e   in  the  p resence   of  hydrogen  to  a  pour  point   not  h i g h e r  

than  -1°C  (+300F)  by  c o n t a c t i n g   t h e r a f f i n a t e   at  a  t empera ture   o f  

260°  to  385°C  (500°  to  725°F)  at  a  hydrogen  p a r t i a l   p ressure   o f  

10,350  kPa  (1,500  ps ia)   in  the  absence  of  h y d r o t r e a t i n g   c a t a l y s t  

with  a  dewaxing  c a t a l y s t   compris ing  an  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 / a l u m i n a   r a t i o   above  12  and  a  c o n s t r a i n t   i n d e x  

between  1  and  12  the reby   forming  dewaxed  r a f f i n a t e   and  lower  b o i l i n g  

hydrocarbons ,   and  topping   the  r a f f i n a t e   subsequent   to  dewaxing  t o  

remove  theref rom  the  lower  bo i l ing   hydrocarbons ,   d i r e c t l y   r e c o v e r i n g  

s u b s t a n t i a l l y   a l l   of  the  remainder  of  the  dewaxed  r a f f i n a t e ,   t h e  

remainder  having  a  pour  poin t   not  higher  than  -1°C  (+30°F) .  

2.  The  p rocess   of  to  Claim  1  wherein  the  dewaxing  c a t a l y s t  

comprises  an  a l u m i n o s i l i c a t e   z e o l i t e   and  a  hydrogena t ion   m e t a l .  

3.  The  p rocess   of  Claim  1  or  2  wherein  the  a l u m i n o s i l i c a t e  

z e o l i t e   is  Z S M - 5 .  

4.  The  p rocess   of  any one  of  Claims  1  to  3  wherein  a  

hydrogen  p a r t i a l   p r e s s u r e   of  at  l e a s t   13800  kPa  (2,000  psia)  i s  

employed.  



5.  The  process   of  any one  of  Claims  1  to  4  wherein  t h e  

e f f l u e n t   of  the  c a t a l y t i c   dewaxing  step  is  sub jec ted   t o  

h y d r o t r e a t i n g .  

6.  The  process   of  any one  of  Claims  1  to  5  wherein  t h e  

r a f f i n a t e   is  p a r t i a l l y   dewaxed  by  so lven t   dewaxing  before  t h e  

c a t a l y t i c   dewaxing  s t e p .  

7.  The  process   of  any one  of  Claims  1  to  6  wherein  t h e  

r a f f i n a t e   is  c a t a l y t i c a l l y   dewaxed  to  a  pour  point   not  higher  t h a n  

about  4°C  (40°F),   and  wherein  the  remainder   of  the  d i r e c t l y  
recovered  dewaxed  r a f f i n a t e   has  a  pour  point   of  not  higher  than  4°C 

( 4 0 ° F ) .  

8.  A  process   according  to  Claim  1  wherein  the  e f f l u e n t   o f  

the  dewaxing  step  is  sub jec ted   to  h y d r o t r e a t i n g .  
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