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A  continuous  process  for  dewaxing  waxy  oil  using  dewaxing  solvent  and  auto-refrigerant,  and  apparatus  therefor. 

A  continuous  solvent  dewaxing  process  wherein  a 
waxy  oil  (10)  is  prediluted  (18)  with  a  non-autorefrigerative 
solvent,  e.g.  ketone,  and  then  passed  (24),  at  a  tempera- 
ture  above  its  cloud  point  to  the  top  of  a  chilling  zone  (26). 
which  is  an  autorefrigerant  chilling  zone  operating  on  a 
continuous  basis.  The  chilling  zone  (26)  comprises  a 
vertical,  multi-staged  tower,  operating  at  substantially  con- 
stant  pressure.  In  this  chilling  zone,  wax  is  precipitated  from 
the  oil  to  form  a  waxy  slurry  and  the  soformed  slurry  is 
further  chilled  down  to  the  wax  filtration  temperature  by 
stage-wise  contact  with  liquid  propylene  (28)  or  other 
autorefrigerant  which  is  injected  into  the  liquid  layer  (58, 
Fig.  2)  in  each  of  a  plurality  of  said  stages  and  evaporated 
therein  so  as  to  cool  the  waxy  slurry  at  an  average  rate  of 
between  about  0.06  to  11.12 °C  per  minute  with  an  average 
temperature  drop  across  each  stage  of  1.11  to  11.12°C. 
Some  of  the  propylene  remains  in  the  oil  which  serves  to 
further  dilute  and  reduce  the  viscosity  of  the  slurry,  and 
the  vaporized  propylene  (34)  in  cach  stage  exits  there- 
from  (52,  Fig.  2)  without  contacting  liquid  at  least  in  more 
elevated  stages.  Teh  dewaxed  oil  containing  slurry  may 
then  be  fed  (40)  directly  to  wax  filters  (42)  without  having 
to  pass  through  scraped-surface  chillers  and  filter  feed 
drum. 

In  one  type  of  embodiment,  the  non-autorefrigerative 
solvent  is  employed  cold  so  as  to  partially  solvent  dewax 

the  waxy  oil  to  a  temperature  within  of  from  about  16.65 
to  61.2°C  of  the  final  wax  filtration  temperature  before 
being  contacted  with  autorefrigerant  in  the  autorefrigerative 
chilling  zone  (26)  to  be  chilled  down  to  the  desired  wax  fil- 
tration  temperature. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  con t inuous   p rocess   for  dewaxing  

waxy  oi l   us ing  dewaxing  s o l v e n t   and  a u t o r e f r i g e r a n t ,   and  a p p a r a t u s  

t h e r e f o r .  

More  p a r t i c u l a r l y ,   one  type  of  embodiment  of  t h i s   i n v e n t i o n   r e l a t e s  

to  a  c o n t i n u o u s ,   so lven t   dewaxing  p rocess   and  a p p a r a t u s   wherein   a  waxy 

oi l   is  p r e d i l u t e d   with  a  n o n - a u t o r e f r i g e r a t i v e   dewaxing  s o l v e n t ,   w i t h  

the  p r e d i l u t e d   o i l ,   at  a  t e m p e r a t u r e   above  i t s   cloud  p o i n t ,   then  b e i n g  

fed  to  a  c h i l l i n g   zone  compr is ing   a  v e r t i c a l ,   s taged  tower  o p e r a t i n g  

c o n t i n u o u s l y   at  e s s e n t i a l l y   c o n s t a n t   p r e s s u r e .   In  the  c h i l l i n g   zone  wax 

is  p r e c i p i t a t e d   from  the  o i l   to  form  a  waxy  s l u r r y   and  the  s o - f o r m e d  

s l u r r y   is  f u r t h e r   cooled  down  to  wax  f i l t r a t i o n   t e m p e r a t u r e   by  c o n t a c t  

with  a  l i q u i d   a u t o r e f r i g e r a n t   i n j e c t e d   into  a  p l u r a l i t y   of  said  s t a g e s ,  

said  l i q u i d   a u t o r e f r i g e r a n t   e v a p o r a t i n g   in  each  of  said  s t ages   so  as  t o  

m a i n t a i n   an  average   s l u r r y   coo l ing   r a t e   of  from  0.1  to  20°F  (0.056  t o  

11.120C)  per  minute  and  an  average   t e m p e r a t u r e   drop  per  s tage   of  f rom 

about  2  to  20°F  (1.11  to  11 .12°C) .   The  dewaxed  o i l - c o n t a i n i n g   s l u r r y   i s  

then  fed  to  wax  f i l t e r s .   This  p rocess   is  p a r t i c u l a r l y   u s e f u l   for  dewaxing 

w a x - c o n t a i n i n g   l u b r i c a t i n g   o i l   f r a c t i o n s   and  the  l i k e .  

In  ano the r   type  of  embodiment,  t h i s   i n v e n t i o n   r e l a t e s   to  a  c o n t i n u o u s ,  

combina t ion   n o n - a u t o r e f r i g e r a n t / a u t o r e f r i g e r a n t   s o l v e n t   dewaxing  p r o c e s s  

employing  two  c h i l l i n g   zones  where in   a  m a j o r i t y   of  the  wax  is  p r e c i p i t a t e d  

in  a  f i r s t   c h i l l i n g   zone  in  the  p re sence   of  a  n o n - a u t o r e f r i g e r a n t   dewaxing 

so lven t   to  form  a  waxy  s l u r r y   which  is  then  fed  d i r e c t l y   to  a  s econd  

c h i l l i n g   zone  compr i s ing   a  v e r t i c a l ,   s taged  tower  o p e r a t i n g   c o n t i n u o u s l y  

at  e s s e n t i a l l y   c o n s t a n t   p r e s s u r e .   I n  



t h e   s e c o n d   c h i l l i n g   zone   t h e   s l u r r y   i s   c o o l e d   down  to  w a x  

f i l t r a t i o n   t e m p e r a t u r e   and   a d d i t i o n a l   wax  is   p r e c i p i t a t e d  

f r o m   t h e   o i l   by  c o n t a c t   w i t h   a  l i q u i d   a u t o r e f r i g e r a n t   i n j e c t e d  
i n t o   a  p l u r a l i t y   of   s a i d   s t a g e s ,   as   p r e v i o u s l y   d e s c r i b e d .  

2.  D e s c r i p t i o n   of   t h e   P r i o r   A r t  

I t   is   w e l l   known  in  t h e   a r t   to  dewax   w a x - c o n t a i n i n g  

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

p e t r o l e u m   o i l ,   in   o r d e r   to  r e m o v e   a t   l e a s t   a  p o r t i o n   of  t h e  

wax  t h e r e f r o m   to  o b t a i n   a  d e w a x e d   o i l   of   r e d u c e d   c l o u d   a n d  

p o u r   p o i n t s .   The  mos t   common  m e t h o d   of   r e m o v i n g   t h e   wax  o r  

waxy  c o n s t i t u e n t s   f r o m   waxy  h y d r o c a r b o n   o i l s   is   v i a   t h e   u s e  
of   v a r i o u s   s o l v e n t   d e w a x i n g   p r o c e s s e s .   In  s o l v e n t   d e w a x i n g  

p r o c e s s e s   t h e   t e m p e r a t u r e   of   t h e   w a x - c o n t a i n i n g   o i l   is   l o w -  

e r e d   s u f f i c i e n t l y   to   p r e c i p i t a t e   t h e   wax  t h e r e f r o m   as  s o l i d  

c r y s t a l s   of   wax.   At  t h e   same  t i m e ,   s o l v e n t s   a r e   a d d e d   t o  

t h e   waxy   o i l   in  o r d e r   to  i m p r o v e   t h e   f l u i d i t y   and  r e d u c e   t h e  

v i s c o s i t y   t h e r e o f   so  t h a t   v a r i o u s   f i l t r a t i o n   or   c e n t r i f u g a -  

t i o n   p r o c e s s e s   can   be  u s e d   to   s e p a r a t e   t h e   s o l i d   p a r t i c l e s  

of   t h e   wax  f r o m   t h e   d e w a x e d   o i l .   S t r o n g   wax  a n t i s o l v e n t s  

(weak   o i l   s o l v e n t s )   s u c h   as  MEK  a r e   o f t e n   a d d e d   to   d e c r e a s e  

wax  s o l u b i l i t y   in   t h e   o i l / s o l v e n t   m i x t u r e   w h i l e   s t r o n g   o i l  

s o l v e n t s   ( w e a k   wax  a n t i s o l v e n t s )   s u c h   as   MIBK  or   t o l u e n e   a r e  

u s e d   to   m o d i f y   t h e   s o l u b i l i t y   c h a r a c t e r i s t i c s   o f   t h e   s o l v e n t  

so  as   to   a l l o w   wax  p r e c i p i t a t i o n ;   w h i l e   a t   t h e   same  t i m e  

a v o i d i n g   o i l   i m m i s c i b i l i t y   a t   wax  s e p a r a t i o n   t e m p e r a t u r e s .  
S o l v e n t   d e w a x i n g   p r o c e s s e s   p r o d u c e   wha t   i s   known  as  a  p o u r -  
f i l t e r   t e m p e r a t u r e   s p r e a d .   T h i s   i s   t h e   t e m p e r a t u r e   d i f f e r -  

e n t i a l   b e t w e e n   t h e   wax  f i l t e r i n g   t e m p e r a t u r e   and  t h e   p o u r  

p o i n t   of   t h e   d e w a x e d   o i l .   T h i s   p o u r - f i l t e r   t e m p e r a t u r e  

s p r e a d   i s   g r e a t e r   when  more   n o n - p o l a r   h y d r o c a r b o n   s o l v e n t s  

a r e   u s e d   t h a n   w i t h   more   p o l a r   s o l v e n t s   s u c h   as  k e t o n e s .   T h u s ,  

an  a u t o r e f r i g e r a n t   d e w a x i n g   p r o c e s s   e m p l o y i n g   p r o p a n e   c a n  

p r o d u c e   a  p o u r - f i l t e r   s p r e a d   of   4 0 ° F ,   w h i c h   means   t h a t  

t h e   wax  f i l t r a t i o n   m u s t   be  done   a t   - 4 0 ° F   in   o r d e r   to   p r o -  
d u c e   a  d e w a x e d   o i l   h a v i n g   a  p o u r   p o i n t   of   0°F .   When  k e t o n e s  

or   m i x t u r e s   of   k e t o n e   and  a r o m a t i c   s o l v e n t s   a r e   u s e d ,   t h e  



p o u r - f i l t e r   s p r e a d   may  r a n g e   f r o m   C°F  to  20°F  d e p e n d i n g  

on  t he   o i l   and  s o l v e n t   u s e d .  

Both   k e t o n e   and  a u t o r e f r i g e r a n t   d e w a x i n g   p r o c e s s e s  
h a v e   c e r t a i n   a d v a n t a g e s   and  d i s a d v a n t a g e s .   T h u s ,   a l t h o u g h  

k e t o n e   d e w a x i n g   p r o c e s s e s   r e s u l t   in  a  l o w e r   p o u r - f i l t e r  

s p r e a d   a t   t h e   wax  f i l t r a t i o n   t e m p e r a t u r e   and   a l t h o u g h   l a r g e r  

wax  c r y s t a l s   can  be  grown  in  a  k e t o n e   e n v i r o n m e n t   t h a n   in  a n  

a u t o r e f r i g e r a n t   e n v i r o n m e n t   w i t h o u t   d e w a x i n g   a i d ,   k e t o n e s  

a r e   r e l a t i v e l y   n o n - v o l a t i l e   c o m p a r e d   to   a u t o r e f r i g e r a n t s ,  

a n d ,   t h e r e f o r e ,   c h i l l i n g   of  t h e   s o l v e n t / o i l   m i x t u r e   must   b e  

a c c o m p l i s h e d   by  e i t h e r   i n d i r e c t   means   or   by  m i x i n g   c o l d  

k e t o n e   s o l v e n t   w i t h   t h e   o i l .   In  t h e   l a t t e r   c a s e ,   p r a c t i c a l  

c o n s i d e r a t i o n s   l i m i t   t he   a m o u n t   and   t e m p e r a t u r e   of   c o l d  

k e t o n e   s o l v e n t   t h a t   can   be  a d d e d   and  t h e   t e m p e r a t u r e   to  w h i c h  

t h e   s o l v e n t / o i l   m i x t u r e   can  be  c o o l e d .   T h e r e f o r e ,   s o m e  

means   of   i n d i r e c t l y   c h i l l i n g   t h e   waxy  s l u r r y   f o l l o w i n g   t h e  

a d d i t i o n   of   s o l v e n t   is   r e q u i r e d   in  a l l   k e t o n e   d e w a x i n g   p r o -  

c e s s e s   in  o r d e r   to  b r i n g   t h e   s l u r r y   down  to  t h e   r e q u i r e d  

wax  f i l t r a t i o n   t e m p e r a t u r e .   The  mos t   common  m e t h o d   of   i n -  

d i r e c t   c h i l l i n g   is  v i a   t he   u se   of   s c r a p e d   s u r f a c e   c h i l l e r s  

w h i c h   a r e   e x p e n s i v e   and  d i f f i c u l t   to   m a i n t a i n .   A l s o ,   t h e  

s c r a p e d   s u r f a c e   c h i l l e r s   t e n d   to   d a m a g e   t h e   wax  c r y s t a l s   b y  

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

C o n v e r s e l y ,   wax  c r y s t a l s   g r o w n   in  an  a u t o r e f r i g e r -  

a n t   e n v i r o n m e n t ,   such   as  p r o p a n e   or   p r o p y l e n e ,   a r e   g e n e r a l l y  

s m a l l   w h i c h   n e c e s s i t a t e s   t h e   u s e   of   c o s t l y   d e w a x i n g   a i d s   i n  

o r d e r   to   a c h i e v e   good  f i l t r a t i o n   r a t e s ,   a l t h o u g h   e v a p o r a t i o n  

of  t h e   a u t o r e f r i g e r a n t   e n a b l e s   one  to   r e a c h   t h e   wax  f i l t r a -  

t i o n   t e m p e r a t u r e   w i t h o u t   t h e   n e c e s s i t y   o f   e m p l o y i n g   s c r a p e d -  

s u r f a c e   c h i l l e r s   or  i n d i r e c t   h e a t   e x c h a n g e r s   f o l l o w i n g   t h e  

s o l v e n t   d e w a x i n g   o p e r a t i o n .   A d d i t i o n a l l y ,   i t   ha s   b e e n   f o u n d  

n e c e s s a r y   to   e m p l o y   b a t c h   c h i l l i n g   in  a u t o r e f r i g e r a n t   d e w a x -  

ing   p r o c e s s e s   in  o r d e r   to  a l l o w   a  g r a d u a l   r e d u c t i o n   in  a  

p r e s s u r e .   T h i s   p r e v e n t s   s u d d e n   f l a s h i n g   of   t h e   a u t o r e f r i g -  

e r a n t   a t   t h e   p o i n t   of   p r e s s u r e   r e l e a s e ,   t h e r e b y   a v o i d i n g   s u d -  

den  l a r g e   t e m p e r a t u r e   d r o p s   of   t h e   o i l   s l u r r y   ( s h o c k   c h i l l i n g ) ,  



w h i c h   w o u l d   r e s u l t   in  e v e n   s m a l l e r   wax  c r y s t a l s   and  c o n c o m i -  

t a n t   s l o w e r   f i l t e r   r a t e s   of   t h e   wax  f r o m   t h e   d e w a x e d   o i l .  

In  some  k e t o n e   s o l v e n t   d e w a x i n g   p r o c e s s e s ,   t h e  

waxy  o i l   and  s o l v e n t ,   a t   a  t e m p e r a t u r e   a b o v e   t h e   c l o u d   p o i n t  

of   t h e   o i l ,   a r e   m i x e d   b e f o r e   b e i n g   c o o l e d .   T h i s   s o l u t i o n   i s  

t h e n   c o o l e d   a t   a  u n i f o r m ,   s l ow   r a t e   u n d e r   c o n d i t i o n s   w h i c h  

a v o i d   a g i t a t i o n   of  t h e   s o l u t i o n   as   t h e   wax  p r e c i p i t a t e s   o u t .  

In  a n o t h e r   m e t h o d ,   k e t o n e   d e w a x i n g   s o l v e n t   i s   a d d e d   to  t h e  

o i l   a t   s e v e r a l   p o i n t s   a l o n g   a  c h i l l i n g   a p p a r a t u s ,   bu t   t h e  

waxy  o i l   i s   f i r s t   c h i l l e d   w i t h o u t   s o l v e n t   u n t i l   some  w a x  

c r y s t a l l i z a t i o n   h a s   o c c u r r e d   and  t h e   m i x t u r e   h a s   t h i c k e n e d  

c o n s i d e r a b l y ,   a f t e r   w h i c h   a  f i r s t   i n c r e m e n t   o f   s o l v e n t ,   a t  

t h e   t e m p e r a t u r e   of   t h e   o i l ,   i s   i n t r o d u c e d   in  o r d e r   to  m a i n -  

t a i n   f l u i d i t y .   C o o l i n g   c o n t i n u e s ,   more   wax  is   p r e c i p i t a t e d  

o u t   and   a  s e c o n d   i n c r e m e n t   of   s o l v e n t ,   a t   t h e   t e m p e r a t u r e   o f  

t h e   m i x t u r e ,   i s   a d d e d   to   m a i n t a i n   f l u i d i t y .   T h i s   p r o c e s s   i s  

r e p e a t e d   u n t i l   a  t e m p e r a t u r e   t y p i c a l l y   r a n g i n g   f rom  a b o u t  

30°F   to   60°F   is   r e a c h e d ,   a t   w h i c h   p o i n t   an  a d d i t i o n a l   a m o u n t  

of   s o l v e n t   a t   t h e   same  t e m p e r a t u r e   as   t h e   m i x t u r e   i s   a d d e d  

in  o r d e r   to  r e d u c e   t h e   v i s c o s i t y   of   t h e   m i x t u r e   w h i c h   i s  

f u r t h e r   c h i l l e d   in  s c r a p e d - s u r f a c e   c h i l l e r s   t o  t h e   d e s i r e d  

f i l t r a t i o n   t e m p e r a t u r e .   In  t h e s e   p r o c e s s e s ,   i f   t he   s o l v e n t  

is   i n t r o d u c e d   a t   a  t e m p e r a t u r e   l o w e r   t h a n   t h a t   of   t h e   o i l   o r  

o i l / s o l v e n t   m i x t u r e ,   s h o c k   c h i l l i n g   o c c u r s   r e s u l t i n g   in  t h e  

f o r m a t i o n   of  s m a l l   a n d / o r   a c i c u l a   s h a p e d   wax  c r y s t a l s   w i t h  

a t t e n d a n t   p o o r   f i l t e r   r a t e .  

I t   i s   now  w e l l   known  t h a t   t h e   a d v e r s e   s h o c k   c h i l -  

l i n g   e f f e c t   can   be  o v e r c o m e   by  i n t r o d u c i n g   t h e   waxy  o i l   i n t o  

an  e l o n g a t e d ,   s t a g e d   c o o l i n g   z o n e   or   t o w e r   a t   a  t e m p e r a t u r e  

a b o v e   i t s   c l o u d   p o i n t   and  i n c r e m e n t a l l y   i n t r o d u c i n g   c o l d  

d e w a x i n g   s o l v e n t   i n t o   s a i d   z o n e ,   a l o n g   a  p l u r a l i t y   of   p o i n t s  

or   s t a g e s   t h e r e i n ,   w h i l e   m a i n t a i n i n g   a  h i g h   d e g r e e   of   a g i t a -  

t i o n   in   s a i d   s t a g e s ,   so  as   to   e f f e c t   s u b s t a n t i a l l y   i n s t a n t a n e -  

ous  m i x i n g   of   t h e   s o l v e n t   and   w a x / o i l   m i x t u r e   as   t h e y   p r o -  

g r e s s   t h r o u g h   s a i d   z o n e .   The  b a s i c   c o n c e p t   o f   t h i s   c o m m e r -  

c i a l l y   s u c c e s s f u l   p r o c e s s   i s   d i s c l o s e d   in  U.S .   P a t e n t   N o .  



3 , 7 7 3 , 6 5 0 ,   t h e   d i s c l o s u r e s   of   w h i c h   a r e   i n c o r p o r a t e d   h e r e i n  

by  r e f e r e n c e   and  s h a l l   h e r e i n a f t e r   be  r e f e r r e d   to   as  D I L C H I L L *  

d e w a x i n g   p r o c e s s .  

C o m m e r c i a l l y   s u c c e s s f u l   p r o c e s s e s   e m p l o y i n g   a u t o -  

r e f r i g e r a t i v e   c o o l i n g ,   w h e r e i n   t h e   waxy  o i l   i s   m ixed   w i t h   a 

l i q u i d   a u t o r e f r i g e r a n t   w h i c h   is   p e r m i t t e d   to   e v a p o r a t e   t h e r e -  

by  c o o l i n g   t h e   o i l   by  t he   l a t e n t   h e a t   of   e v a p o r a t i o n ,   a r e  

b a t c h   or   s e m i - b a t c h   o p e r a t i o n s .   T h i s   m i x t u r e   of   l i q u i d   a u t o -  

r e f r i g e r a n t   and  o i l   a r e   i n t r o d u c e d   i n t o   an  e x p a n s i o n   c h a m b e r  

w h e r e i n   t h e   p r e s s u r e   is   s l o w l y   r e d u c e d   to   a c h i e v e   c o n t r o l l e d  

e v a p o r a t i o n   of   t he   a u t o r e f r i g e r a n t   and  c o n t r o l l e d   c o o l i n g   o f  

the   o i l ,   t h u s   a v o i d i n g   t h e   s h o c k   c h i l l i n g   w h i c h   w o u l d   r e s u l t  

i f   t h e   a u t o r e f r i g e r a n t   w e r e   a l l o w e d   to  f l a s h   o f f .   H o w e v e r ,  

b a t c h   p r o c e s s e s   a r e   c u m b e r s o m e ,   d i f f i c u l t   to  o p e r a t e   a n d  

e n e r g y   i n e f f i c i e n t .  

A  n u m b e r   of   a t t e m p t s   h a v e   b e e n   made  to  d e v e l o p   a  

c o n t i n u o u s   a u t o r e f r i g e r a n t   p r o c e s s   f o r   d e w a x i n g   o i l s ,   i n c l u d -  

ing   c o m b i n a t i o n s   of   k e t o n e / a u t o r e f r i g e r a n t   p r o c e s s e s .   T h u s ,  

U.S.   P a t e n t   No.  3 , 5 4 9 , 5 1 3   d i s c l o s e s   an  a u t o r e f r i g e r a t i v e  

b a t c h   d e w a x i n g   p r o c e s s   t h a t   i s   d e s c r i b e d   as  c o n t i n u o u s   b u t  

w h i c h   r e a l l y   o p e r a t e s   v i a   t he   s e q u e n t i a l   u se   of   a  m u l t i p l e  

n u m b e r   of   b a t c h   c h i l l e r s   or   e x p a n s i o n   c h a m b e r s .   Waxy  o i l  

is   d i l u t e d   w i t h   an  a r o m a t i c / k e t o n e   s o l v e n t   m i x t u r e   and  w i t h  

l i q u i d   a u t o r e f r i g e r a n t   and  c o o l i n g   i s   a c h i e v e d   by  c o n t r o l l e d  

e v a p o r a t i o n   of   t h e   a u t o r e f r i g e r a n t   by  r e d u c i n g   t h e   p r e s s u r e  
in  e a c h   b a t c h   c h a m b e r   in  a  m a n n e r   s u c h   t h a t   t h e   a u t o r e f r i g e r a n t  

e v a p o r a t e s   a t   a  c o n t r o l l e d   r a t e .   U.S .   P a t e n t   3 , 6 5 8 , 6 8 8  

d i s c l o s e s   an  a u t o r e f r i g e r a n t   d e w a x i n g   p r o c e s s   w h e r e i n   a  p o r -  
t i o n   of   t h e   wax  is   p r e c i p i t a t e d   f r o m   t h e   o i l   in   a  D I L C H I L L  

d e w a x i n g   t o w e r   w h e r e i n   t h e   c o o l i n g   o c c u r s   by  t h e   i n j e c t i o n  

of   c o l d   a u t o r e f r i g e r a n t   i n t o   t h e   t o w e r   to  p r o d u c e   a  w a x y  

s l u r r y ,   f o l l o w e d   by  a u t o r e f r i g e r a t i v e   c o o l i n g   of   t h e   s l u r r y  

in  b a t c h   c h i l l e r s .   U.S.   P a t e n t   2 , 2 0 2 , 5 4 2   s u g g e s t   a  c o n t i n -  

uous   a u t o r e f r i g e r a n t   d e w a x i n g   p r o c e s s   w h e r e i n   a  waxy  o i l   a b o v e  

* R e g i s t e r e d   s e r v i c e   mark   of  Exxon  R e s e a r c h   and  E n g i n e e r i n g   Co .  



i t s   c l o u d   p o i n t   is   p r e m i x e d   w i t h   warm,   l i q u i d   p r o p a n e .   T h i s  

m i x t u r e   i s   i n t r o d u c e d   i n t o   a  m u l t i - s t a g e d   c o o l i n g   t o w e r   a n d  

l i q u i d   C02  is  i n j e c t e d   i n t o   e a c h   s t a g e   ou t   of   d i r e c t   c o n t a c t  

w i t h   t h e   o i l .   T h i s   p a t e n t   e m p h a s i z e s   t h e   p o i n t   t h a t   t h e  

l i q u i d   C02  mus t   be  i n t r o d u c e d   i n t o   e a c h   s t a g e   ou t   of   d i r e c t  

c o n t a c t   w i t h   t h e   o i l   in   t h e   t o w e r   in  o r d e r   to   a v o i d   s h o c k  

c h i l l i n g .   H o w e v e r ,   t h i s   i s   i m p r a c t i c a l   b e c a u s e   t h e   v a p o r  
l o a d s   on  t h e   t o w e r   w o u l d   be  f a r   in  e x c e s s   o f   wha t   c o u l d   b e  

a c c o m m o d a t e d   in   a  r e a s o n a b l y   s i z e d   c o m m e r c i a l   t o w e r .   A l s o ,  

r e f r i g e r a t i o n   r e q u i r e m e n t s   a r e   t h r e e   t i m e s   t h o s e   n o r m a l l y  

n e e d e d   and  c o n d i t i o n s   f o r   n u c l e a t i o n   and  g r o w t h   of   wax  c r y -  
s t a l s   a r e   p o o r .   U.S.   P a t e n t   3 , 7 2 0 , 5 9 9   d i s c l o s e s   a  c o n t i n u o u s  

p r o c e s s   f o r   d e w a x i n g   a  waxy  p e t r o l e u m   o i l   s t o c k   w h e r e i n   t h e  

o i l   i s   p r e m i x e d   w i t h   a c e t o n e .   T h i s   m i x t u r e   i s   t h e n   i n t r o d u c e d  

i n t o   a  h o r i z o n t a l ,   e l o n g a t e d   c h i l l i n g   v e s s e l   c o n t a i n i n g   a  

p l u r a l i t y   o f   s t a g e s   o p e r a t i n g   a t   d i f f e r e n t   p r e s s u r e s ,   w i t h  

t h e   p r e s s u r e   in   e a c h   s t a g e   c o n t r o l l e d   by  a  b a c k   p r e s s u r e  

r e g u l a t o r   on  e a c h   s t a g e .   L i q u i d   a u t o r e f r i g e r a n t   is   i n t r o -  

d u c e d   i n t o   t h e   s t a g e s   a l o n g   t h e   l e n g t h   of   t h e   c h i l l i n g   v e s s e l  

w h i l e   m a i n t a i n i n g   a  h i g h   d e g r e e   of   a g i t a t i o n   t h e r e i n   t o  .  

a v o i d   s h o c k   c h i l l i n g .   The  a u t o r e f r i g e r a n t   i s   p a r t i a l l y   e v a p -  
o r a t e d   in   e a c h   s t a g e ,   w i t h   t h e   a m o u n t   o f   e v a p o r a t i o n   b e i n g  

c o n t r o l l e d   by  t h e   p r e s s u r e   in   e a c h   s t a g e .   U n f o r t u n a t e l y ,  

t h e r e   a r e   p r o b l e m s   w h i c h   c u r r e n t l y   p r e c l u d e   c o m m e r c i a l i z a t i o n  

of   t h i s   p r o c e s s ,   n o t   t h e   l e a s t  o f   w h i c h   i s   a  p r a c t i c a l ,   e f f i c -  

i e n t   way  of   g e t t i n g   t h e   s l u r r y   to   f l o w   f r o m   s t a g e   to   s t a g e  

w i t h o u t   p l u g g i n g   up  t h e   e n t i r e   a p p a r a t u s   w i t h   wax  or   w i t h o u t  

m u l t i p l e   t r a n s f e r   pumps  w h i c h   w o u l d   be  e x p e n s i v e   and   w o u l d  

a l s o   t e n d   to  d e s t r o y   t h e   wax  c r y s t a l   s t r u c t u r e .   A n o t h e r  

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

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

d i f f i c u l t i e s   a s s o c i a t e d   w i t h   a  common  h o r i z o n t a l   d r i v e   s h a f t .  

A d d i t i o n a l l y ,   3 , 7 2 0 , 5 9 9   p r o v i d e s   f o r   t h e   n u c l e a t i o n   a n d  

i n i t i a l   g r o w t h   of   wax  to   o c c u r   in   t h e   p r e s e n c e   of   s u b s t a n t i a l  

a m o u n t s   ( i . e . , - . 7 2 5 % )   of   a u t o r e f r i g e r a n t   s o l v e n t ,   w h i c h ,   i n  

t h e   a b s e n c e   of   d e w a x i n g   a i d ,   h a s   b e e n   f o u n d   to  p r o d u c e   w a x  



c r y s t a l s   i n f e r i o r   to  t h o s e   p r o d u c e d   when  n u c l e a t i o n   o c c u r s  

by  c h i l l i n g   in  t he   p r e s e n c e   of  k e t o n e s   or  k e t o n e / a r o m a t i c  

s o l v e n t s   f o l l o w e d   by  a u t o r e f r i g e r a t i o n .   For   e x a m p l e ,   w h e n  

m i x t u r e s   of   k e t o n e   and  h i g h   p e r c e n t a g e s   ( 7 4 0 % )   of  p r o p y l e n e  

were   u s e d   in  t h e   DILCHILL  d e w a x i n g   p r o c e s s ,   a  d i s t i l l a t e   o i l /  

wax  s l u r r y   was  p r o d u c e d  w h i c h   f i l t e r e d   v e r y   p o o r l y .  

I t   w o u l d   be  an  i m p r o v e m e n t   to   t h e   a r t   i f   one  c o u l d  

c o m b i n e   b o t h   k e t o n e   and  a u t o r e f r i g e r a n t   s o l v e n t   d e w a x i n g   p r o -  

c e s s e s   i n t o   a  c o n t i n u o u s   p r o c e s s   and  in  such   a  m a n n e r   so  a s  

to  c a r e f u l l y   f o r m   t he   wax  n u c l e i   and  b e g i n   c r y s t a l   g r o w t h   i n  

a  s u b s t a n t i a l l y   n o n - a u t o r e f r i g e r a n t   s o l v e n t   e n v i r o n m e n t   s u c h  

as  k e t o n e ,   to  a c h i e v e   l a r g e ,   s t a b l e ,   s p h e r i c a l   c r y s t a l s   w i t h -  

ou t   t h e   u se   o f   d e w a x i n g   a i d   and   t h e n   f u r t h e r   p r e c i p i t a t e  

a d d i t i o n a l   wax  w i t h o u t   d e s t r o y i n g   t h e   s p h e r e s   v i a   d i r e c t   c o n -  

t a c t   w i t h   an  e v a p o r a t i n g   a u t o r e f r i g e r a n t ,   t h e r e b y   a v o i d i n g  

t h e   n e e d   f o r   s c r a p e d   s u r f a c e   c h i l l e r s   f o l l o w i n g   t h e   k e t o n e  

d e w a x i n g   s t e p .  
SUMMARY  OF  THE  INVENTION 

What  h a s   now  b e e n   d i s c o v e r e d   is   a  c o n t i n u o u s   a u t o r e -  

f r i g e r a n t   p r o c e s s   and  a p p a r a t u s   f o r   s o l v e n t   d e w a x i n g   w a x y  
o i l s   w h i c h   c o m p r i s e   t h e   s t e p s   o f :  

(a )   p r e d i l u t i n g   t h e   waxy  o i l   w i t h   a  n o n - a u t o -  

r e f r i g e r a n t   d e w a x i n g   s o l v e n t   to   f o r m   a  m i x t u r e   of   waxy  o i l  

and  s o l v e n t ;  

(b)   p a s s i n g   s a i d   m i x t u r e   f rom  s t e p   ( a ) ,   a t   a  t e m p -  

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

a u t o r e f r i g e r a t i v e   c h i l l i n g   z o n e   w h i c h   c o m p r i s e s   a  v e r t i c a l ,  

e l o n g a t e d ,   m u l t i - s t a g e d   t o w e r   o p e r a t i n g   a t   a  c o n s t a n t   p r e s -  

s u r e   w h e r e i n   e a c h   s t a g e   c o n t a i n s   a  l i q u i d   s p a c e   and  a  v a p o r  

s p a c e   a b o v e   t h e   l i q u i d   s p a c e ,   e a c h   o f   s a i d   v a p o r   s p a c e s   a l s o  

c o n t a i n i n g   means   f o r   r e m o v a l   of   a u t o r e f r i g e r a n t   v a p o r   t h e r e -  

f r o m ;  

(c )   c o o l i n g   s a i d   m i x t u r e   as  i t   p a s s e s   down  f r o m  

s t a g e   to  s t a g e   in   s a i d   c h i l l i n g   z o n e   to  p r e c i p i t a t e   wax  f r o m  

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

of  wax  and  a  d e w a x e d   o i l / s o l v e n t   s o l u t i o n   and  f u r t h e r   c h i l l -  



ing   t h e   s o - f o r m e d   s l u r r y   by  c o n t a c t i n g   same,   in  s a i d   c h i l l i n g  

z o n e ,   w i t h   a  l i q u i d   a u t o r e f r i g e r a n t   w h i c h   is   i n t r o d u c e d   u n d e r  

f l o w   r a t e   c o n t r o l   c o n d i t i o n s   i n t o   a  p l u r a l i t y   of   t he   s t a g e s  
in  s a i d   zone   and  a l l o w e d   to  e v a p o r a t e   t h e r e i n   so  as  t o  
a c h i e v e   an  a v e r a g e   c o o l i n g   r a t e   o f   t h e   s l u r r y   in  s a i d   z o n e  

r a n g i n g   f rom  b e t w e e n   a b o u t   0 . 1   to   20°F  p e r   m i n u t e   w i t h   a n  

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

l i q u i d   a u t o r e f r i g e r a n t   i s   i n t r o d u c e d   and  e v a p o r a t e d   r a n g i n g  
f r o m   b e t w e e n   a b o u t   2  to  20°F   and  w h e r e i n   t h e   e v a p o r a t e d  

a u t o r e f r i g e r a n t   i s   r e m o v e d   f r o m   e a c h   of   s a i d   s t a g e s   i n t o   w h i c h  

s a i d   l i q u i d   a u t o r e f r i g e r a n t   was  i n j e c t e d   in   a  m a n n e r   s u c h  

t h a t   t h e   a u t o r e f r i g e r a n t   v a p o r   f o r m e d   in  any   g i v e n   s t a g e   d o e s  

n o t   p a s s   t h r o u g h   t h e   s l u r r y   on  a l l   of   t h e   s t a g e s   in   t h e   t o w e r  

a b o v e   s a i d   s t a g e ;   a n d  

(d)   s e p a r a t i n g   t h e   wax  f r o m   t h e   s l u r r y   to  o b t a i n  

wax  and   a  d e w a x e d   o i l   s o l u t i o n .  

In  a  p r e f e r r e d   e m b o d i m e n t   of   t h i s   i n v e n t i o n ,   t h e  

p r e d i l u t e d   o i l   w i l l   c o n t a i n   a  d e w a x i n g   a i d   and   w i l l   be  i n t r o -  

d u c e d   i n t o   t h e   t op   of   t h e   c h i l l i n g   zone   a t   a  t e m p e r a t u r e   a t  

or   n e a r   i t s   c l o u d   p o i n t   and   t h e   s l u r r y  w i l l   be  c h i l l e d   d o w n  

to  t h e   wax  f i l t r a t i o n   t e m p e r a t u r e   in  s a i d   c h i l l i n g   z o n e .  

A l t e r n a t i v e l y ,   t h e   i n v e n t i o n   may  be  p r a c t i c e d  

e m p l o y i n g   c o l d   n o n - a u t o r e f r i g e r a t i v e   d e w a x i n g   s o l v e n t   i n  

w h i c h   c a s e   t h e   p r o c e s s   c o m p r i s e s - t h e   s t e p s   o f :  

( a )   p a s s i n g   t h e   waxy  o i l ,   a t   a  t e m p e r a t u r e   a b o v e  

i t s   c l o u d   p o i n t ,   i n t o   a  f i r s t   c h i l l i n g   zone   w h e r e i n   a  p o r -  
t i o n   of   t h e   wax  i s   p r e c i p i t a t e d   f r o m   t h e   o i l   by  c o o l i n g  

same  in   t h e   p r e s e n c e   o f   a  n o n - a u t o r e f r i g e r a n t   d e w a x i n g   s o l -  

v e n t   to   f o r m   a  s l u r r y   o f   o i l ,   s o l v e n t   and  s o l i d   p a r t i c l e s  

of   w a x ;  

(b)   p a s s i n g   t h e   s l u r r y   f r o m   t h e   f i r s t   c h i l l i n g  

zone   to   a  s e c o n d   c h i l l i n g   zone   w h i c h   c o m p r i s e s   a  v e r t i c a l ,  

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

e a c h   s t a g e   c o n t a i n s   a  l i q u i d   s p a c e   and  a  v a p o r   s p a c e   a b o v e  

t h e   l i q u i d   s p a c e ,   e a c h   o f   s a i d   v a p o r   s p a c e s   a l s o   c o n t a i n i n g  

means   f o r   r e m o v a l   of   a u t o r e f r i g e r a n t   v a p o r   t h e r e f r o m ;  



(c)   c o o l i n g   s a i d   s l u r r y   p r o d u c e d   in  s a i d   f i r s t  

c h i l l i n g   zone   down  to  wax  f i l t r a t i o n   t e m p e r a t u r e   and  p r e c i -  

p i t a t i n g   a d d i t i o n a l   wax  t h e r e f r o m   in  s a i d   s e c o n d   c h i l l i n g  

zone   by  c o n t a c t i n g   same  in  s a i d   s e c o n d   zone   w i t h   a  l i q u i d  

a u t o r e f r i g e r a n t   w h i c h   is  i n t r o d u c e d   u n d e r   f l ow  r a c e   c o n t r o l  

c o n d i t i o n s   i n t o   a  p l u r a l i t y   of   t h e   s t a g e s   in  s a i d   s e c o n d   z o n e  

and  a l l o w e d   to  e v a p o r a t e   t h e r e i n   so  as  to  a c h i e v e   an  a v e r a g e  

c o o l i n g   r a t e   of  t h e   s l u r r y   in  s a i d   zone   r a n g i n g   f rom  b e t w e e n  

a b o u t   0 . 1   to  20°F  p e r   m i n u t e   w i t h   an  a v e r a g e   t e m p e r a t u r e  

d rop   a c r o s s   e a c h   s t a g e   i n t o   w h i c h   s a i d   l i q u i d   a u t o r e f r i g e r a n t  

is   i n t r o d u c e d   and  e v a p o r a t e d   r a n g i n g   f rom  b e t w e e n   a b o u t   2 

to  20°F  and  w h e r e i n   t h e   e v a p o r a t e d   a u t o r e f r i g e r a n t   is   r e m o v e d  

f rom  e a c h   of   s a i d   s t a g e s   i n t o   w h i c h   s a i d   l i q u i d   a u t o r e f r i g e r a n t  

was  i n j e c t e d   in  a  m a n n e r   s u c h   t h a t   t h e   a u t o r e f r i g e r a n t   v a p o r  

f o r m e d   in  any  g i v e n   s t a g e   d o e s   n o t   p a s s   t h r o u g h   t h e   s l u r r y   o n  

a l l   of  t he   s t a g e s   in  t h e   t o w e r   a b o v e   s a i d   s t a g e ;   a n d  

(d)   s e p a r a t i n g   t h e   wax  f r o m   the   s l u r r y   to  o b t a i n  

wax  and  a  d e w a x e d   o i l   s o l u t i o n .  

The  " c l o u d   p o i n t "   of   t h e   o i l   i s   d e f i n e d   as  a  t e m -  

p e r a t u r e   a t   w h i c h   a  c l o u d   or  h a z e   of   wax  c r y s t a l s   f i r s t  

a p p e a r s   when  an  o i l   i s   c o o l e d   u n d e r   p r e s c r i b e d   c o n d i t i o n s  

( A S T M  D - 2 5 0 0 - 6 6   p r o c e d u r e ) .   " P r e d i l u t i o n " ,   as  t h e   t e r m   i s  

u s e d   h e r e i n ,   r e f e r s   to   t h e   m i x i n g   of   s o l v e n t   and  o i l   p r i o r  

to  c o o l i n g   t h e   o i l   to  a  t e m p e r a t u r e   b e l o w   i t s   d e p r e s s e d   c l o u d  

p o i n t   and  c o m p r i s e s ,   in  one  e m b o d i m e n t   of   t h i s   i n v e n t i o n ,  

p r e d i l u t i n g   a  waxy  o i l   w i t h   a t   l e a s t   a b o u t   0 . 1   v o l u m e   of   a n  

a u t o r e f r i g e r a t i v e   p r e d i l u t i o n   s o l v e n t   p e r   v o l u m e   of   o i l  

s t o c k   or   a t   l e a s t   0 . 5   v o l u m e   of   a  n o n - a u t o r e f r i g e r a t i v e   p r e -  
d i l u t i o n   s o l v e n t   p e r   v o l u m e   of   o i l   s t o c k   r e s u l t i n g   in  t h e  

d e p r e s s i o n   of   t h e   c l o u d   p o i n t   of   t h e   o i l   s t o c k .   I f   p r e d i l u -  

t i o n   is  u s e d ,   i t   i s   p r e f e r r e d   to   p r e d i l u t e   w i t h   n o n - a u t o r e -  

f r i g e r a n t   s o l v e n t s ,   e s p e c i a l l y   k e t o n e s .   N o n - a u t o r e f r i g e r a n t  

s o l v e n t ,   as  t h e   t e r m   is  u s e d   h e r e i n ,   r e f e r s   to  d e w a x i n g   s o l -  

v e n t s ,   p r e f e r a b l y   k e t o n e s ,   t h a t   a r e   l i q u i d   a t   n o r m a l   t e m -  

p e r a t u r e   and  p r e s s u r e ,   b u t   may  i n c l u d e   t h e   p r e s e n c e   of   a s  

much  as  a b o u t   30  LV  ( l i q u i d   v o l u m e )   %  of  t he   a u t o r e f r i g e r a n t  



u s e d   in   t h e   s e c o n d   c h i l l i n g   z o n e ,   b a s e d   on  t h e   waxy  o i l   f e e d .  

The  n o n - a u t o r e f r i g e r a t i v e   d e w a x i n g   s o l v e n t  

e m p l o y e d   as   p r e d i l u t i o n   a n d / o r   f i r s t   c h i l l i n g   s o l v e n t   i n  

t h i s   i n v e n t i o n   i n c l u d e s   one  or   more   (a)   a l i p h a t i c   k e t o n e s  

h a v i n g   f r o m   3-6   c a r b o n   a t o m s ,   s u c h   as   a c e t o n e ,   m e t h y l - e t h y l  

k e t o n e   (MEK),  m e t h y l - i s o b u t y l   k e t o n e   (MIBK),  m e t h y l - p r o p y l  

k e t o n e   and   m i x t u r e s   t h e r e o f ,   (b)   h a l o g e n a t e d   low  m o l e c u l a r  

w e i g h t   h y d r o c a r b o n s   s u c h   as  C2-C4  a l k y l   c h l o r i d e s   ( e . g . ,  

d i c h l o r o m e t h a n e ,   d i c h l o r e t h a n e ,   m e t h y l e n e   c h l o r i d e )   and  m i x -  

t u r e s   t h e r e o f ,   (c )   n o r m a l   or   i s o p a r a f f i n s   h a v i n g   5  to   1 0  

c a r b o n   a t o m s ,   (d)   a r o m a t i c s   s u c h   as   b e n z e n e ,   t o l u e n e ,   x y l e n e ,  

p e t r o l e u m   n a p h t h a   and   m i x t u r e s   t h e r e o f ,   and  (e )   m i x t u r e s   o f  

any   of   t h e   f o r e g o i n g   s o l v e n t s .   N o n - a u t o r e f r i g e r a n t   s o l v e n t  

as  h e r e i n   d e f i n e d   may  i n c l u d e   up  to  25  LV  %  of   a u t o r e f r i g e r -  

a n t   s o l v e n t ,   p r e f e r a b l y   n o t   more   t h a n   10  LV %  and   s t i l l   m o r e  

p r e f e r a b l y   n o t   more  t h a n   5  LV  %.  For   e x a m p l e ,   t he   k e t o n e s   a r e  

o f t e n   u s e d   in  c o m b i n a t i o n   w i t h   one  or   more  a r o m a t i c   c o m p o u n d s  

s u c h   as  b e n z e n e ,   t o l u e n e ,   x y l e n e   and   p e t r o l e u m   n a p h t h a .   P r e -  

f e r r e d   s o l v e n t s   c o m p r i s e   k e t o n e s .   P a r t i c u l a r l y   p r e f e r r e d   a r e  

m i x t u r e s   of   MEK  and  MIBK  or   MEK  and  t o l u e n e .   A u t o r e f r i g e r a n t s  

u s e d   in   t h i s   i n v e n t i o n   i n c l u d e   l i q u i d ,   n o r m a l l y   g a s e o u s   C 2 - C 4  

h y d r o c a r b o n s   s u c h   as  p r o p a n e ,   p r o p y l e n e ,   e t h a n e ,   e t h y l e n e   a n d  

m i x t u r e s   t h e r e o f   as   w e l l   as  ammonia   and  n o r m a l l y   g a s e o u s   f l o u r -  

c a r b o n s   s u c h   as  m o n o c h l o r o d i f l u o r o m e t h a n e   ( F r e o n   2 2 ) .   A u t o r e -  

f r i g e r a t i v e   s o l v e n t   as   h e r e i n   d e f i n e d   may  c o n t a i n   up  to   a b o u t  

50  LV  %  of   n o n - a u t o r e f r i g e r a t i v e   s o l v e n t ,   p r e f e r a b l y   no  m o r e  

t h a n   10  LV %  and  p r e f e r a b l y   no  more   t h a n   2  LV  %. 

The  a u t o r e f r i g e r a t i v e   c h i l l i n g   zone   is   a  v e r t i c a l ,  

e l o n g a t e d ,   m u l t i - s t a g e d   t o w e r   o p e r a t i n g   a t   a  c o n s t a n t   p r e s  -  
s u r e   and  in   a  m a n n e r   s u c h   t h a t   t h e   waxy  o i l   and   s l u r r y   p a s s  
down  f r o m   s t a g e   to   s t a g e   o f   t h e   t o w e r   by  g r a v i t y   and  c o l d ,  

l i q u i d   a u t o r e f r i g e r a n t   i s   i n j e c t e d   i n t o   e a c h   s t a g e   of   t h e  

t o w e r   w h e r e i n   i t   c o n t a c t s   t h e   w a r m e r   o i l   or   s l u r r y   and  c o o l s  

same  v i a   a u t o r e f r i g e r a t i v e   e v a p o r a t i o n .   At  l e a s t   a  p o r t i o n  
of   t h e   c o l d ,   l i q u i d   a u t o r e f r i g e r a n t   i m m e d i a t e l y   e v a p o r a t e s   o n  
c o n t a c t   w i t h   t h e   w a r m e r   o i l   or  s l u r r y   w h i c h   r e s u l t s   in  a g i -  
t a t i o n   in   t h e   a r e a   of  c o n t a c t   s u f f i c i e n t   to  a c h i e v e  s u b  



s t a n t i a l l y   i n s t a n t a n e o u s   m i x i n g   ( i . e . ,   a b o u t   one  s e c o n d   o r  

l e s s   of   t he   o i l   or  s l u r r y   w i t h   t h e   c o l d   l i q u i d   a u t o r e f r i g e r -  

a n t ,   t h u s   a v o i d i n g   t h e   s h o c k   c h i l l i n g   e f f e c t .   As  h e r e i n -  

b e f o r e   s t a t e d ,   s u p r a ,   e a c h   s t a g e   c o n t a i n s   means   f o r   r e -  

m o v i n g   t he   a u t o r e f r i g e r a n t   v a p o r s   t h e r e f r o m   and  t he   s l u r r y  

f l o w s   down  f rom  s t a g e   to  s t a g e   in  t h e   t o w e r   by  t h e   a c t i o n  

of   g r a v i t y .   The  c o o l e d   s l u r r y   e x i t i n g   t h i s   c h i l l i n g   z o n e  

is  t h e n   p a s s e d   to   m e a n s ,   s u c h   as  r o t a r y   p r e s s u r e   f i l t e r s ,  

f o r   s e p a r a t i n g   t h e   wax  f rom  t h e   d e w a x e d   o i l / s o l v e n t   m i x t u r e .  

In  g e n e r a l ,   t h i s   a u t o r e f r i g e r a t i v e   c h i l l i n g   z o n e  

or  t o w e r   w i l l   o p e r a t e   a t   a  c o n s t a n t   p r e s s u r e   w i t h i n   t h e  

r a n g e   of  f r o m   a b o u t   C  to   50  p s i g   and  more  p r e f e r a b l y   f r o m  

a b o u t   2  to  2C  p s i g .   The  a v e r a g e   c h i l l i n g   r a t e   in  t h e   t o w e r  

is  t h e   d i f f e r e n c e   b e t w e e n   t h e   t e m p e r a t u r e   of   t h e   p r e d i l u t e d  

o i l   e n t e r i n g   t h e   t o w e r   and   t h e   t e m p e r a t u r e   of   t h e   s l u r r y  

e x i t i n g   t h e   t o w e r   d i v i d e d   by  t h e   r e s i d e n c e   t i m e   of  t h e   o i l  

or  s l u r r y   in  t h e   t o w e r   and  w i l l   r a n g e   f rom  a b o u t   0 . 1   to  2 C ° F /  

m i n u t e   and  more  p r e f e r a b l y   f r o m   a b o u t   0 .5   to  l C ° F / m i n u t e .  

T h i s   i s   a c h i e v e d   by  c o n t r o l l i n g   t h e   a u t o r e f r i g e r a n t   f l o w  

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

g r a d u a l l y   d e c r e a s i n g   t h e   p r e s s u r e   in  t h e   s y s t e m   as  i s   d o n e  

in  b a t c h   c h i l l e r s .   T h a t   i s ,   a  c o n t r o l l e d   q u a n t i t y   o f   a u t o r e -  

f r i g e r a n t   is  v a p o r i z e d   in  d i r e c t   c o n t a c t   w i t h   c o n t r o l l e d  

q u a n t i t y   of   o i l   or  s l u r r y   in  e a c h   s t a g e   o f   t h e   t o w e r .   T h i s  

is  a c c o m p l i s h e d   by  i n j e c t i n g   t h e   l i q u i d   a u t o r e f r i g e r a n t  

t h r o u g h   s p r a y   n o z z l e s   e i t h e r   s u b m e r g e d   in  t h e   s l u r r y   or   a b o v e  

t he   s u r f a c e   t h e r e o f   in  e a c h   s t a g e   of   t h e   t o w e r   u n d e r   f l o w  

r a t e   c o n t r o l   c o n d i t i o n s .   T h i s   in  t u r n   c o n t r o l s   t h e   t e m p -  
e r a t u r e   d r o p   f o r   e a c h   s t a g e   w h i c h   w i l l   r a n g e   f r o m   a b o u t   2  t o  

20°F .   The  s t a g e w i s e   c h i l l i n g   r a t e   t h e n   d e p e n d s   on  t h e   l i q u i d  

h o l d u p ' o r   r e s i d e n c e   t i m e   f o r   e a c h   s t a g e .   The  a u t o r e f r i g e r a n t  

e v a p o r a t e s   and  c o o l s   t h e   o i l   p r i m a r i l y   by  i t s   l a t e n t   h e a t   o f  

v a p o r i z a t i o n   w h i c h   r e s u l t s   in  an  e x t r e m e l y   h i g h   h e a t   t r a n s f e r  

r a t e .   The  a u t o r e f r i g e r a n t   v a p o r   is   w i t h d r a w n   f r o m   e a c h   s t a g e  

in  a  m a n n e r   so  as  to  a v o i d   v a p o r   o v e r l o a d   in   t h e   t o w e r .   I n  

a  p r e f e r r e d   e m b o d i m e n t ,   t h i s   is   done   by  s e p a r a t e l y   r e m o v i n g  



t h e   v a p o r   f r o m   t h e   v a p o r   s p a c e   of   e a c h   s t a g e   d i r e c t l y  

t h r o u g h   and  o u t s i d e   of   t he   c o o l i n g   zone   or  t o w e r ,   r a t h e r  

t h a n   a l l o w i n g   t h e   v a p o r   to   c u m u l a t i v e l y   p a s s   up  t h r o u g h   e a c h  

u p p e r ,   s u c c e s s i v e   s t a g e ,   as  is   d i s c l o s e d   in  t h e   p r i o r   a r t .  

H o w e v e r ,   u n d e r   c e r t a i n   c i r c u m s t a n c e s ,   i t   may  be  a d v a n t a g e o u s  

to  a l l o w   t h e   v a p o r   p r o d u c e d   in  one  or  more  g i v e n   s t a g e s  

to  p a s s   up  t h r o u g h   t h e   t o w e r   or   c o o l i n g   zone   t h r o u g h   s o m e ,  
bu t   n o t   a l l ,   of   the   s t a g e s   a b o v e   s a i d   one  or  more   g i v e n  

s t a g e s   b e f o r e   r e m o v i n g   t h e   c u m u l a t i v e   v a p o r   f r o m   t h e  

c o o l i n g   z o n e   or   t o w e r .   By  way  o f   i l l u s t r a t i o n ,   i t   may  b e  

a d v a n t a g e o u s   to   r e m o v e   v a p o r   f r o m   t h e   zone   or   t o w e r   a t   e v e r y  
s e c o n d ,   t h i r d   and  f o u r t h   s u c c e s s i v e   s t a g e .   An  a m o u n t   o f  

a u t o r e f r i g e r a n t   i s   a d d e d   p e r   s t a g e   to   g i v e   a  s t a g e w i s e   t e m p -  

e r a t u r e   d e c r e a s e   r a n g i n g   f r o m   2  to   2 0 ° F ,   and   more   p r e f e r a b l y  

f rom  3  to  10°F .   Of  c o u r s e ,   t h e   u l t i m a t e   t e m p e r a t u r e   t o  

w h i c h   t h e   s l u r r y   i s   c o o l e d   in   t h i s   t o w e r   w i l l   d e p e n d   on  t h e  

t e m p e r a t u r e   of   t h e   p r e d i l u t e d   o i l   as   i t   e n t e r s   same,   t h e  

l i q u i d   h o l d - u p   in  e a c h   s t a g e ,   t h e   a m o u n t ,   t y p e   and  t e m p e r -  

a t u r e   of   a u t o r e f r i g e r a n t   i n j e c t e d   i n t o   e a c h   s t a g e   as   w e l l  

as   t he   p r e s s u r e   in  t h e   t o w e r   and   t h e   n u m b e r   o f   s t a g e s   i n  

t h e   t o w e r .   T h e r e f o r e ,   i t   is   u n d e r s t o o d ,   of   c o u r s e ,   d e p e n d i n g  

on  the   f e e d   and   s i z e   of   t h e   t o w e r ,   t h a t   i t   may  n o t   a l w a y s  

be  n e c e s s a r y   to   i n j e c t   l i q u i d   a u t o r e f r i g e r a n t   i n t o   e a c h  

and  e v e r y   s t a g e   o f   t h e   t o w e r .   The  c o o l i n g   z o n e   w i l l ,   i n  

g e n e r a l ,   c o o l   and   s l u r r y   down  to  a  t e m p e r a t u r e   r a n g i n g  

f rom  b e t w e e n   a b o u t   10  to  40°F   a n d ,   more  p r e f e r a b l y ,   15  to  3 0 ° F  

b e l o w   t h e   d e s i r e d   p o u r   p o i n t   o f   t h e   d e w a x e d   o i l .  

When  e m p l o y i n g   c o l d   n o n - a u t o r e f r i g e r a t i v e   s o l v e n t s  

t h e   f i r s t   c h i l l i n g   zone   may  be  any   t y p e   of   c h i l l i n g   z o n e  

u s e d   in   c o n v e n t i o n a l   k e t o n e   d e w a x i n g   p r o c e s s e s   d e s c r i b e d  

u n d e r   DESCRIPTION  OF  THE  PRIOR 'ART,  s u p r a ,   i n c l u d i n g   s c r a p e d -  
s u r f a c e   c h i l l i n g   z o n e s .   H o w e v e r ,   in  a  p r e f e r r e d   e m b o d i m e n t  

of  t h i s   i n v e n t i o n ,   t h e   f i r s t   c h i l l i n g  z o n e   w i l l   be  an  i n c r e -  

m e n t a l   DILCHILL  z o n e   of   t h e   t y p e   d i s c l o s e d   in   U .S .   P a t e n t  

3 , 7 7 3 , 6 5 0   d i s c u s s e d ,   s u p r a ,   t h e   d i s c l o s u r e s   o f   w h i c h   a r e  

i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   T h a t   i s ,   a  waxy  o i l   a t  



a  t e m p e r a t u r e   a b o v e   i t s   c l o u d   p o i n t   is   i n t r o d u c e d   i n t o   a n  

e l o n g a t e d ,   s t a g e d   c h i l l i n g   zone   or  t o w e r   and  c o l d ,   n o n -  

a u t o r e f r i g e r a n t   d e w a x i n g   s o l v e n t ,   s u c h  a s   k e t o n e ,   is   i n c r e -  

m e n t a l l y   i n t r o d u c e d   i n t o   s a i d   DILCHILL  zone   a l o n g   a  p l u r a l i t y  

of  s t a g e s   t h e r e i n ,   w h i l e   m a i n t a i n i n g   a  h i g h   d e g r e e   of   a g i -  

t a t i o n   so  as  to  e f f e c t   s u b s t a n t i a l l y   i n s t a n t a n e o u s   m i x i n g   o f  

t he   s o l v e n t   and  w a x / o i l   m i x t u r e   as  t h e y   p r o g r e s s   t h r o u g h   s a i d  

z o n e .   When  e m p l o y i n g   c o l d   n o n - a u t o r e f r i g e r a t i v e   s o l v e n t ,   i t  

is  a l s o   p r e f e r r e d   to   p r e c i p i t a t e   most   of   t h e   wax  f rom  t h e   o i l  

in  t h i s   f i r s t   c h i l l i n g   z o n e .  

The  s l u r r y   f rom  t h e   c o l d   n o n - a u t o r e f r i g e r a t i v e  

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

c h i l l i n g   zone   e m p l o y i n g   a u t o r e f r i g e r a t i v e   s o l v e n t   w h i c h   i s  

t he   v e r t i c a l ,   m u l t i - s t a g e d ,   c o n s t a n t   p r e s s u r e   t o w e r   w h e r e i n  

the   s l u r r y   is   f u r t h e r   c o o l e d   down  to  t h e   wax  f i l t r a t i o n   t e m -  

p e r a t u r e   and  a d d i t i o n a l   wax  is   p r e c i p i t a t e d   t h e r e f r o m ,   a s  

was  p r e v i o u s l y   d e s c r i b e d .  

Any  waxy  p e t r o l e u m   o i l   s t o c k   or  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   may  be  d e w a x e d   e m p l o y i n g   t h e   p r o c e s s   of  t h i s   i n v e n t i o n .  

I l l u s t r a t i v e ,   b u t   n o n - l i m i t i n g   e x a m p l e s   of   s u c h   s t o c k s   a r e  

(a)   d i s t i l l a t e   f r a c t i o n s   t h a t   h a v e   a  b o i l i n g   r a n g e   w i t h i n  

t he   b r o a d   r a n g e   of   5 0 0 ° F   to   a b o u t   1 3 0 0 ° F ,   w i t h   p r e f e r r e d  

s t o c k s   i n c l u d i n g   a  l u b r i c a t i n g   o i l   and  s p e c i a l t y   o i l   f r a c t i o n s  

b o i l i n g   w i t h i n   t h e   r a n g e   of   b e t w e e n   a b o u t   56C°F  and   1 2 0 C ° F ,  

(b)  h e a v y   f e e d s t o c k s   c o n t a i n i n g   a t   l e a s t   a b o u t   10  w t .%  o f  

r e s i d u a l   m a t e r i a l   b o i l i n g   a b o v e   1 0 5 0 ° F ,   e x a m p l e s   of   w h i c h  

i n c l u d e   b r i g h t   s t o c k s   and  d e a s p h a l t e d   r e s i d s   h a v i n g   a n  

i n i t i a l   b o i l i n g   p o i n t   of  a b o v e   a b o u t   8 0 0 ° F   and  (c )   b r o a d  

c u t   f e e d s t o c k s   t h a t   a r e   p r o d u c e d   by  t o p p i n g   or   d i s t i l l i n g  

t h e   l i g h t e s t   m a t e r i a l   or   f o r   c r u d e   o i l   l e a v i n g   a  b r o a d   c u t  

o i l ,   t h e   m a j o r   p o r t i o n   of   w h i c h   b o i l s   a b o v e   a b o u t   5 0 0 ° F   or  6 5 C ° F .  

A d d i t i o n a l l y ,   any   of   t h e s e   f e e d s   may  be  h y d r o c r a c k e d   p r i o r   t o  

d i s t i l l i n g ,   d e w a x i n g   or   t o p p i n g .   The  d i s t i l l a t e   f r a c t i o n  

may  come  f rom  any   s o u r c e   such   as  t h e   p a r a f f i n i c   c r u d e s   o b -  

t a i n e d   f r o m  A r a m c o ,   K u w a i t ,   t h e   P a n h a n d l e ,   N o r t h   L o u i s i a n a ,  

e t c . ,   n a p h t h e n i c   c r u d e s   s u c h   as  T ia   J u a n a ,   C o a s t a l   c r u d e s ,  



e t c . ,   as  w e l l   as  t he   r e l a t i v e l y   h e a v y   f e e d s t o c k s   s u c h   a s  

b r i g h t   s t o c k s   h a v i n g   a  b o i l i n g   r a n g e   of   1 0 5 0 + ° F   and  s y n -  
t h e t i c   f e e d s t o c k s   d e r i v e d   f r o m  A t h a b a s c a   T a r   S a n d s ,   c o a l  

l i q u i d s ,   e t c .  

When  m i x t u r e s   of   MEK  and  MIBK  a r e   u s e d   as  t h e  

n o n - a u t o r e f r i g e r a n t   d i l u t i o n   s o l v e n t   a n d / o r   c o o l a n t ,   MEK  t o  

MIBK  r a t i o s   may  v a r y   f rom  90%  MEK/1C%  MIBK  to  lC%  MEK/90% 

MIBK  and   more   p r e f e r a b l y   f r o m   70%  MEK/30%  MIBK  to  70%  M I B K / 3 0 %  

MEK.  K e t o n e   to  o i l   v o l u m e   r a t i o s   may  v a r y   f rom  0 . 5 / 1   t o  

1 0 / 1   and   more   p r e f e r a b l y   f r o m   1 . 0 / 1   to  4 / 1 .   P r e d i l u t i o n  

v o l u m e   r a t i o s   of   e i t h e r   a u t o r e f r i g e r a n t   or  n o n - a u t o r e f r i g e r a n t  
s o l v e n t   may  v a r y   f r o m   0 / 1   to   3 / 1   and  more  p r e f e r a b l y   f r o m  

0 / 1   to  2 / 1   d e p e n d i n g   on  p r e d i l u e n t   and  f e e d s t o c k .   C h i l l i n g  

r a t e s   in  t h e   f i r s t   c h i l l i n g   zone   may  v a r y   f r o m   0 . 1 ° F / m i n .  

to  2 0 ° F / m i n .   and  more   p r e f e r a b l y   f rom  0 . 5 ° F / m i n .   to   1 0 ° F / m i n .  

O u t l e t   t e m p e r a t u r e s   f r o m   t h e   f i r s t   c h i l l i n g   zone   may  v a r y  
f rom  - 2 0 ° F   to   + 9 0 ° F   and   more   p r e f e r a b l y   f r o m   2C°F  to  8 0 ° F .  

Lower   o u t l e t   t e m p e r a t u r e s   a r e   b e t t e r   f o r   d i s t i l l a t e   s t o c k s  

w h i l e   h i g h e r   o u t l e t   t e m p e r a t u r e s   a r e   b e t t e r   f o r   r e s i d u a l  

s t o c k s .   When  e m p l o y i n g   c o l d   n o n - a u t o r e f r i g e r a t i v e   s o l v e n t s ,  

i t   is   p r e f e r r e d   t h a t   mos t   of   t h e   wax  c r y s t a l l i z e   o u t   o f   t h e  

o i l   in  t h e   f i r s t   c h i l l i n g   z o n e .  

When  p r o p y l e n e   i s   u s e d   as  t h e   a u t o r e f r i g e r a n t   i n  

t h e   a u t o r e f r i g e r a n t   c h i l l i n g   z o n e ,   f r o m   a b o u t   0 . 2   to   2 . 5  

v o l u m e s   o f   p r o p y l e n e   p e r   v o l u m e   of   waxy  o i l   and   more   p r e f -  

e r a b l y   f r o m   a b o u t   1 .0   to  2 . 0   v o l u m e s   p e r   v o l u m e   a r e   u s e d ,   t o  

r e d u c e   t h e   t e m p e r a t u r e   of   t h e   s l u r r y   down  to  t h e   wax  f i l -  

t r a t i o n   t e m p e r a t u r e ,   and  to   r e d u c e   t h e   v i s c o s i t y   of   t h e  

s l u r r y   s u f f i c i e n t l y   f o r   wax  f i l t r a t i o n .   C h i l l i n g   r a t e s   i n  

t h e   a u t o r e f r i g e r a t i v e   c h i l l i n g   zone   w i l l   g e n e r a l l y   r a n g e   f r o m  

a b o u t   0 . 1   to   2 0 ° F / m i n .   and   more   p r e f e r a b l y   f r o m   a b o u t   C.5  t o  

1 0 ° F / m i n .   The  t e m p e r a t u r e   o f   t h e   c o l d   s l u r r y   e x i t i n g   t h e  

c h i l l i n g   z o n e   may  v a r y   f r o m   a b o u t   - 5 0 ° F   to   + 3 0 ° F   to   p r o d u c e  

a  d e w a x e d   o i l   h a v i n g   a  p o u r   p o i n t   r a n g i n g   b e t w e e n   a b o u t  

- 3 0 ° F   to   + 8 0 ° F .   In  a  p r e f e r r e d   e m b o d i m e n t ,   t h e   s l u r r y   w i l l  

e x i t   t h e   c h i l l i n g   zone   a t   a  t e m p e r a t u r e   of   f rom  - 3 0 ° F   t o  



+1C°F  in  o r d e r   to  p r o d u c e   a  d e w a x e d   o i l   h a v i n g   a  p o u r   p o i n t  

r a n g i n g   f r o m   b e t w e e n   a b o u t   -1C°F   to  + 3 0 ° F .  

BRIEF  D E S R I P T I O N   OF  THE  DRAWINGS 

F i g u r e   1  is   a  f l o w   d i a g r a m   of  an  e m b o d i m e n t   of  a  p r o -  

c e s s   i n c o r p o r a t i n g   t h e   i n s t a n t   i n v e n t i o n   u t i l i z i n g   n o n -  

a u t o r e f r i g e r a t i v e   d i l u t i o n .  

F i g u r e   2  is   a  s c h e m a t i c   d i a g r a m   of   a  p r e f e r r e d  

e m b o d i m e n t   of   a  m u l t i - s t a g e d ,   v e r t i c a l   t o w e r   c o m p r i s i n g  
t he   c h i l l i n g   zone   of  t h i s   i n v e n t i o n .  

F i g u r e   3  is   a  s c h e m a t i c   d i a g r a m   of   a  p r e f e r r e d  

e m b o d i m e n t   of   a  p r o c e s s   i n c o r p o r a t i n g   t h e   i n s t a n t   i n v e n t i o n  

u t i l i z i n g   c o l d   n o n - a u t o r e f r i g e r a t i v e   c h i l l i n g .  

DESCRIPTION  OF  A  PREFERRED  EMBODIMENT 

R e f e r r i n g   to   F i g u r e   1,  a  warm  p a r a f f i n i c   l u b e   o i l  

d i s t i l l a t e   a t   a  t e m p e r a t u r e   of   a b o u t   160°F   and  h a v i n g   a  

v i s c o s i t y   of  150  SUS  a t   100°F   is  m i x e d   w i t h   d e w a x i n g   a i d  

f rom  l i n e   16  and  t h e n   p r e d i l u t e d   w i t h   a  s o l v e n t   c o m p r i s i n g  

a  7 0 / 3 0   v o l u m e   m i x t u r e   o f   MEK/MIBK  in  an  a m o u n t   of   a b o u t   1 . 2  

v o l u m e s   of   k e t o n e   p r e d i l u t i o n   s o l v e n t   p e r   v o l u m e   of   w a x y  
o i l .   The  p r e d i l u t e d   waxy  o i l / d e w a x i n g   a i d   m i x t u r e   is   t h e n  

p a s s e d   f rom  l i n e   10  t h r o u g h   h e a t   e x c h a n g e r   12  w h e r e i n   i t   i s  

c o o l e d   to  a  t e m p e r a t u r e   of   a b o u t   90°F  or  j u s t   a b o v e   i t s  

c l o u d   p o i n t   and  f r o m   t h e r e   i n t o   m u l t i - s t a g e d   a u t o r e f r i g e r a n t  

c h i l l i n g   t o w e r   26.  L i q u i d   p r o p y l e n e   a t   a  t e m p e r a t u r e   of   - 3 0 ° F .  

is  fed   i n t o   t h e   v a r i o u s   s t a g e s   of   t o w e r   26  v i a   l i n e   28,  m a n i -  

f o l d   30  and  m u l t i p l e   i n j e c t i o n   p o i n t s   32.  M u l t i p l e   i n j e c -  

t i o n   p o i n t s   32  a r e   f ed   to   e a c h   of   t h e   v a r i o u s   s t a g e s   in  t o w e r  

26  w h e r e i n   t h e   l i q u i d   p r o p y l e n e   c o n t a c t s   t h e   s l u r r y   in  e a c h  

s t a g e   v i a   a  s p a r g e r   l o c a t e d   u n d e r   t h e   s u r f a c e   of   t he   s l u r r y  

in  e a c h   s t a g e .   A b o u t   1 .5   v o l u m e s   of   l i q u i d   p r o p y l e n e   a r e  

u s e d   in  t o w e r   26  p e r   v o l u m e   of   s l u r r y   e n t e r i n g   t h e r e i n   v i a  

l i n e   24.  Tower   26  o p e r a t e s   a t   a  p r e s s u r e   of   a b o u t   2  p s i g .  

A b o u t   1 .2   v o l u m e s   of   t h e   l i q u i d   a u t o r e f r i g e r a n t   p e r   v o l u m e  

of  f r e s h   f e e d   e v a p o r a t e s   u p o n   c o n t a c t   w i t h   t h e   s l u r r y ,   w i t h  

t h e   a u t o r e f r i g e r a n t   v a p o r s   b e i n g   r e m o v e d   f r o m   e a c h   s t a g e   v i a  

m u l t i p l e   t o w e r   e x i t   p o r t s   34,  m a n i f o l d   30  and   l i n e   38  a t  



an  a v e r a g e   t e m p e r a t u r e   of   a b o u t   2 4 ° F .   T h u s ,   n o n e   of   t h e  

v a p o r   p r o d u c e d   in   any   s t a g e   p a s s e s   t h r o u g h   t h e   s l u r r y   o n  

any  o t h e r   s t a g e   in   t h e   t o w e r .   The  r e m a i n i n g   C.9  v o l u m e   o f  

p r o p y l e n e   p e r   v o l u m e   of   f e e d   go  i n t o   s o l u t i o n   w i t h   t h e   MEK/ 

MIBK  and  d e w a x e d   o i l   in   t h e   wax  s l u r r y .   T o w e r   26  c o n t a i n s  

a p p r o x i m a t e l y   14  s t a g e s   in  w h i c h   t he   a v e r a g e   s l u r r y   c h i l l i n g  

r a t e   is   a b o u t   3°F  p e r   m i n u t e   w i t h   an  a v e r a g e   t e m p e r a t u r e   d r o p  

a c r o s s   e a c h   s t a g e   of   a b o u t   8 . 6 ° F .   The  waxy  s l u r r y   i s   f u r t h e r  

c o o l e d   in  t o w e r   26  to  a  t e m p e r a t u r e   of  a b o u t   - 3 0 ° F .   T h e  

s l u r r y   c o m p r i s i n g   s o l i d   wax  p a r t i c l e s ,   o i l ,   k e t o n e   a n d  

l i q u i d   p r o p y l e n e   i s   t h e n   f e d   to   r o t a r y   p r e s s u r e   f i l t e r   4 2  

v i a   l i n e   40  w h e r e i n   t h e   wax  is   f i l t e r e d   f r o m   t h e   d e w a x e d   o i l  

s o l u t i o n .   The  d e w a x e d   o i l   s o l u t i o n   l e a v e s   f i l t e r   24  v i a  

l i n e   44  and   f r o m   t h e r e   i s   s e n t   to   s o l v e n t   r e c o v e r y   w h i l e  

t h e   wax  is   r e m o v e d   v i a   l i n e   46  and  s e n t   to   s o l v e n t   r e c o v e r y  
and  f u r t h e r   wax  p r o c e s s i n g   i f   d e s i r e d .   The  d e w a x e d   o i l  

s o l u t i o n   y i e l d s   a  d e w a x e d   o i l   h a v i n g   a  p o u r   p o i n t   of   a b o u t  

- 1 0 ° F .  

F i g u r e   2  i l l u s t r a t e s   a  p r e f e r r e d   e m b o d i m e n t   o f  

a u t o r e f r i g e r a n t   c h i l l i n g   t o w e r   26.  The  d i a m e t e r   of   t h e  

t o w e r   i s   s i z e d   so  as   to  p r o v i d e   a  s u p e r f i c i a l   v a p o r   v e l o c i t y  

low  e n o u g h   to   a v o i d   e n t r a i n m e n t   of   t h e   o i l   in  t h e   v a p o r .   T h e  

t o w e r   c o m p r i s e s   a b o u t   14  d i s c r e t e   s t a g e s ,   50a  t h r o u g h   5 0 n .  

Each   s t a g e   c o n t a i n s   an  a u t o r e f r i g e r a n t   v a p o r   c o l l e c t o r ,   v a p o r  

s p a c e ,   s l u r r y   t r a y ,   s l u r r y   d o w n c o m e r ,   w e i r   and   l i q u i d   a u t o r e -  

f r i g e r a n t   s p a r g e r .   T h i s   i s   i l l u s t r a t e d   f o r   s t a g e   50a  w h e r e i n  

52  i s   t h e   v a p o r   c o l l e c t o r ,   54  r e p r e s e n t s   t h e   v a p o r   s p a c e ,   5 6  

is   t h e   s l u r r y   t r a y ,   58  i s   t h e   s l u r r y ,   60  i s   t h e   d o w n c o m e r ,   6 2  

is   t h e   w e i r   and   64  i s   t h e   s p a r g e r .   The  s p a r g e r   64  a n d  

a u t o r e f r i g e r a n t   v a p o r   c o l l e c t o r   52  a r e   d e t a i l e d   in  F i g u r e s  

2-b   and   2 - c ,   r e s p e c t i v e l y .   S p a r g e r   64  c o m p r i s e s   p i p i n g  

c o n t a i n i n g   a  p l u r a l i t y   of   s m a l l   h o l e s   66.  V a p o r   c o l l e c t o r   3 0  

is  shown  as   a  p i p e   c o n t a i n i n g   a  p l u r a l i t y   of   r e c t a n g u l a r  

h o l e s   68.  In  o p e r a t i o n ,   s l u r r y   f r o m   t o w e r   16  i s   f e d   to   t o w e r  

26  v i a   l i n e   24,  e n t e r i n g   t o w e r   26  t h r o u g h   f e e d   i n l e t   6 8  

p a s s i n g   t h r o u g h   d o w n c o m e r   60  w h e r e i n   i t   is   d i r e c t e d   d o w n w a r d  



and  u n d e r   t he   s u r f a c e   of   t he   s l u r r y   58  h e l d   up  on  s t a g e   5 0 a .  

L i q u i d   p r o p y l e n e   is  i n t r o d u c e d   i n t o   s t a g e   50  f rom  i n j e c t i o n  

p o i n t   32  t h r o u g h   s p a r g e r   64  and  h o l e s   66.  The  h o l e s   a r e  

s i z e d   so  as  to   p r o v i d e   a  l e v e l   of  a g i t a t i o n   s u c h   t h a t   t h e r e  

is  s u b s t a n t i a l l y   i n s t a n t a n e o u s   m i x i n g   ( i . e . ,   1  s e c o n d   o r  

l e s s ) .   The  h o l e s   a r e   d i r e c t e d   d o w n w a r d ,   o p p o s i n g   s l u r r y  

f low  t h r o u g h   t h e   s t a g e .   Some  of   t he   p r o p y l e n e   v a p o r i z e s   a s  

i t   e n t e r s   t h e   w a r m e r   s l u r r y   and  t he   v a p o r s   b u b b l e   u p  

t h r o u g h   t h e   s l u r r y ,   w i t h   t h e   r e m a i n d e r   of   t h e   p r o p y l e n e  

g o i n g   i n t o   s o l u t i o n .   P r o p y l e n e   v a p o r s   a r e   r e m o v e d   t h r o u g h  

v a p o r   c o l l e c t o r   52  and  t h e   c o o l e d   s l u r r y   f l o w s   o v e r   w e i r  

62  w h e r e i n   i t   e n t e r s   d o w n c o m e r   60  and  is   d i r e c t e d   u n d e r   t h e  

s u r f a c e   of   t h e   s l u r r y   on  t h e   n e x t   s t a g e   50b.   T h i s   p r o c e s s  
is  r e p e a t e d   f r o m   s t a g e   to  s t a g e   as  t h e   s l u r r y   p a s s e s   d o w n  

the   t o w e r   u n t i l   i t   e x i t s   f r om  s l u r r y   o u t l e t   70  a t   w a x  

f i l t r a t i o n   t e m p e r a t u r e   and  f ed   to  wax  f i l t e r   4 2 .  

R e f e r r i n g   to  F i g u r e   3,  a  warm  p a r a f f i n i c   l u b e   o i l  

d i s t i l l a t e   a t   a  t e m p e r a t u r e   of   a b o u t   160°F   and  h a v i n g   a  

v i s c o s i t y   of   150  SUS  a t   100°F   is  p a s s e d   f r o m   l i n e   10  

t h r o u g h   h e a t   e x c h a n g e r   12  w h e r e i n   i t   is  c o o l e d   to  a  t e m p -  

e r a t u r e   of   a b o u t   84°F  or  j u s t   a b o v e   i t s   c l o u d   p o i n t   a n d  

f rom  t h e r e   i n t o   m u l t i - s t a g e d   DILCHILL  t o w e r   16  v i a   l i n e   1 4 .  

In  t o w e r   16  i t   is  c o o l e d   by  c o n t a c t   w i t h   a  c o l d   ( - 3 0 ° F )  

k e t o n e   s o l v e n t   c o m p r i s i n g   a  m i x t u r e   of   70%  MEK/30%  MIBK 

( v o l u m e   b a s i s )   w h i c h   is   i n j e c t e d   i n t o   t h e   v a r i o u s   s t a g e s   o f  

t o w e r   16  v i a   l i n e   18,  m a n i f o l d   20  and  m u l t i p l e   i n j e c t i o n  

p o i n t s   22.  A b o u t   1 .2   v o l u m e s   of   t he   c o l d   k e t o n e   d e w a x i n g  

s o l v e n t  e n t e r s   t h e   t o w e r   p e r   v o l u m e   of   f e e d .   Each   s t a g e  

( n o t   s h o w n )   in  t o w e r   16  c o n t a i n s   a  r o t a t i n g   i m p e l l e r   s o  

t h a t   t h e   c o l d   k e t o n e   d e w a x i n g   s o l v e n t   e n t e r i n g   t h e r e i n   i s  

s u b s t a n t i a l l y   i n s t a n t a n e o u s l y   m i x e d   in  t h e   waxy  o i l .   I n  

t o w e r   16  m o s t   of   t he   wax  is   p r e c i p i t a t e d   f r o m   t h e   waxy  o i l  

p r o d u c i n g   a  s l u r r y   w h i c h   l e a v e s   t h e   b o t t o m   of   t o w e r   16  v i a  

l i n e   24  a t   a  t e m p e r a t u r e   of   a b o u t   3 0 ° F .   The  c o l d ,   k e t o n e -  

c o n t a i n i n g   s l u r r y   in  l i n e   24  i s   p a s s e d   d i r e c t l y   i n c o   m u l t i -  

s t a g e d   c h i l l i n g   t o w e r   26.  L i q u i d   p r o p y l e n e   a t   a  t e m p e r a t u r e  



of  - 3 0 ° F   is   f ed   i n t o   t h e   v a r i o u s   s t a g e s   of   t o w e r   26  v i a  

l i n e   28,  m a n i f o l d   30  and  m u l t i p l e   i n j e c t i o n   p o i n t s   3 2 .  

M u l t i p l e   i n j e c t i o n   p o i n t s   32  a r e   fed   to  e a c h   o f   t h e   v a r i o u s  

s t a g e s   in   t o w e r   26  w h e r e i n   ehe  l i q u i d   p r o p y l e n e   c o n t a c t s  

t h e   s l u r r y   in   e a c h   s t a g e   v i a   a  s p a r g e r   l o c a t e d   u n d e r   t h e  

s u r f a c e   of   t h e   s l u r r y   in  e a c h   s t a g e .   A b o u t   1 .5   v o l u m e s   o f  

l i q u i d   p r o p y l e n e   a r e   u s e d   in   t o w e r   26  p e r   v o l u m e   of   s l u r r y  

e n t e r i n g   t h e r e i n   v i a   l i n e   24.  Tower   26  o p e r a t e s   a t   a  p r e s s u r e  
of  a b o u t   2  p s i g .   A b o u t   0 . 6   v o l u m e   of   t h e   l i q u i d   a u t o r e -  

f r i g e r a n t   p e r   v o l u m e   of   f r e s h   f e e d   e v a p o r a t e s   upon   c o n t a c t  

w i t h   t h e   s l u r r y ,   w i t h   t h e   a u t o r e f r i g e r a n t   v a p o r s   b e i n g  

r e m o v e d   f r o m   e a c h   s t a g e   v i a   m u l t i p l e   t o w e r   e x i t   p o r t s   3 4 ,  

m a n i f o l d   30  and   l i n e   38  a t   an  a v e r a g e   t e m p e r a t u r e   of   a b o u t  

- 1 2 ° F .   T h u s ,   n o n e   o f   t h e   v a p o r   p r o d u c e d   in   any   s t a g e   p a s s e s  

t h r o u g h   t h e   s l u r r y   on  any  o t h e r   s t a g e   in   t h e   t o w e r .   T h e  

r e m a i n i n g   0 . 9   v o l u m e   of   p r o p y l e n e   p e r   v o l u m e   of   f e e d   g o  
i n t o   s o l u t i o n   w i t h   t h e   MEK/MIBK  and   d e w a x e d   o i l   in   t h e   w a x  

s l u r r y .   T o w e r   26  c o n t a i n s   a p p r o x i m a t e l y   s e v e n   s t a g e s   i n  

w h i c h   t h e   a v e r a g e   s l u r r y   c h i l l i n g   r a t e   i s   a b o u t   3°F .   p e r  
m i n u t e   w i t h   an  a v e r a g e   t e m p e r a t u r e   d r o p   a c r o s s   e a c h   s t a g e  

of   a b o u t   8 . 6 ° F .   The  waxy  s l u r r y   i s   f u r t h e r   c o o l e d   in   t o w e r  

26  to  a  t e m p e r a t u r e   of   a b o u t   - 3 0 ° F .   The  s l u r r y   c o m p r i s i n g  

s o l i d   wax  p a r t i c l e s ,   o i l ,   k e t o n e   and  l i q u i d   p r o p y l e n e   i s  

t h e n   f e d   to   r o t a r y   p r e s s u r e   f i l t e r   42  v i a   l i n e   40  w h e r e i n  

t h e   wax  i s   f i l t e r e d   f r o m   t h e   d e w a x e d   o i l   s o l u t i o n .   The  d e -  

waxed   o i l   s o l u t i o n   l e a v e s   f i l t e r   24  v i a   l i n e   44  and  f r o m  

t h e r e   i s   s e n t   t o   s o l v e n t   r e c o v e r y   w h i l e   t h e   wax  i s   r e m o v e d  

v i a   l i n e   46  and   s e n t   to  s o l v e n t   r e c o v e r y   a n d  f u r t h e r   w a x  

p r o c e s s i n g   i f   d e s i r e d .   The  d e w a x e d   o i l   s o l u t i o n   y i e l d s   a  

d e w a x e d   o i l   h a v i n g . a   p o u r   p o i n t   of   a b o u t   - 1 0 ° F .  

The  i n v e n t i o n   w i l l   be  more   r e a d i l y   u n d e r s t o o d   b y  

r e f e r e n c e   to   t h e   f o l l o w i n g   e x a m p l e :  

EXAMPLE  I  

T h i s   e x a m p l e   p r o v i d e s   l a b o r a t o r y   d a t a   d e m o n s t r a t i n g  

t h e   p r o c e s s   of   t h i s   i n v e n t i o n   u t i l i z i n g   n o n - a u t o r e f r i g e r a t i v e  

s o l v e n t s   as   d i l u t i o n   s o l v e n t s .   The  f e e d s t o c k   u s e d   was  a  



p a r a f f i n i c ,   waxy  d i s t i l l a t e   h a v i n g   a  v i s c o s i t y   of  600  SUS 

a t   100°F   (60CN) .   A  p i l o t   p l a n t   a u t o r e f r i g e r a n t   c h i l l i n g  

u n i t   was  e m p l o y e d   w h i c h   c o m p r i s e d   a  v e s s e l   o p e r a t i n g   a t   a  

c o n s t a n t   p r e s s u r e   of   a b o u t   5  p s i g .   L i q u i d   p r o p y l e n e ,   a t  

a  t e m p e r a t u r e   of  a b o u t   -3C°F  was  c o n t i n u o u s l y   i n j e c t e d   i n t o  

t he   u n i t   b e l o w   t h e   s u r f a c e   of   t he   s l u r r y   c o n t a i n e d   t h e r e i n .  

P a r t   of   t h e   l i q u i d   p r o p y l e n e   v a p o r i z e d   w i t h   t h e   v a p o r s   b e i n g  

c o n t i n u o u s l y   w i t h d r a w n   f rom  t h e   c o n s t a n t   p r e s s u r e   v a p o r  

s p a c e   a b o v e   t h e   s l u r r y .   A  s l u r r y   c h i l l i n g   r a t e   of   a b o u t  

5 ° F / m i n .  w a s   m a i n t a i n e d   by  c o n t r o l l i n g   t h e   r a t e   of   i n j e c t i o n  

of  t he   l i q u i d   p r o p y l e n e   i n t o   t he   s l u r r y .   B e f o r e   t h e   f e e d -  

s t o c k   was  p l a c e d   i n t o   t h e   a u t o r e f r i g e r a n t   c h i l l i n g   u n i t ,   i t  

was  m i x e d   w i t h   a  P a r a f l o w / A c r y l o i d   d e w a x i n g   a i d   and  p r e -  
d i l u c e d   w i t h   MEK  a t   a  t e m p e r a t u r e   a b o v e   its  c l o u d   p o i n t   i n  

an  a m o u n t   of   one  v o l u m e   of  MEK  p e r   v o l u m e   of   f e e d .   T h e  

p r e d i l u t e d   f e e d   was  t h e n   p r e c h i l l e d   to  a  t e m p e r a t u r e   of  1 2 C ° F ,  

w h i c h   was  a p p r o x i m a t e l y   t h e   c l o u d   p o i n t   of  t h e   p r e d i l u t e d  

f e e d ,   b e f o r e   b e i n g   a d d e d   to  t h e   u n i t .   As  h e r e i n b e f o r e   s t a t e d ,  

t h e   p r e d i l u t e d   f e e d   was  c h i l l e d  i n   t h e   a u t o r e f r i g e r a t i o n  

u n i t   a t   a  r a t e   o f   5 ° F / m i n .   The  waxy  s l u r r y  f o r m e d   in  t h e  

u n i t   was  c h i l l e d   down  to  a  t e m p e r a t u r e   of   - 3 0 ° F   and  t h e n  

f i l t e r e d   a t   - 3 0 ° F .   The  a m o u n t   of   p r o p a n e   t h a t   d i s s o l v e d  

in  t h e   o i l   in   t h e   u n i t   was  1 .5   v o l u m e   p e r   v o l u m e   of   f e e d  

o i l .  

The  r e s u l t s   of   t h i s   e x p e r i m e n t   a r e   c o n t a i n e d   i n  

T a b l e   A  b e l o w .   T h e s e   r e s u l t s   i l l u s t r a t e   t he   o p e r a b i l i t y   o f  

t he   p r e s e n t   i n v e n t i o n .  



EXAMPLE 

T h i s   e x a m p l e   p r o v i d e s   l a b o r a t o r y   d a t a   c o m p a r i n g   t h e  

c o m b i n a t i o n   p r o c e s s   of  t h i s   i n v e n t i o n   e m p l o y i n g   c o l d   n o n -  

a u t o r e f r i g e r a t i v e   s o l v e n t s   and  a u t o r e g r i g e r a t i v e   s o l v e n t   c h i l -  

l i n g   w i t h   c o n v e n t i o n a l   DILCHILL  k e t o n e   d e w a x i n g   f o l l o w e d   b y  

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

were   u s e d ,   a  b r i g h t   s t o c k ,   and  two  d i s t i l l a t e s   h a v i n g   v i s c o s -  

i t i e s   of   150  (150N)   and  600  SUS  (60CN)  a t   10C°F .   A  p i l o t   p l a n t  

DILCHILL  u n i t   was  u s e d   f o r   t h e   DILCHILL  d e w a x i n g   w i t h   k e t o n e  

s o l v e n t   to  p r o d u c e   a  k e t o n e - c o n t a i n i n g   s l u r r y   c o m p r i s i n g   s o l i d -  

p a r t i c l e s   of   wax  and  a  m i x t u r e   of   p a r t i a l l y   d e w a x e d   o i l   a n d  

k e t o n e   d e w a x i n g   s o l v e n t .   The  t e m p e r a t u r e   of   t h e   c o l d   k e t o n e  

s o l v e n t   f ed   i n t o   t h e   DILCHILL  u n i t   was  a b o u t   - 3 0 ° F .   The  b r i g h t  

s t o c k   was  p r e d i l u t e d   w i t h   1  v o l u m e   of   warm  k e t o n e   s o l v e n t  

p e r   v o l u m e   of   f e e d   b e f o r e   b e i n g   f ed   i n t o   t h e   DILCHILL  u n i t .  

The  waxy  s l u r r y   p r o d u c e d   in   t h e   DILCHILL  u n i t   was  t h e n   f e d   t o  
e i t h e r   s c r a p e d   s u r f a c e   c h i l l e r s   or   to  a  s i m u l a t e d   c o n t i n u o u s ,  

a u t o r e f r i g e r a n t   c h i l l i n g   u n i t   f o r   f u r t h e r   c h i l l i n g   down  t o  

wax  f i l t r a t i o n   t e m p e r a t u r e .   The  c o l d   s l u r r y   was  t h e n   f i l t e r e d  

to  s e p a r a t e   t h e   wax  f r o m   t h e   d e w a x e d   o i l / s o l v e n t   m i x t u r e   a n d  

b o t h   t h e   d e w a x e d   o i l   and   wax  w e r e   r e c o v e r e d .  

The  a u t o r e f r i g e r a n t   c h i l l i n g   u n i t   c o m p r i s e d   a  v e s -  
s e l   o p e r a t i n g   a t   a  c o n s t a n t   p r e s s u r e   o f   a b o u t   2  p s i g   w h e r e i n  

l i q u i d   p r o p y l e n e   was  c o n t i n u o u s l y   i n j e c t e d   i n t o   t h e   u n i t ,  

b e l o w   t h e   s u r f a c e   o f   t he   s l u r r y   c o n t a i n e d   t h e r e i n .   P a r t   o f  

t h e   l i q u i d   p r o p y l e n e   v a p o r i z e d   w i t h   t h e   v a p o r s   b e i n g   c o n t i n u -  

o u s l y   w i t h d r a w n   f r o m   the   c o n s t a n t   p r e s s u r e   v a p o r   s p a c e   a b o v e  



t he   s l u r r y .   A  s l u r r y   c h i l l i n g   r a t e   of  a b o u t   2 ° F / m i n .   w a s  

m a i n t a i n e d   by  c o n t r o l l i n g   t h e   r a t e   of   i n j e c t i o n   of   t h e  

l i q u i d   p r o p y l e n e   i n t o   the   s l u r r y .  

The  r e s u l t s   of  t h e s e   e x p e r i m e n t s ,   c o r r e l a t e d   t o  

common  d e w a x e d   o i l   p o u r   p o i n t s ,   a r e   c o n t a i n e d   in  T a b l e   B, 

b e l o w .   T h e s e   r e s u l t s   i l l u s t r a t e   n o t   o n l y   t h e   o p e r a b i l i t y   o f  

t he   p r e s e n t   i n v e n t i o n ,   bu t   a l s o   t h a t   s u p e r i o r   r e s u l t s   c a n  

be  a c h i e v e d   by  i t s   u s e .   T h u s ,   u s i n g   the   p r e s e n t   i n v e n t i o n  

gave   f a s t e r   f e e d   f i l t e r   r a t e s ,   d r i e r   wax  c a k e s   and   w a x  
c a k e s   c o n t a i n i n g   l e s s   o i l   t h a n   t h e   DILCHILL  d e w a x i n g   p r o c e s s  
f o l l o w e d   by  s c r a p e d   s u r f a c e   c h i l l i n g .   F u r t h e r ,   t h e s e   r e s u l t s  

were   o b t a i n e d   w i t h o u t   t h e   u se   of   d e w a x i n g   a i d .  





Convers ion  of  U n i t s  

Tempera tu res   expressed   in  °F   are  conver t ed   to  °C  by  s u b t r a c t i n g   32 

and  then  d i v i d i n g   by  1 . 8 .  

R e l a t i v e   t e m p e r a t u r e s   in  °F   are  conver ted   to  r e l a t i v e   t e m p e r a t u r e s  

in  C   by  d i v i d i n g   by  1 . 8 .  

P r e s s u r e s   in  pounds  per  square  inch  (gauge)  (psig)   are  conver ted   t o  

kg/cm2  e q u i v a l e n t   by  m u l t i p l y i n g   by  0 . 0 7 0 3 1 .  

Liquid   volumes  in  ga l l ons   are  conver t ed   to  l i t r e s   by  m u l t i p l y i n g   by 

3 . 7 8 5 .  

Areas  in  square  fee t   are  conver ted   to  square  metres   by  m u l t i p l y i n g  

by  0 . 0 9 2 9 0 .  



1.  A  s o l v e n t   dewaxing  p rocess   in  which  a  waxy  o i l   (10)  is  mixed  with  a  

dewaxing  s o l v e n t   (18)  to  reduce  the  s o l u b i l i t y   of  wax  in  the  oi l   and 

then  c h i l l e d   to  cause  wax  to  p r e c i p i t a t e   out  and  form  a  s l u r r y   of  s o l i d  

wax  p a r t i c l e s ,   c h a r a c t e r i s e d   in  tha t   a  m ix tu re   (24)  compr i s ing   waxy  o i l  

and  dewaxing  s o l v e n t   is  passed  c o n t i n u o u s l y   into  the  top  of  a  c o n t i n u o u s ,  

a u t o r e f r i g e r a t i v e   c h i l l i n g   zone  which  comprises   a  s u b s t a n t i a l l y   v e r t i c a l ,  

e l onga t ed   m u l t i - s t a g e d   tower  (26)  o p e r a t i n g   at  a  s u b s t a n t i a l l y   c o n s t a n t  

p r e s s u r e   where in   each  s tage  (50,  F i g . 2 )   c o n t a i n s   a  l i q u i d   space  (58) 

and  a  vapour  space  (54)  above  the  l i q u i d   space,   each  of  said  v a p o u r  

spaces  (54)  being  p rovided   with  means  (52)  for  the  ex i t   or  removal  o f  

a u t o r e f r i g e r a n t   vapour  t he r e f rom  and  where in   said  mix tu re   is  cooled  down 

to  wax  f i l t r a t i o n   t empera tu re   and  wax  is  p r e c i p i t a t e d   to  form  a  s l u r r y  

c o n t a i n i n g   s o l i d   wax  p a r t i c l e s   as  the  mix tu re   passes   from  s tage  to  s t a g e  

by  c o n t a c t i n g   the  mixture   in  t h e  a u t o r e f r i g e r a t i v e   c h i l l i n g   zone  with  a  

l i q u i d   a u t o r e f r i g e r a n t   which  is  i n t r o d u c e d   (via  64,  F ig .2 )   under  f l o w  

r a t e   c o n t r o l   c o n d i t i o n s   into  a  p l u r a l i t y   of  the  s t ages   (50a  . . .   50n) 

in  said  a u t o r e f r i g e r a t i v e   zone  (26)  under  c o n d i t i o n s   p e r m i t t i n g   o r  

causing  e v a p o r a t i o n   t h e r e i n   so  as  to  ach ieve   an  average   coo l ing   r a t e   o f  

the  mix ture   in  said  zone  in  the  range  of  from  0.1  to  200F  (0.06  t o  

11.120C)  per  minute  with  an  average  t e m p e r a t u r e   drop  ac ross   each  s t a g e  

(50)  in  the  range  of  from  2  to  20°F  (1.11  to  11 .12°C) ,   and  w h e r e i n  

evapo ra t ed   a u t o r e f r i g e r a n t   vapour  is  d i s c h a r g e d   or  removed  (via  52) 

from  each  s t age   into  which  l i q u i d   a u t o r e f r i g e r a n t   is  i n t r o d u c e d   in  such  

a  manner  t h a t   a u t o r e f r i g e r a n t   vapour  in  any  given  s tage   does  not  p a s s  

through  a l l   the  s t ages   in  the  tower  above  the  said  given  s t age ,   and 

wherein   the  r e s u l t i n g   s l u r r y   (40,  F i g . l )   is  s e p a r a t e d   (42)  into  a  

dewaxed  o i l   s o l u t i o n   (44)  and  wax  ( 4 6 ) .  



2.  A  p roces s   as  in  claim  1  c h a r a c t e r i z e d   in  tha t   the  said  m i x t u r e  

(24)  passed  to  the  con t inuous   a u t o r e f r i g e r a t i v e   c h i l l i n g   zone  (26)  

comprises   a  n o n - a u t o r e f r i g e r a n t   dewaxing  so lven t   (18)  and  is  formed 

e i t h e r   by:  (a)  p r e d i l u t i n g   the  waxy  o i l   (10)  with  a  n o n - a u t o r e f r i g e r a n t  

dewaxing  s o l v e n t   (18,  F i g . l )   to  form  said  (24)  mix ture   at  a  t e m p e r a t u r e  

above  i t s   cloud  p o i n t ,   or:  (b)  coo l ing   the  waxy  oi l   (10)  in  a  c o o l i n g  

zone  (16,  F ig .3 )   where in   a  p o r t i o n   of  the  wax  is  p r e c i p i t a t e d   from  t h e  

oi l   by  coo l ing   in  the  p re sence   of  a  n o n - a u t o r e f r i g e r a n t   dewaxing  s o l v e n t  

(18,  20,  22,  F ig .3 )   to  form  a  s l u r r y   (24,  F ig .3 )   compr i s ing   a  mixture   o f  

o i l ,   s o l v e n t   and  so l id   p a r t i c l e s   of  wax. 

3.  A  p roces s   as  in  claim  2  c h a r a c t e r i s e d   in  tha t   in  step  (b),  most  o f  

the  wax  is  p r e c i p i t a t e d   from  the  waxy  o i l   in  the  coo l ing   zone  ( 1 6 ,  

F i g . 3 ) .  

4.  A  p roces s   as  in  claim  2  c h a r a c t e r i s e d   in  tha t   the  p r e d i l u t e d   waxy 

oi l   mix ture   (24,  F i g . l )   produced  in  step  (a)  is  at  a  t e m p e r a t u r e   which  

is  at  or  near  to  i t s   cloud  po in t   on  e n t e r i n g   the  a u t o r e f r i g e r a t i v e  

c h i l l i n g   zone  ( 2 6 ) .  

5.  A  p roces s   as  in  claim  2  or  claim  3  c h a r a c t e r i s e d   in  tha t   t h e  

mix ture   (24,  F ig .3 )   produced  by  step  (b)  is  at  a  t e m p e r a t u r e   which  is  a t  

or  above  i t s   cloud  po in t   when  i t   e n t e r s   the  a u t o r e f r i g e r a t i v e   c h i l l i n g  

zone  ( 2 6 ) .  

6.  A  p roce s s   as  in  any one  of  claims  2,  3  or  5  c h a r a c t e r i s e d   in  t h a t  

in  step  (b),  no  more  than  30  LV7  of  a u t o r e f r i g e r a n t   (28,  F i g . 3 ) ,   b a s e d  

on  the  waxy  o i l   feed  (10),   is  p r e s e n t   in  the  said  coo l ing   zone  ( 2 6 ) .  

7.  A  p roces s   as  in  claim  2  or  claim  4  c h a r a c t e r i s e d   in  tha t   in  s t e p  

(a) ,   no  a u t o r e f r i g e r a n t   is  p r e s e n t   in  or  with  the  p r e d i l u t i o n   s o l v e n t  

(18,  F i g . l ) .  



8.  A  p roces s   as  in  any one  of  claims  2  to  7  c h a r a c t e r i s e d   in  tha t   t h e  

n o n - a u t o r e f r i g e r a n t   dewaxing  s o l v e n t   (18)  comprises   one  or  more  s o l v e n t s  

s e l e c t e d   from  (i)  one  or  more  of  the  C3  to  C6  a l i p h a t i c   ke tones ;   ( i i )  

one  or  more  of  the  h a l o g e n a t e d   low  mo lecu l a r   weight  hyd roca rbons ;   ( i i i )  

one  or  more  of  the  C5  to  C10  normal-   or  i s o - p a r a f f i n s ;   (iv)  a r o m a t i c s  

s e l e c t e d   from  benzene,   t o luene ,   xy lene ,   pe t ro l eum  naphtha   and  m i x t u r e s  

t h e r e o f ;   and  (v)  m ix tu re s   of  any  of  the  f o r e g o i n g   s o l v e n t s   (i)  to  ( i v ) .  

9.  A  p roces s   as  in  any one  of  c laims  1  to  8  c h a r a c t e r i s e d   in  tha t   t h e  

l i q u i d   a u t o r e f r i g e r a n t   (28)  is  s e l e c t e d   from  the  normal ly   gaseous  C 2  t o  

C4  h y d r o c a r b o n s ,   ammonia  and  normal ly   gaseous  f l u o r o c a r b o n s .  

10.  An  a p p a r a t u s   for  use  in  a  con t inuous   a u t o r e f r i g e r a t i v e   dewaxing  

p rocess   which  may  p r e f e r a b l y   be  per formed  at  a  r e l a t i v e l y   low  p r e s s u r e ,  

c h a r a c t e r i s e d   in  tha t   i t   comprises   a  s u b s t a n t i a l l y   v e r t i c a l  t o w e r   (26 ,  

F ig .2)   c o n t a i n i n g   t h e r e i n   a  p l u r a l i t y   of  v e r t i c a l l y   s e p a r a t e d   s t a g e s  

(56a  . . .   50n),   means  (68)  for  i n t r o d u c i n g   waxy  o i l   in to  the  top  of  t h e  

appa ra tu s   and  means  (70)  for  removing  a  w a x - c o n t a i n i n g   s l u r r y   from  t h e  

bottom  of  the  a p p a r a t u s ,   each  o f  s a i d   s t ages   (50)  compr i s ing   a  l i q u i d  

space  (58),   a  vapour  space  (54)  above  sa id   l i q u i d   space,   o i l   or  s l u r r y  

t ray   means  (56)  for  r e t a i n i n g   sa id   l i q u i d   o i l   or  s l u r r y ,   weir  means  (62)  

for  m a i n t a i n i n g   a  p r e d e t e r m i n e d   amount  of  l i q u i d   or  s l u r r y   (58)  on  s a i d  

t ray   means  (56),   downcomer  means  (60)  for  p r o v i d i n g   a  flow  path  for  s a i d  

l i q u i d   or  s l u r r y   from  a  l o c a t i o n   above  said  s tage   (50)  to  said  l i q u i d  

space  (58)  of  said  s tage   (50),  means  (64)  for  i n t r o d u c i n g   cold  l i q u i d  

a u t o r e f r i g e r a n t   in to   said  s tage  (50)  in  a  manner  such  t ha t   said  l i q u i d  

a u t o r e f r i g e r a n t   d i r e c t l y   c o n t a c t s   said  o i l   or  s l u r r y   (58)  in  said  s t a g e  

(50)  t he reby   v a p o r i s i n g   at  l e a s t   a  p o r t i o n   of  said  a u t o r e f r i g e r a n t ,   and 

means  (52)  for  d i s c h a r g i n g   or  removing  sa id   v a p o r i s e d   a u t o r e f r i g e r a n t  

from  said  s tage   (50)  in  a  manner  such  t ha t   said  vapors   do  not  c o n t a c t  

l i q u i d   or  s l u r r y   in  a l l   of  the  o the r   s t ages   of  said  a p p a r a t u s   at  l e a s t  

above  said  s t a g e .  
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