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54)  Process  for  making  naphthenic  lubestocks  from  raw  distillate  by  combination  hydrodewaxing  tiydrogenation. 

There  is  described  a  process  for  the  manufacture  of  low 
pour  point  lube  oil  basestocks  from  raw  distillate  fractions 
obtained  from  marginal  naphthenic  base  crudes  which 
involves  dewaxing  over  a  ZSM-5  type  zeolite  followed  by 
hydrogenation. 



This  i n v e n t i o n   r e l a t e s   t o  a   p roce s s   fo r .mak ing   n a p h t h e n i c  

l u b e s t o c k s   from  raw  d i s t i l l a t e   by  combina t ion   h y d r o d e w a x i n g /  

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

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  p r o c e s s ,  f o r   the  p r o d u c t i o n   o f  

low  pour  po in t   lube  o i l   b a s e s t o c k s   from  raw  d i s t i l l a t e  f r a c t i o n s   d e r i v e d  

from  marg ina l   n a p h t h e n i c   c rudes ,   sa id   f r a c t i o n   having  a  b o i l i n g   range  o f  

from  260°  to  566°C  (500°  to  1050°F)  and  c h a r a c t e r i z e d   as  c o n t a i n i n g   from 

25  to  50  weight   p e r c e n t   a r o m a t i c s ,   from  25  to  40  weight  p e r c e n t  

n a p h t h e n e s ,   l e s s   than  50  weight  p e r c e n t   p a r a f f i n s ,   a  pour  p o i n t   below  2°C 

(35°F)  and  an  API  g r a v i t y   of  from  20  to  25  which  compr ises   c o n t a c t i n g   t h e  

f r a c t i o n   at  a  t e m p e r a t u r e   of  from  2 6 0 ° . t o   357°C  (500°  t o  6 7 5 ° F )   with  a 

c o n v e r s i o n   c a t a l y s t   compr i s 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   index  between  1  and  12 ,  

h y d r o t r e a t i n g   the  r e s u l t a n t   p roduct   by  c o n t a c t   at  a  t e m p e r a t u r e   of  f rom 

260°  to  357°C  (500  to  675°F)  and  a  p r e s s u r e   of  from  1480  to  13890  kPa 

(200  to  2000  ps ig)   with  a  h y d r o t r e a t i n g   c a t a l y s t   compr i s ing   a  

h y d r o g e n a t i o n   component  on  a  n o n - a c i d i c   suppo r t   and  r e c o v e r i n g   a  lube  o i l  

having  a  pour  po in t   below  -23°C  ( - 1 0 ° F ) .  

The  raw  d i s t i l l a t e   f r a c t i o n s   o b t a i n e d   from  marg ina l   " n a p h t h e n i c  

base  c rudes"   are  not  now  used  to  produce  e i t h e r   high  v i s c o s i t y   i n d e x  

( V . I . )   au tomo t ive   l u b r i c a t i n g   o i l s   or  low  pour  n a p h t h e n i c   l u b r i c a n t s .  

They  are  not  s u i t a b l e   for  the  manu fac tu r e   of  high  V.I.   l u b r i c a t i n g   o i l s  

because  they  are  poor  in  p a r a f f i n i c   c o n t e n t   and  y i e l d  l i t t l e   or  no  

r e f i n e d   s tock  having  a  v i s c o s i t y   index  above  about  6 0 .  T h e y   are  n o t  

s u i t a b l e   for  the  manufac tu re   of  n a p h t h e n i c   l u b r i c a n t s   by  the  c o n v e n t i o n a l  

s o l v e n t   dewaxing  equipment   because  i t   is  i m p r a c t i c a l   to  a p p l y . s o l v e n t  

dewaxing  t e chno logy   to  produce  o i l s   of  very  low  pour  poin t   ( < - 2 3 ° C )  

( < - 1 0 ° F ) .  

The  wax  c o n t e n t s   of  crudes   vary  widely  f r o m  l e s s   than  1%  such  a s  

the  Coas ta l   Low  Pour  crude  which  is  a  t y p i c a l   crude  u s e d  f o r   t h e  

manufac tu re   of  n a p h t h e n i c   l u b r i c a t i n g   o i l s   up  to  wax  c o n t e n t s   of  40%  o r  



more  for  such  waxy  c rudes   as  the  Chinese  Taching  Crude  or  U t a h ' s   A l t a m o n t  

c r u d e .  

This  i n v e n t i o n   i s   p a r t i c u l a r l y   d i r e c t e d   to  the  upgrad ing   of  low 

wax  c o n t e n t   marg ina l   n a p h t h e n i c   d i s t i l l a t e   f r a c t i o n s   to  n a p h t h e n i c   l u b e  

b a s e s t o c k s   by  a  c o m b i n a t i o n   p rocess   i n v o l v i n g   f i r s t   hydrodewaxing  to  a  

pour  po in t   below  -23°C  ( -10°F)   over  a  ZSM-5  type  c a t a l y s t ,   fo l lowed   by  

h y d r o g e n a t i o n   with  a  s t a n d a r d   h y d r o g e n a t i o n   c a t a l y s t   in  o rder   to  o b t a i n  

the  d e s i r e d   p r o d u c t  a n d   m a i n t a i n   the  below  -23°C  ( -10°F)   pour  p o i n t .  

The  feed  m a t e r i a l s   to  which  t h i s   i n v e n t i o n   is  d i r e c t e d   a r e  

d e s c r i b e d   as  d i s t i l l a t e   f r a c t i o n s   b o i l i n g   above  260°C  (500°F)  d e r i v e d  

from  margina l   n a p h t h e n i c   c rudes .   By  marg ina l   n a p h t h e n i c ,   we  mean  t h a t  

the  o i l   c o n t a i n s   too  high  a  wax  c o n t e n t   to  be  c l a s s i f i e d   as  " n a p h t h e n i c "  

and  can  be  c l a s s i f i e d   as  be long ing   to  the  low  end  of  " i n t e r m e d i a t e "  

a c c o r d i n g   to  the  c l a s s i f i c a t i o n   method  o u t l i n e d   by  the  Bureau  of  M i n e s .  

The  Bureau  of  Mines  method  c o n s i s t s   of  de t e rmin ing   the  g r a v i t y  

of  two  key  b o i l i n g   f r a c t i o n s   of  the  crude  as  shown  in  the  f o l l o w i n g  

t a b l e :  

TABLE  I  

Class  B  Assay  

Bureau  of  Mines  C l a s s i f i c a t i o n   of  Whole  Crude 

( R e f e r e n c e :   Bureau  of  Mines  Report   of  I n v e s t i g a t i o n s   #3279)  

B a s i s :   Grav i ty   of  two  "Key"  F r a c t i o n s  

Key  F r a c t i o n   #1  263°C  (505°F)  mid  %  B o i l i n g   Po in t   250-275°C  ( 4 8 2 - 5 2 7 ° F )  

Key  F r a c t i o n   #2  406°C  (762°F)  mid  %  B o i l i n g   Point   391-420°C  ( 7 3 6 - 7 8 8 ° F )  



The  g r a v i t y   of  "key"  f r a c t i o n   #1  d e t e r m i n e s   the  f i r s t   word 

used  in  the  c l a s s i f i c a t i o n ,   while   the  g r a v i t y   of  "key"  f r a c t i o n   #2  

d e t e r m i n e s   the  second  word  of  the  c l a s s i f i c a t i o n .   If   both  words  are  t h e  

same,  only  one  word  is  used  to  c l a s s i f y   the  c r u d e .  

High  s p e c i f i c   g r a v i t y   (low  API  g r a v i t y )   is  i n d i c a t i v e   o f  

condensed  mo lecu l e s   such  as  n a p h t h e n e s   and  a r o m a t i c s   whereas  low  s p e c i f i c  

g r a v i t y   i n d i c a t e s   long  chain  p a r a f f i n s .   The  g r a v i t y   va lues   of  these   two 

key  f r a c t i o n s   de t e rmine   the  wording  of  the  c l a s s i f i c a t i o n ,   e . g .  

p a r a f f i n i c - i n t e r m e d i a t e   or  i n t e r m e d i a t e - n a p h t h e n i c .   Of  more  i m p o r t a n c e  

to  the  p r e s e n t   i n v e n t i o n   is  the  g r a v i t y   of  the  second  key  f r a c t i o n .   I t  

should  be  g r e a t e r   than  20  API  but  l e s s   than  25  API.  Truly  n a p h t h e n i c  

o i l s   having  API  g r a v i t y   of  the  second  key  f r a c t i o n   l e s s   than  20  a r e  

s u i t a b l e   as  feed  m a t e r i a l s   for  the  c o n v e n t i o n a l   t e c h n o l o g y .   Those  h i g h e r  

than  25  API  are  not  p r e f e r a b l e   feed  m a t e r i a l s   for  the  m a n u f a c t u r e   o f  

n a p h t h e n i c   b a s e s t o c k s   because   of  poor  lube  oi l   y i e l d   or  poor  q u a l i t y .  

Naphthen ic   lube  o i l   b a s e s t o c k s   are  key  i n g r e d i e n t s   o f  

l u b r i c a t i n g   g r e a s e s   and  o the r   s p e c i a l t y   o i l s   such  as  t r a n s f o r m e r   o i l s   and  

r e f r i g e r a t o r   o i l s .   They  r e p r e s e n t   a  s i g n i f i c a n t   (more  than  25%) 

p e r c e n t a g e   of  the  t o t a l   l u b r i c a t i n g   o i l   p r o d u c t s .   Because  the  supply  o f  

t r u l y   n a p h t h e n i c   c rudes   is  being  e x h a u s t e d ,   the re   is  a  g r e a t   need  to  f i n d  

a l t e r n a t e   sou rce s   of  raw  m a t e r i a l s .   One  of  the  s p e c i f i c   o b j e c t i v e s   o f  

the  p r e s e n t   i n v e n t i o n   is  to  f u l f i l l   t h i s   n e e d .  

Another  s p e c i f i c   o b j e c t i v e   of  the  p r e s e n t   i n v e n t i o n   is  t o  

dev ise   an  a l l - c a t a l y t i c   rou te   for  l u b r i c a t i n g   o i l   p r o d u c t i o n   to  r e p l a c e  

s o l v e n t   r e f i n i n g   such  as  a roma t i c   e x t r a c t i o n   or  acid  t r e a t i n g .  

In  r e c e n t   yea r s ,   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  of  pe t ro l eum  s t o c k s .   A  process   of  t h a t   n a t u r e  

developed  by  B r i t i s h   Pe t ro leum  is  d e s c r i b e d   in  The  Oil  and  Gas  J o u r n a l ,  

dated  January   6,  1975,  at  pages  69-73.   See  a lso  U.S.  P a t e n t   No. 

3 , 6 6 8 , 1 1 3 .  

In  U.S.  Reissue   P a t e n t   No.  28,398  is  d e s c r i b e d   a  p roce s s   f o r  

c a t a l y t i c   dewaxing  with  a  c a t a l y s t   compr i s ing   z e o l i t e   ZSM-5.  Such 

p rocess   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   is  d e s c r i b e d   in  U . S .  

Pa ten t   No.  3 , 8 9 4 , 9 3 8 .  



..  However,  in  the  vas t   m a j o r i t y   of  t hese   p r i o r   a r t   c a t a l y t i c  

dewaxing  p r o c e s s e s ,   the  feed  m a t e r i a l   has  been  one  which  has  b e e n  

s u b s t a n t i a l l y   high  in  p a r a f f i n s   s ince   these   p a r a f f i n - b a s e d   crudes   o r  

f r a c t i o n s   are  those   which  the  a r t   has  long  r e c o g n i z e d   c o n t a i n   t h e  

u n d e s i r a b l e   components  which  must  be  removed  by  dewaxing  o p e r a t i o n s .  

Dewaxing  is  not  normal ly   a p p l i e d   to  n a p h t h e n i c   base  c rudes   s ince   t h e s e  

m a t e r i a l s   are  r e l a t i v e l y   lean  in  s t r a i g h t - c h a i n   p a r a f f i n s   and  y i e l d  

v i s c o u s   f r a c t i o n s   by  d i s t i l l a t i o n   which  i n h e r e n t l y   p o s s e s s   low  p o u r  

p o i n t s ,   i . e .   see  U.S.  P a t e n t   No.  4 , 1 3 7 , 1 4 8 .   A d d i t i o n a l l y ,   as  p o i n t e d  

out  in  U.S.  P a t e n t   No.  4 , 1 7 6 , 0 5 0 ,   naphthene   based  c rudes   are  n o t  

o r d i n a r i l y   s u b j e c t e d   to  dewaxing  o p e r a t i o n s   s i n c e   the  b e n e f i t s   o b t a i n e d  

t h e r e f r o m   would  be  minimal  due  to  the  f ac t   t h a t   t he se   m a t e r i a l s   by 

d e f i n i t i o n   do  not  c o n t a i n   a  l a r g e   p e r c e n t a g e   of  p a r a f f i n i c   m a t e r i a l .  

As  has  h e r e t o f o r e   been  s t a t e d ,   the  novel   p r o c e s s   of  t h i s  

i n v e n t i o n   is  concerned   with  a  raw  d i s t i l l a t e   f r a c t i o n   of  a  m a r g i n a l  

n a p h t h e n i c   crude  t h a t   has  a  b o i l i n g   range  of  from  260°  to  566°C  (5000  t o  

1050°F) .   The  marg ina l   n a p h t h e n i c   c rudes   are  d e f i n e d   by  a  method  s i m i l a r  

to  the  method  d e s c r i b e d   by  the  Bureau  of  Mines  in  c l a s s i f y i n g   whole  

c r u d e s .   The  method  c o n s i s t s   of  d i s t i l l i n g   a  f r a c t i o n   b o i l i n g   be tween  

391°  and  420°C  (736°  and  788°F)  from  the  crude  and  measur ing   the  g r a v i t y  

of  the  d i s t i l l a t e .   The  d i s t i l l a t e s   from  marg ina l   n a p h t h e n i c   c r u d e s  

shou ld   have  API  g r a v i t y   between  20  and  25.  The  raw  d i s t i l l a t e   f r a c t i o n  

from  v a r i o u s   marg ina l   n a p h t h e n i c   c rudes   vary  in  chemica l   compos i t ion   b u t  

g e n e r a l l y   c o n t a i n   from  25  to  50%  a r o m a t i c s ,   from  25  to  40%  naphthenes   and 

l e s s   than  50%  p a r a f f i n s .   They  are  low  in  wax  and  g e n e r a l l y   have  a  p o u r  

p o i n t   below  2°C  (35°F) .   The  novel   p roces s   of  t h i s   i n v e n t i o n   is  c a r r i e d  

out  by  s u b j e c t i n g   the  n a p h t h e n i c   charge  s tock  w i t h o u t   the  n e c e s s i t y   o f  

any  s o l v e n t   e x t r a c t i o n   s tep   wha t soeve r   to  a  c a t a l y t i c   c o n v e r s i o n   s t e p  

which  is   conducted   at  t e m p e r a t u r e s   r ang ing   from  260°  to  357°C  (500°  t o  

675°F) ,   at  l i q u i d   hour ly   space  v e l o c i t i e s   r ang ing   from  0.1  to  10,  and 

hydrogen  p r e s s u r e s   r ang ing   from  1480  to  13890  kPa  (200  to  2000  p s i g ) .  

The  c o n v e r s i o n   c a t a l y s t   is  a  composi te   of  h y d r o g e n a t i o n   m e t a l ,  

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   Table ,   a s s o c i a t e d   w i t h  

the  ac id   form  of  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   index  of  1  to  12 .  



An  i m p o r t a n 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   of  t h i s  

c l a s s   of  z e o l i t e s   is  t h a t   i t   p r o v i d e s   c o n s t r a i n e d   access   to,  and  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 ree   space  by  v i r t u e   of  having  a  pore  d i m e n s i o n  

g r e a t e r   than  about  5  Angstroms  and  pore  windows  of  a b o u t . a   s ize   such  a s  

would  be  p rov ided   by  10-membered  r i ngs   of  oxygen  atoms.   It  is  to  be 

u n d e r s t o o d ,   of  course ,   t h a t   t he se   r ings   are  t h o s e  f o r m e d   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  o f - t h e  

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  t hemse lves   being  bonded  t o  

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   type  z e o l i t e s   u s e f u l   in  t h i s   i n v e n t i o n   p o s s e s s ,   i n  

c o m b i n a t i o n :   a  s i l i c a   to  a lumina  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   p r o v i d i n g   c o n s t r a i n e d   acces s   to  the  c r y s t a l l i n e   f ree   s p a c e .  

The  s i l i c a   to  a lumina  r a t i o   r e f e r r e d   to  may  be  de te rmined   by 

c o n v e n t i o n a 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   as  c l o s e l y   a s  

p o s s i b l e ,   the  r a t i o   in  the  r i g i d   a n i o n i c   framework  of  the  z e o l i t e   c r y s t a l  

and  to  exc lude   aluminum  in  the  b inde r   or  in  c a t i o n i c   or  o ther   form  w i t h i n  

the  c h a n n e l s .   Although  z e o l i t e s   with  a  s i l i c a   to  a lumina  r a t i o   of  a t  

l e a s t   12  are  u s e f u 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   about  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 c q u 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   c a p a c i t y   for  normal  hexane  which  is  g r e a t e r  

than  t h a t   for  water ,   i . e .   they  e x h i b i t   "hydrophob ic"   p r o p e r t i e s .   It  i s  

b e l i e v e d   t h a t   t h i s   hydrophobic   c h a r a c t e r   is  a d v a n t a g e o u s   in  the  p r e s e n t  

i n v e n t i o n .  

The  type  z e o l i t e s   u s e f u l   in  t h i s   i n v e n t i o n   f r e e l y   sorb  n o r m a l  

hexane  and  benzene  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  p rov ide   c o n s t r a i n e d   access   t o  

l a r g e r   mo lecu l e s .   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,  i f   t h e  

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  mo lecu le s   of  l a r g e r   c r o s s - s e c t i o n   than  no rma l  

hexane  is  excluded  and  the  z e o l i t e   is  not  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 t hough ,   in  some  i n s t a n c e s ,  

e x c e s s i v e   pucker ing   or  pore  b lockage   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 i n g s   do  not  g e n e r a l l y   appear  to  o f f e r  

s u f f i c i e n t   c o n s t r a i n t   to  produce  the  advan tageous   c o n v e r s i o n s ,   a l t h o u g h  



puckered  s t r u c t u r e s   e x i s t   such  as  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  p o r e  

b lockage   or  o the r   cause ,   t ha t   may  be  o p e r a t i v e .  

Ra ther   than  a t t empt   to  judge  from  c r y s t a l   s t r u c t u r e   whether   o r  

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   a c c e s s ,   a  s i m p l e  

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  

c o n t i n u o u s l y   a  m ix tu re   of  an  equal  weight  of  normal  hexane  a n d  

3 - m e t h y l p e n t a n e   over  a  small   sample,  a p p r o x i m a t e l y   1  gram  or  l e s s ,   o f  

c a t a l y s t   at  a t m o s p h e r i c   p r e s s u r e   a cco rd ing   to  the  f o l l o w i n g   p r e c e d u r e .   A 

sample  of  the  z e o l i t e ,   in  the  form  of  p e l l e t s   or  e x t r u d a t e ,   is  c r u s h e d   t o  

a  p a r t i c l e   s i ze   about   t h a t   of  coarse   sand  and  mounted  in  a  g l a s s   t u b e .  

P r i o r   to  t e s t i n g ,   the  z e o l i t e   is  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 l u shed   w i t h  

helium  and  the  t e m p e r a t u r e   a d j u s t e d   between  288°  and  510°C  (550°  a n d  

950°F)  to  give  an  o v e r a l l   conve r s ion   between  10%  and  60%.  The  mix tu re   o f  

hyd roca rbons   is  passed   at  1  l i q u i d   hourly   space  v e l o c i t y   ( i . e .   1  vo lume 

of  l i q u i d   hydroca rbon   per  volume  of  z e o l i t e   per  hour)  over  the  z e o l i t e  

with  a  hel ium  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 .   Af te r   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  a n a l y z e d ,   most  c o n v e n i e n t l y   by  gas  ch roma tog raphy ,   to  de t e rmine   t h e  

f r a c t i o n   r ema in ing   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  app rox ima te s   the  r a t i o   of  the  c r ack ing   r a t e  

c o n s t a n t s   for  the  two  hyd roca rbons .   Z e o l i t e s   s u i t a b l e   for  the  p r e s e n 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  the  approx imate   range  o f  

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  

c u m u l a t i v e   r e s u l t   of  s e v e r a 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   a n d  

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 m p e r a t u r e   employed  wi th in   the  a f o r e n o t e d   range  of  288°  to  510°C  ( 5 5 0 °  

to  950°F),   with  accompanying  c o n v e r s i o n   between  10%  and  60%,  t h e  

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  t o  

12.  L ikewise ,   o the r   v a r i a b l e s   such  as  the  c r y s t a l   s ize   of  the  z e o l i t e ,  

the  p re sence   of  p o s s i b l e   occ luded  c o n t a m i n a n t s   and  b inde r s   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   the  c o n s t r a i n t   index.   It  w i l l  

a c c o r d i n g l y   be  u n d e r s t o o d   by  those   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  h ighly   u se fu l   means  f o r  

c h a r a c t e r i z i n g   the  z e o l i t e s   of  i n t e r e s t   is  app rox ima te ,   t ak ing   i n t o  

c o n s i d e r a t i o n   the  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 ,   of  compounding  v a r i a b l e   ex t r emes .   However,  in  a l l   i n s t a n c e s ,  

at  a  t e m p e r a t u r e   wi th in   the  a b o v e - s p e c i f i e d   range  of  288°  to  510°C  (550°  

to  950°F),   the  c o n s t r a i n t   index  w i l l   have  a  value  for  any  given  z e o l i t e  

of  i n t e r e s t   h e r e i n   wi th in   the  approx ima te   range  of  1  to  12.  

The  c l a s s   of  z e o l i t e s   de f ined   he re in   is  e x e m p l i f i e d   by  ZSM-5, 

ZSM-11,  ZSM-12,  ZSM-35,  ZSM-38  and  o the r   s i m i l a r   m a t e r i a l s .   U.S.  P a t e n t  

No.  3 ,702 ,886   d e s c r i b e s   ZSM-5,  ZSM-11  is  d e s c r i b e d   in  U.S.  Pa t en t   No. 

3 ,709 ,979 ,   ZSM-12  is  d e s c r i b e d   in  U.S.  Pa t en t   No.  3 ,832 ,449 ,   ZSM-38  i s  

d e s c r i b e d   U.S.  Pa t en t   No.  4 , 0 4 6 , 8 5 9 .   This  z e o l i t e   can  be  i d e n t i f i e d ,   i n  

terms  of  mole  r a t i o s   of  oxides   and  in  the  anhydrous  s t a t e ,   as  f o l l o w s :  



wherein  R  is  an  o rgan ic   n i t r o g e n - c o n t a i n i n g   c a t i o n   de r i ved   from  a  

2 - ( h y d r o x y a l k y l )   t r i a l k y l a m m o n i u m   compound  and  M  is  an  a l k a l i   m e t a l  

c a t i o n ,   and  is  c h a r a c t e r i z e d   by  a  s p e c i f i e d   X-ray  powder  d i f f r a c t i o n  

p a t t e r n .  

In  a  p r e f e r r e d   s y n t h e s i z e d   form,  these   z e o l i t e s   have  a  f o r m u l a ,  

in  terms  of  mole  r a t i o s   of  ox ides   and  in  the  anhydrous   s t a t e ,   a s  

f o l l o w s :  

wherein  R  is  an  o rgan ic   n i t r o g e n - c o n t a i n i n g   c a t i o n   d e r i v e d   from  a  

2 - ( h y d r o x y a l k y l )   t r i a lky l ammonium  compound,  wherein  a l k y l   is  m e t h y l ,  

e t hy l   or  a  combina t ion   t h e r e o f ,   M  is  an  a l k a l i   me ta l ,   e s p e c i a l l y   sod ium,  

and  x  is  from  g r e a t e r   than  8  to  about   50 .  

The  s y n t h e t i c   ZSM-38  z e o l i t e   p o s s e s s e s   a  d e f i n i t e   d i s t i n g u i s h i n g  

c r y s t a l l i n e   s t r u c t u r e   whose  X-ray  d i f f r a c t i o n   p a t t e r n   shows  s u b s t a n t i a l l y  

the  s i g n i f i c a n t   l i n e s   se t   f o r t h   in  Table  2.  It  is  obse rved   t h a t   t h i s  

X-ray  d i f f r a c t i o n   p a t t e r n   ( s i g n i f i c a n t   l i n e s )   is  s i m i l a r   to  t h a t   o f  

n a t u r a l   f e r r i e r i t e   with  a  n o t a b l e   e x c e p t i o n   being  t h a t   n a t u r a l   f e r r i e r i t e  

p a t t e r n s   e x h i b i t   a  s i g n i f i c a n t   l i n e   at  11.33  A n g s t r o m s .  



A  f u r t h e r   c h a r a c t e r i s t i c   of  ZSM-38  is  i t s   s o r p t i v e   c a p a c i t y  

p r o v i d i n g   the  z e o l i t e   with  i n c r e a s e d   c a p a c i t y   for  2 - m e t h y l p e n t a n e   ( w i t h  

r e s p e c t   to  n-hexane  s o r p t i o n   by  the  r a t i o   n - h e x a n e / 2 - m e t h y l p e n t a n e )   when 

compared  with  a  hydrogen  form  of  n a t u r a l   f e r r i e r i t e   r e s u l t i n g   f rom 

c a l c i n a t i o n   of  an  ammonium  exchanged  form.  The  c h a r a c t e r i s t i c   s o r p t i o n  

r a t i o   n - h e x a n e / 2 - m e t h y l p e n t a n e   for  ZSM-38  ( a f t e r   c a l c i n a t i o n   at  600°C)  i s  

l e s s   than  10,  whereas  the  r a t i o   for  the  n a t u r a l   f e r r i e r i t e   i s  

s u b s t a n t i a l l y   g r e a t e r   than  10,  for  example,  as  high  as  34  or  h i g h e r .  

Z e o l i t e   ZSM-38  can  be  s u i t a b l y   p repared   by  p r e p a r i n g   a  s o l u t i o n  

c o n t a i n i n g   sources   of  an  a l k a l i   metal  oxide,   p r e f e r a b l y   sodium  oxide,   an  

o rgan ic   n i t r o g e n - c o n t a i n i n g   oxide ,   an  oxide  of  aluminum,  an  oxide  o f  

s i l i c o n   and  water  and  having  a  compos i t ion ,   in  terms  of  mole  r a t i o s   o f  

ox ide s ,   f a l l i n g   wi th in   the  f o l l o w i n g   r a n g e s :  



wherein   R  is   an  o r g a n i c   n i t r o g e n - c o n t a i n i n g   c a t i o n   de r ived   from  a  

2 - ( h y d r o x y a l k y l )   t r i a lky lammonium  compound  and  M  is  an  a l k a l i   metal   i o n ,  

and  m a i n t a i n i n g   the  mixture   u n t i l   c r y s t a l s   of   the  z e o l i t e   are  f o r m e d .  

(The  q u a n t i t y   of  OH-  is  c a l c u l a t e d   only  from  the  i n o r g a n i c   sou rce s   o f  

a l k a l i   w i t h o u t   any  o rgan ic   base  c o n t r i b u t i o n ) .   T h e r e a f t e r ,   the  c r y s t a l s  

are  s e p a r a t e d   from  the  l i q u i d   and  r e c o v e r e d .   Typica l   r e a c t i o n   c o n d i t i o n s  

c o n s i s t   of  h e a t i n g   the  f o r ego ing   r e a c t i o n   mix ture   to  a  t e m p e r a t u r e   o f  

from  90°C  to  400°C  for  a  pe r iod   of  t ime  of  from  6  hours  to  100  days.  A 

more  p r e f e r r e d   t e m p e r a t u r e   range  is   from  150°C  to  400°C  with  the  amount  

of  time  at  a  t e m p e r a t u r e   in  such  range  being  from  6  hours  to  80  d a y s .  

The  d i g e s t i o n   of  the  gel  p a r t i c l e s   is  c a r r i e d   out  u n t i l   c r y s t a l s  

form.  The  s o l i d   p roduc t   is  s e p a r a t e d   from  the  r e a c t i o n   medium,  as  by 

coo l i ng   the  whole  to  room  t e m p e r a t u r e ,   f i l t e r i n g   and  water  washing.   The 

c r y s t a l l i n e   p roduc t   is  t h e r e a f t e r   d r i e d ,   e .g .   at  110°C  (230°F)  for  from  8 

to  24  h o u r s .  

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 repa red   in  the  p r e s e n c e  

of  o rgan i c   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  t h e  

i n t r a c r y s t a l l i n e   f ree   space  is  occup ied   by  o rgan i c   c a t i o n s   from  t h e  

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  

a tmosphere   at  538°C  (1000°F)  for  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  538°C  (1000°F)  i n  

a i r .   The  p r e s e n c e   of  o rgan ic   c a t i o n s   in  the  forming  s o l u t i o n   may  not  be  

a b s o l u t e l y   e s s e n t i a l   to  the  fo rma t ion   of  t h i s   type  z e o l i t e ;   however,  t h e  

p r e sence   of  t he se   c a t i o n s   does  appear   to  favor   the  fo rmat ion   of  t h i s  

s p e c i a l   type  of  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  

t h i s   type  of  c a t a l y s t   by  base  exchange  with  ammonium  s a l t s   fo l lowed  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 .  



Natu ra l   z e o l i t e s   may  sometimes  be  c o n v e r t e d   to  t h i s   type  z e o l i t e  

c a t a l y s t   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 the r   t r e a t m e n t s   such  a s  

b a s e   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 ,   i n  

c o m b i n a t i o n s .   N a t u r a l   m i n e r a l s   which  may  be  so  t r e a t e d   i n c l u d e  

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   a r e  

ZSM-5,  ZSM-11,  ZSM-12,  ZSM-35  and  ZSM-38,  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   a spec t   of  t h i s   i n v e n t i o n ,   the  z e o l i t e s   h e r e o f   a r e  

s e l e c t e d   as  t h o s e  h a v i n g   a  c r y s t a l   framework  d e n s i t y ,   in  the  dry  h y d r o g e n  

form,  of  not  s u b s t a n t i a l l y   below  about  1.6  grams  per  cubic  c e n t i m e t e r .  

It  has  been  found  t h a t   z e o l i t e s   which  s a t i s f y   a l l   t h r ee   of  these   c r i t e r i a  

are  most  d e s i r e d .   T h e r e f o r e ,   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  as  d e f i n e d   above  of  about  1  to  a b o u t  

12,  a  s i l i c a   to  a lumina  r a t i o n   of  at  l e a s t   about  12  and  a  d r i ed   c r y s t a l  

d e n s i t y   of  not  l e s s   than  about  1.6  grams  per  cubic   c e n t i m e t e r .   The  d r y  

d e n s 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  per  1000  cubic  Angstroms,   as  g iven,   e . g . ,   on  page  19 

of  the  a r t i c l e   on  Z e o l i t e   S t r u c t u r e   by  W.  M.  Meier  inc luded   i n  

"P roceed ings   of  the  Conference   on  Molecu la r   S i eves ,   London,  Apri l   1 9 6 7 , "  

p u b l i s h e d   by  the  Soc ie ty   of  Chemical  I n d u s t r y ,   London,  1968.  When  t h e  

c r y s t a l   s t r u c t u r e   is  unknown,  the  c r y s t a l   framework  dens i ty   may  be  

de te rmined   by  c l a s s i c a l   pyknometer  t e c h n i q u e s .   For  example,  i t   may  be  

de te rmined   by  immersing  the  dry  hydrogen  form  of  the  z e o l i t e   in  an  

o rgan ic   s o l v e n t   which  is  not  sorbed  by  the  c r y s t a l .   It  is  p o s s i b l e   t h a t  

the  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 l a s s   of  z e o l i t e s   i s  

a s s o c i a t e d   with  i t s   high  c r y s t a l   a n i o n i c   framework  dens i ty   of  not  l e s s  

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  c o u r s e ,  
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  free  space  w i t h i n  

the  c r y s t a l ,   which  might  be  expec ted   to  r e s u l t   in  more  s t a b l e  

s t r u c t u r e s .   This  f ree   space,   however,  is  i m p o r t a n t   as  the  locus  o f  

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



C r y s t a 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  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   conve r t ed   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  exchange  and  

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

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

a l k a l i   metal  has  been  reduced  to  l e s s   than  about  1.5  p e r c e n t   by  w e i g h t  

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

r e p l a c e d   by  ion  exchange  with  o the r   s u i t a b l e   ions  of  Groups  IB  to  VIII  o f  

the  P e r i o d i c   Table  i n c l u d i n g   for  example,  n i c k e l ,   copper ,   z i n c ,  

p a l l a d i u m ,   calc ium  or  r a re   e a r t h   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   may  be  

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  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  in  the  p r o c e s s .   Such  matr ix  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   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 l ay ,   s i l i c a   and/or   metal  ox ides .   The  l a t t e r   may  be 

e i t h e r   n a t u r a l l y   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   o r  



ge ls   i n c l u d i n g   mix tu re s   of  s i l i c a   and  metal  ox ide s .   N a t u r a l l y   o c c u r r i n g  

c l ays   which  can  be  compos i t ed   with  the  z e o l i t e   i nc lude   those   of  t h e  

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 e s ,   which  f a m i l i e s   i n c l u d e   t h e  

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 l ays   or  o t h e r s   in  which  the  main  minera l   c o n s t i t u e n t   i s  

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 l ays   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   t o  

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

In  a d d i t i o n   to  the  f o r e g o i n g   m a t e r i a l s ,   the  z e o l i t e s   employed  

h e r e i n   may  be  composi ted   with  a  porous  matr 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 l i a ,   s i l i c a - t i t a n i a ,   as  well  as  t e rna ry   c o m p o s i t i o n s ,   such  a s  

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  matr ix   may  be  in  the  form  of  a  c o g e l .  

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  g e l  

ma t r ix   may  vary  widely  with  the  z e o l i t e   con ten t   ranging  from  1  to  99 

p e r c e n t   by  weight   and  more  u s u a l l y   in  the  range  of  from  5  to  80  p e r c e n t  

by  weight  of  the  c o m p o s i t e .  

P r e f e r a b l y ,   the  e f f l u e n t   of  the  f i r s t   s tep  i n c l u d i n g   t h e  

hydrogen  is  cascaded  in to   a  h y d r o t r e a t i n g   r e a c t o r   of  the  type  now 

g e n e r a l l y   employed  for  f i n i s h i n g   of  l u b r i c a t i n g   o i l   s t o c k s .   The 

d i s t i l l a t i o n   n e c e s s a r y   to  remove  l i g h t   p roduc t s   for  conformance  to  f i r e  

and  f l a sh   po in t   s p e c i f i c a t i o n s   may  be  conducted  between  the  dewaxing  and  

h y d r o t r e a t i n g   s t e p s .   However,  s ince   the re   are  i n d i c a t i o n s   t h a t  

i n t e r - s t a g e   d i s t i l l a t i o n   and /o r   s t o r a g e   r e s u l t s   in  l e s s   s t a b l e   p r o d u c t ,  

and  a lso  to  avoid  need  for  s e p a r a t i o n   and  r echa rg ing   of  hdyrogen  w i t h  

i n t e r m e d i a t e   d i s t i l l a t i o n ,   cascade   type  o p e r a t i o n   is  p r e f e r r e d .  

Any  of  the  known  h y d r o t r e a t i n g   c a t a l y s t s   c o n s i s t i n g   of  a  

h y d r o g e n a t i o n   component  on  a  n o n - a c i d i c   suppor t   may  be  employed,  f o r  

example,   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 ,   or  molybdenum  oxide,   on 

an  alumina  s u p p o r t .   Here  aga in ,   t e m p e r a t u r e   c o n t r o l   is  r e q u i r e d   f o r  

p r o d u c t i o n   of  high  q u a l i t y   p r o d u c t ,   the  h y d r o t r e a t e r   being  p r e f e r a b l y  

held  at  260°  to  357°C  (500°  to  675°F)  at  a  p r e s s u r e   of  1480  to  13890  kPa 

(200  to  2000  p s i g ) .  



When  the  p r e f e r r e d   ca scade   c o n f i g u r a t i o n   is  used,   the  e f f l u e n t  

of  the   h y d r o t r e a t e r   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,  to  meet  f l a s h   and  f i r e   po in t   s p e c i f i c a t i o n s .  

EXAMPLE 

A  raw  d i s t i l l a t e   was  o b t a i n e d   from  a  Venezuelan  Melones  crude  by 

vacuum  d i s t i l l a t i o n   to  y i e l d   a  288°  to  416°C  (550°  to  780°F)  f r a c t i o n .  

I t   has  a  pour  po in t   of  -23°C  ( - 1 0 ° F ) .   High  mo lecu la r   weight  mass 

s p e c t r o m e t r i c   a n a l y s i s   shows  t h a t   i t   c o n t a i n s   30%  a r o m a t i c s ,   30% 

n a p h t h e n e s   and  40%  p a r a f f i n s .  

The  d i s t i l l a t e   is  p r o c e s s e d   over  a  ZnHZSM-5,  the  p r e p a r a t i o n   o f  

which  is  d e s c r i b e d   in  a cco rdance   with  U.S.  Reissue   P a t e n t   No.  2 8 , 3 9 8  

under  the  f o l l o w i n g   r e a c t i o n   c o n d i t i o n s :  

The  c o n v e r s i o n   p roduc t   was  found  to  y i e l d   3  weight  p e r c e n t  

gaseous   p r o d u c t s   i n c l u d i n g   0.3  weight   p e r c e n t   dry  gas  (e thane   and  

l i g h t e r ) ,   1.2  weight  p e r c e n t   propane  and  1.5  weight  p e r c e n t   bu t anes ,   and 

97  weight   p e r c e n t   C5+  l i q u i d   p r o d u c t .   The  l i q u i d   p roduc t   i s  

f r a c t i o n a t e d   to  y i e ld   (based  on  d i s t i l l a t e   charged)   6.9  weight  p e r c e n t  

C5  to  166°C  (330°F)  naph tha ,   3.1  weight   p e r c e n t   166°  to  288°C  (330  t o  

550°F)  d i e s e l   fuel   and  87  weight   p e r c e n t   288°C+  (550°F+)  l i q u i d .   The 

288°C+  (550°F+)  l i q u i d   has  a  pour  po in t   of  -51°C  ( -60°F)   and  has  t h e  

f o l l o w i n g   chemica l   c o m p o s i t i o n :   32.3  weight  p e r c e n t   a r o m a t i c s ,   3 1 . 5  

weight   p e r c e n t   naph thenes ,   and  36.2  weight   pe r cen t   p a r a f f i n s .  

E igh t een   grams  of  the  288°C+  (550°F+)  l i q u i d   is  d i s s o l v e d   in  100 

ml  c y c l o h e x a n e ,   charged  t o g e t h e r   with  11  grams  of  reduced  Harshaw  Ni 

k i e s e l g u h r   to  a  300  ml  s t i r r i n g   a u t o c l a v e ,   p r e s s u r e d   to  3549  kPa  ( 500  

ps ig )   with  hydrogen  hea ted   at  316°C  (600°F)  with  s t i r r i n g   for  two  h o u r s ,  

coo led ,   f i l t e r e d   to  remove  the  c a t a l y s t   and  the  h y d r o g e n a t e d   l i q u i d  

topped  to  remove  chc lohexane   s o l v e n t .   P r o p e r t i e s   of  the  product   a r e  

shown  in  the  fo l lowing   t a b l e :  



Mass  s p e c t r o m e t r i c   a n a l y s i s   of  the  hyd rogena ted   product   shows  t h a t   i t  

c o n t a i n s   23  weight   p e r c e n t   a r o m a t i c s ,   41  weight   p e r c e n t   n a p h t h e n e s ,   and  

35  weight  p e r c e n t   p a r a f f i n s .  



1.  P r o c e s s   for  the  p r o d u c t i o n   of  low  pour  po in t   lube  o i l  

b a s e s t o c k s   from  raw  d i s t i l l a t e   f r a c t i o n s   de r ived   from  marg ina l   n a p h t h e n i c  

c r u d e s ,   sa id   f r a c t i o n   having  a  b o i l i n g   range  of  from  260°  to  566°C  (500°  

to  1050°F)  and  c h a r a c t e r i z e d   as  c o n t a i n i n g   from  25  to  50  weight   p e r c e n t  

a r o m a t i c s ,   from  25  to  40  weight   p e r c e n t   n a p h t h e n e s ,   l e s s   than  50  w e i g h t  

p e r c e n t   p a r a f f i n s ,   a  pour  po in t   below 2°C  (35°F)  and  an  API  g r a v i t y   o f  

from  20  to  25  which  compr i ses   c o n t a c t i n g   the  f r a c t i o n   at  a  t e m p e r a t u r e   o f  

from  260°  to  357°C  (500  to  675°F)  with  a  c o n v e r s i o n   c a t a l y s t   c o m p r i s i n g  

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   index  between  1  and  12,  h y d r o t r e a t i n g   the  r e s u l t a n t   p roduc t   by 

c o n t a c t   at  a  t e m p e r a t u r e   of  from  260°  to  357°C  (500°  to  675°F)  and  a  

p r e s s u r e   of  from  1480  to  13890  kPa  (200  to  2000  ps ig )   with  a  

h y d r o t r e a t i n g   c a t a l y s t   compr i s i ng   a  h y d r o g e n a t i o n   component  on  a  

n o n - a c i d i c   s u p p o r t   and  r e c o v e r i n g   a  lube  o i l   having  a  pour  po in t   be low 

-23°C  ( - 1 0 ° F ) .  

2.  The  p roce s s   of  c la im  1  wherein  the  c o n v e r s i o n   c a t a l y s t  

compr i ses   ZSM-5  and  a  h y d r o g e n a t i o n   m e t a l .  

3.  The  p roce s s   of  c la im  1  or  2  wherein  the  r e a c t i o n   is  c a r r i e d  

out  in  the  p r e sence   of  added  h y d r o g e n .  

4.  The  p roce s s   of  c la im  2  or  3  wherein  the  ZSM-5  z e o l i t e   i s  

p a r t i a l l y   in  the  hydrogen  f o r m .  

5.  The  p roce s s   of  any  of  c la ims   2  to  4  wherein  the  ZSM-5 

z e o l i t e   has  z inc  a s s o c i a t e d   t h e r e w i t h .  
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