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Method  of  separating  aromatic  and  nonaromatlc  hydrocarbons  in  mixed  hydrocarbon  feeds. 
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A  process  for  separating  aromatic  and  nonaromatic  hy- 
drocarbons  which  comprises  a  continuous  solvent  extraction 
-  solvent  decantation  process.  The  process  is  particularly  well- 
suited  for  a  hydrocarbon  feed  comprising  hydrocarbon  mineral 
oils  as  a  nonaromatic  component  wherein  the  process  pro- 
vides  improved  stability  of  said  hydrocarbon  mineral  oils,  nor- 
mally  suceptible  to  thermal  degradation  and  oxidation  and,  fur- 
ther,  decreases  the  tendancy  of  such  oils  to  form  sludge.  The 
process  involves:  (a)  contacting  (24)  such  hydrocarbon  feed 
(10)  with  an  aromatic  selective  solvent  (57)  to  provide  an  aro- 
matic-rich  solvent  phase  (28)  and  a  raffinate  phase  (26),  (b) 
cooling  (30,  32)  the  aromatic-rich  solvent  phase  (28)  to  bring 
about  the  formation  of  two  phases;  (c)  introducing  the  phase 
of  the  cooled  aromatic-rich  solvent  phase  (28)  to  a  decantation 
zone  (34)  with  an  anti-solvent  (44)  for  aromatic  hydrocarbon  in 
said  aromatic  selective  solvent  to  provide  an  aromatic-rich  ex- 
tract  phase  (36)  and  a  solvent  phase  (48)  (d)  removing  anti-sol- 
vent  (54)  from  said  solvent  phase  (48)  and  recycling  said  sol- 
vent  phase  (57)  to  the  extraction  zone  (24);  and  (e)  recovering 
the  aromatic-rich  extract  (40)  of  step  (c)  and  the  raffinate  (66) 
of  step  (a). 



This  i n v e n t i o n   r e l a t e s   to  a  p rocess   for  t h e  

s e p a r a t i o n   of  a romat ic   and  nonaromat ic   hydroca rbons   f rom 

a  mixed  hydrocarbon  feed,   and  more  p a r t i c u l a r l y ,   to  t h e  

s e p a r a t i o n   of  a romat ic   and  nonaromat.ic  hydroca rbons   i n  

high  y e i l d s   from  a  mixed  a roma t i c ,   n a p h t h e n i c   and 

p a r a f f i n i c   hydrocarbon  feed  while  making  e f f i c i e n t   u s e  

of  p rocess   components .   Fu r the r ,   said  p r o c e s s  

s i g n i f i c a n t l y   d e c r e a s e s   the  energy  r e q u i r e m e n t s  

n e c e s s a r y   for  the  s e p a r a t i o n   of  a romat ic   and  n o n a r o m a t i c  

h y d r o c a r b o n s .   The  p rocess   is  p a r t i c u l a r l y  w e l l   a d a p t e d  

to  the  s e p a r a t i o n   of  a r o m a t i c s . f r o m   n a p h t h e n i c /  

p a r a f f i n i c   hydrocarbons   in  a  mixed  hydrocarbon   f e e d  

wherein  the  nonaromat ic   component  comprises   minera l   o i l s  

and  is  e s p e c i a l l y   w e l l - s u i t e d   for  l u b r i c a t i n g   o i l s  

( h e r e i n a f t e r   r e f e r r e d   to  as  lube  o i l s ) .  

The  s e p a r a t i o n   of  a romat ic   and  n o n a r o m a t i c  

hydrocarbons   ( g e n e r a l l y   r e f e r r e d   to  as  d e a r o m a t i z a t i o n )  

from  mixed  hyd roca rbon   feeds  has  long  been  r ecogn ized   a s  

n e c e s s a r y   for  a  number  of  va r i ed   r ea sons .   For  e x a m p l e ,  

when  a  BTX  f r a c t i o n   (benzene  to luene   and  xylene)  is  t h e  

a romat ic   f r a c t i o n   it   may  be  used  as  a  raw  m a t e r i a l   i n  

the  manufac tu re   of  p e t r o c h e m i c a l s ,   or  as  an  a d d i t i v e   f o r  

g a s o l i n e   to  i n c r e a s e   i t s   octane  r a t i n g .   F u r t h e r ,   t h e  

nonaromat ic   f r a c t i o n   der ived   from  these  mixed  feeds  have  

va r i ed   uses  as  f u e l s ,   s o l v e n t s   and  the  l ike   and,  t h u s ,  

are  also  h ighly   d e s i r a b l e .   Such  u t i l i t i e s   for  t h e  



aromat ic   and  nonaromat ic   f r a c t i o n s   h a v e  r e s u l t e d   in  t h e  

development   of  va r i ed   d e a r o m a t i z a t i o n   p r o c e s s e s   with  t h e  

goal  being  to  improve  the  economics  of  these   p r o c e s s e s .  

Of  p a r t i c u l a r   i n t e r e s t   and  d i f f i c u l t y   is  t h e  

p u r i f i c a t i o n   of  lube  o i l s ,   wherein  the  removal  o f  

a r o m a t i c - t y p e   hydrocarbons   is  nece s sa ry   to  improve  t h e  

v i s c o s i t y   index,   thermal   and  o x i d a t i o n   s t a b i l i t y ,   and 

color   of  the  lube  o i l s .   The  p re sence   of  a r o m a t i c - t y p e  

hydrocarbons   in  lube  o i l s   a f f e c t s   the  q u a l i t y   of  t h e s e  

o i l s   due  to  the  low  v i s c o s i t y   index,  poor  the rmal   and  

o x i d a t i o n   s t a b i l i t y ,   high  carbon  r e s i d u e ,   and  poor  c o l o r  

of  such  a r o m a t i c - t y p e   hydroca rbons .   The  a r o m a t i c - t y p e  

hydrocarbons   p r e s e n t   in  lube  o i l s   d i f f e r   s i g n i f i c a n t l y  

from  the  BTX  f r a c t i o n   found  in  higher   h y d r o c a r b o n  

mix tu res   and  as  a  r e s u l t   p r e s e n t   d i f f e r e n t   s e p a r a t i o n  

p r o b l e m s .  

A  g e n e r a l   review  of  s e p a r a t i o n   p r o c e s s e s  

f o l l o w s .  

Various  p r o c e s s e s   have  been  sugges t ed   for  t h e  

s e p a r a t i o n   of  the  a romat ic   and  nonaromat ic   h y d r o c a r b o n s  

of  a  mixed  feed  wherein  the  a romat ic   is  a  BTX  f r a c t i o n .  

Among  these  p r o c e s s e s   is  a  p rocess   employing  an 

e x t r a c t i o n   column  for  s e p a r a t i o n   of  a  BTX  f r a c t i o n   which  

i n t r o d u c e s   a  g lyco l   s o l v e n t / w a t e r   s o l u t i o n ,   BTX  and 

r e f l u x   to  a  two  step  d i s t i l l a t i o n   column.  BTX  is  t h e n  

d i s t i l l e d   to  remove  water  and  e n t r a i n e d   g l y c o l .   A 

s i m i l a r   p rocess   has  been  sugges ted   wherein  two 

d i s t i l l a t i o n   columns  are  employed  with  the  BTX  f r a c t i o n  

and  water  being  d i s t i l l e d   in  the  second  column.  In  



a d d i t i o n ,   a  p rocess   using  two  d i s t i l l a t i o n   columns 

wherein  the  second  column  is  employed  to  d i s t i l l   the  BTX 

f r a c t i o n   and  other   components ,   has  been  s u g g e s t e d .  

The  a f o r e m e n t i o n e d   p r o c e s s e s   have  not  p r o v e n  

s a t i s f a c t o r y   when  the  s e p a r a t i o n   of  a r o m a t i c  

hydrocarbons   has  been   from  other  than  a  BTX  f r a c t i o n ,  

p a r t i c u l a r l y   when  the  p roce s s  was   employed  for  t h e  

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

number  of  p r o c e s s e s   have  been  proposed  for  t h e  

d e a r o m a t i z a t i o n   of  mixed  hydrocarbon   feeds  c o n t a i n i n g  

v a r i o u s   a romat ic   hyd roca rbons .   These  p roces se s   have 

been  d i r e c t e d ,   in  l a rge   p a r t ,   to  the  choice  o f  t h e  

e x t r a c t i o n   s o l v e n t .   For  example,  U.S.  Patent   Nos. 

2 ,400,732  and  2 ,402,799  d i s c l o s e   e x t r a c t i o n /  

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

water  as  the  e x t r a c t i o n   s o l v e n t .   Numerous  water  b a s e d  

s o l v e n t s   have  been  sugges ted   for  the  e x t r a c t i o n   o f  

a romat ic   hydrocarbons   from  mixed  hydrocarbon  feeds  b u t  

to  date  such  e x t r a c t i o n   s o l v e n t s   have  not  proven  to  be 

s a t i s f a c t o r y .   These  inc lude   water  based  e x t r a c t i o n  

s o l v e n t s   such  as:  g l y c o l / w a t e r   wherein  up  to  50  p e r c e n t  

g lyco l   is  added  (U.S.  Pa ten t   2 ,400 ,802 ) ;   m e t h a n o l / w a t e r  

(U.S:  Pa tent   3 , 9 8 5 , 6 4 4 ) ;   w a t e r / n o n - o x y g e n a t e d   o r g a n i c  

s o l v e n t s   (U.S.  Pa ten t   2 , 298 ,791 ) ;   wa te r / amines   (U.S.  

Pa ten t   2 , 401 ,852 ) ;   and  w a t e r / i n o r g a n i c   s a l t s ,   acid  o r  

b a s e s ,   or  o rgan ic   s u b s t a n c e s   (U.S.  Pa tent   2 , 4 0 3 , 4 8 5 ) .  

The  problems  a s s o c i a t e d   with  employing  a  w a t e r - b a s e d  

e x t r a c t i o n   so lven t   are  well  known  in  the  p r io r   a r t .  

V a r i o u s . p r o c e s s e s   have  been  sugges ted   to  h e l p  



overcome  the  problems  a s s o c i a t e d   with  employing  w a t e r  

based  e x t r a c t i o n   s o l v e n t s  .   For  example,  U.S.  P a t e n t  

1 ,783 ,203   d i s c l o s e s   the  use  of  dry  a l c o h o l s   (CI-C3) 

for  t r e a t i n g   heavy  pe t ro leum  o i l s .   The  p r o b l e m s  

r e l a t i n g   to  the  f l a m m a b i l i t y   and  t o x i c i t y   of  s u c h  

a l c o h o l s   are  well  known  in  the  a r t .   U.S.  P a t e n t  

1 ,908,018  d i s c l o s e s   t h e  u s e   of  g l y c o l  e t h e r s   in  a 

p rocess   for  r e f i n i n g   minera l   o i l s   by  s e p a r a t i n g   t h e  

p a r a f f i n i c   and  n a p h t h e n i c   po r t ion   t h e r e o f   wherein  t h e  

g lyco l   e ther   is  mixed  with  the  minera l   o i l   and  t h e  

mixture   is  cooled  to  provide   a  p a r a f f i n i c   layer  and  a 

naph then ic   l a y e r .   U.S.  Pa ten t   2 ,337,732  d i s c l o s e s   t h e  

use  of  e t h a n o l a m i n e s   for  removing  a roma t i c s   from  a 

hydrocarbon  d i s t i l l a t e ,   c o m p r i s i n g  g a s o l i n e s   or  l i g h t  

hydrocarbons   (C1-C5),  by  an  e x t r a c t i o n - d i s t i l l a t i o n  

p r o c e s s .   U.S.  Pa ten t   2 ,295,612  d i s c l o s e s   the  use  of  low 

molecular   weight  p o l y h y d r i c   a l coho l s   for  s e p a r a t i n g  

a romat ic   mix tures   to  ob t a in   r e s i n - f o r m i n g   compounds.  

U.S.  P a t e n t  2 , 1 2 9 , 2 8 3   d i s c l o s e s   the  use  of  a  b e t a ,  

b e t a ' - d i c h l o r o   d i e t h y l   e ther   and  2-30%  propylene   g l y c o l  

as  the  s o l v e n t   for  e x t r a c t i n g   n a p h t h e n i c   i m p u r i t i e s   f rom 

l u b r i c a t i n g   o i l s   a t  t e m p e r a t u r e s   from  120°F  to  200°F .  

U.S.  Pa t en t   3 ,379 ,788   d i s c l o s e s   the  use  of  a l k y l e n e  

oxide  adducts   of  phenyl  g l y c i d y l   e ther   and  U.S.  P a t e n t  

2 ,834,820  d i s c l o s e s   the  use  of  mixed  a lky lene   o x i d e  

adducts   of  e t h y l e n e   or  propylene   oxide  as  s o l v e n t s   i n  

d e a r o m a t i z a t i o n   p r o c e s s e s .  

To  overcome  the  r e l a t i v e l y   low  y i e l d s ,   p u r i t i e s  

and  so lven t   r ecovery   problems  of  the  above  p r o c e s s e s  



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

employing  e x t r a c t i o n   and  d i s t i l l a t i o n .   These  i n c l u d e :  

s o l v e n t   e x t r a c t i o n - s t e a m   d i s t i l l a t i o n   p r o c e s s e s   (such  a s  

t h o s e   d i s c l o s e d   in  U.S.  Pa ten t   Nos.  3 , 4 1 7 , 0 3 3 ;  

3 ,714 ,034 ;   3 ,779 ,904 ;   3 ,788 ,980 ,   3 ,755,154  and 

3 , 9 6 6 , 5 8 9 ) ;   p r o c e s s e s   employing  m u l t i p l e   e x t r a c t i o n  

z o n e s   and  a z e o t r o p i c   d i s t i l l a t i o n   (e.g.   U.S.  P a t e n t  

3 , 7 8 9 , 0 7 7 ) ;   p r o c e s s e s   employing  d i s t i l l a t i o n   and 

s t r i p p i n g   columns  (U.S.  Pa ten t   Nos.  4 , 0 4 8 , 0 6 2  a n d  

4 , 1 7 7 , 1 3 7 ) ;   and  m u l t i p l e   d i s t i l l a t i o n   p r o c e s s e s   ( e . g .  

U.S.  Pa ten t   3 , 4 6 1 , 0 6 6 ) .  

U n f o r t u n a t e l y   these  p r o c e s s e s   employ 

d i s t i l l a t i o n s .   F u r t h e r ,   high  c a p i t a l   and  energy  c o s t s  

are  g e n e r a l l y   a s s o c i a t e d   with  employing  such  p r o c e s s e s .  

T h e r e f o r e ,   a l t e r n a t i v e   p r o c e s s e s   have  been  s o u g h t  

whereby  these  problems  may be  m i n i m i z e d .  

U.S.  Pa ten t   No.  3 ,431,199  d i s c l o s e s   a  method  o f  

s e p a r a t i n g   a romat ic   hydrocarbons   from  a  mixed 

hydrocarbon  feed  by  use  of  s o l v e n t s   c o m p r i s i n g  

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

mix tu res   t h e r e o f .   The  p rocess   is  d i r e c t e d   to  t h e  

s e p a r a t i o n   of  l i g h t   a roma t i c s   by  e x t r a c t i o n   a t  

t e m p e r a t u r e s   p r e f e r a b l y   between  80°  and  130°C  and 

employs  a z e o t r o p i c   d i s t i l l a t i o n   with  ace tone   to  e f f e c t  

s e p a r a t i o n   of  the  a romat ic   hyd roca rbons .   The  p r o c e s s  

p r e f e r a b l y   employs  s o l v e n t   with  2%  to  8%  by  weight  w a t e r .  

U.S.  Pa ten t   No.  3 ,551,327  d i s c l o s e s   an 

e x t r a c t i o n   d i s t i l l a t i o n   p rocess   which  employs  a 

s u l f o l a n e - t y p e   s o l v e n t .  



U.S.  Pa t en t   No.  3 ,985,644  d i s c l o s e s   a  method  o f  

s e p a r a t i n g   naphtha  into  a romat ic   and  p a r a f f i n - r i c h  

f r a c t i o n s   with  a  m e t h a n o l - w a t e r   m i x t u r e s .   The  s o l v e n t  

is  s e p a r a t e d   from  the  a r o m a t i c - r i c h   phase  by  l o w e r i n g  

the  t e m p e r a t u r e   of  the  mix tu re .   As  i n d i c a t e d   t h e r e i n ,  

the  s o l v e n t   compr ises   m e t h a n o l / w a t e r   m i x t u r e s .   These  

are  h igh ly   tox ic   and  flammable  m i x t u r e s .  

U.S.  Pa ten t   No.  4 ,086,159  d i s c l o s e s   a  method 

for  s e p a r a t i n g   a romat ic   hydroca rbons   from  mixed 

hydrocarbon  feeds  by  use  of  an  e t h o x y l a t e  a l k a n e   p o l y o l  

s o l v e n t   in  an  e x t r a c t i o n - d i s t i l l a t i o n   p r o c e s s .   The 

e t h o x y l a t e d   alkane  po lyo l   s o l v e n t s   high  b o i l i n g   p o i n t  

p r o v i d e s   for  the  r ecove ry   of  high  b o i l i n g   a r o m a t i c s   s u c h  

as  e t h y l b e n z e n e   and  p o l y s u b s t i t u t e d   benzenes .   T h e  

p rocess   n e c e s s a r i l y   r e q u i r e s   s i z a b l e   q u a n t i t i e s   o f  

energy  to  ca r ry   out  the  energy  i n t e n s i v e   d i s t i l l a t i o n  

s t e p s .  

U.S.  Pa t en t   4 ,179,362  d i s c l o s e s   a  method  f o r  

s e p a r a t i n g   a r o m a t i c - c o n t a i n i n g   pe t ro leum  f r a c t i o n s   i n t o  

a r o m a t i c - r i c h   and  p a r a f f i n i c - r i c h   hydrocarbon  s t reams  by 

use  of  a  m e t h a n o l / w a t e r   e x t r a c t i o n   s o l v e n t   (having  a t  

l e a s t   10  volume  p e r c e n t   water  in  the  e x t r a c t i o n   s o l v e n t )  

in  an  e x t r a c t i o n   z o n e  a t   a  t e m p e r a t u r e   of  a b o u t  

150°-450°F.   The  e x t r a c t i o n   employs  water  in  t h e  

e x t r a c t i o n   s tep  t o  r e d u c e   hydrocarbon  s o l u b i l i t y   in  t h e  

a r o m a t i c - r i c h   e x t r a c t .   The  e x t r a c t i o n   s tep  is  f o l l o w e d  

by  f u r t h e r   a d d i t i o n s   of  water  ( d i s t i l l e d   water)  to  t h e  

a r o m a t i c - r i c h   e x t r a c t   such  tha t   the  w a t e r / m e t h a n o l  

s o l v e n t   c o n t a i n s   at  l e a s t   80%  water ,   by  volume.  The 



water  and  methanol   must  then  be  removed  by  f l a s h  

d i s t i l l a t i o n ,   an  energy  i n t e n s i v e   p r o c e s s ,   o r  by   some 

other   p rocess   such  as  using  super  c r i t i c a l   CO  as  an 

e x t r a c t i o n   s o l v e n t .   The  u s e  o f   m e t h a n o l / w a t e r   s o l v e n t s  

for  t r e a t i n g   higher   d i s t i l l a t e s   tends  to  r e q u i r e   h i g h e r  

p rocess   p r e s s u r e s   and  s u f f e r s   from  the  s a f e t y  

c o n s t r a i n t s   a s s o c i a t e d   with  m e t h a n o l / w a t e r   s o l v e n t s ,  

e . g . ,   high  f l a m m a b i l i t y   and  high  t o x i c i t y .  

The  above  p r o c e s s e s   show  the  i n t e n s e   i n t e r e s t  

in  deve lop ing   a  d e a r o m a t i z a t i o n   p rocess   which  lowers  t h e  

cost   of  those  p r o c e s s e s   h e r e t o f o r e   used  c o m m e r c i a l l y .  

U.S.  Pa ten t   3 ,985,644  sugges t s   one  such  method  f o r  

ach iev ing   th i s   goal ,   i . e . ,   by  r educ ing   the  use  o f  

e n e r g y - i n t e n s i v e   s t e p s ,   e . g . ,   d i s t i l l a t i o n .  

Such  d e a r o m a t i z a t i o n   p r o c e s s e s   are  o f  

p a r t i c u l a r   i n t e r e s t   in  the  d e a r o m a t i z a t i o n   of  m i n e r a l  

o i l s ,   e . g . ,  l u b e   o i l s .   Dearomat ized  l u b r i c a t i n g   o i l s  

are ,   g e n e r a l l y   speak ing ,   n a p h t h e n i c - a n d   or  p a r a f f i n i c -  

type  v i scous   m a t e r i a l s   having  a low  ra te   of  v i s c o s i t y  

change  with  change  in  t e m p e r a t u r e ,   i . e . ,   r e l a t i v e l y   h i g h  

v i s c o s i t y   index,  a  high  degree  of  thermal   and  o x i d a t i o n  

s t a b i l i t y ,   low  c a r b o n - f o r m i n g   t endency ,   good  c o l o r ,   and 

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

g e n e r a l l y   r ecove red   as  heavy  d i s t i l l a t e s   or  bottoms  from 

the  vacuum  d i s t i l l a t i o n   of  crude  o i l s .   A  crude  lube  o i l  

f r a c t i o n   c o n t a i n s   many  d i f f e r e n t   chemical   c o m p o n e n t s ,  

e . g . ,   p a r a f f i n s ,   naph thenes ,   a r o m a t i c s ,   and  the  l i k e .  

I n   order  to  ob ta in   r e f i n e d   l u b r i c a t i n g   o i l s   o f  

r e l a t i v e l y   good  q u a l i t y   and  high  v i s c o s i t y   index,  t h e  



p r a c t i c e   has  been  to  remove  components,   such  as  a r o m a t i c  

and  p o l y a r o m a t i c   compounds,  which  tend  to  lower  t h e  

v i s c o s i t y   index  of  the  lube  o i l . .   The  removal  of  t h e s e  

a romat ic   components  has  h e r e t o f o r e   been  c a r r i e d   out  by 

p r o c e s s e s   as  a b o v e - d e s c r i b e d   and  p r o c e s s e s   such  a s  

d i s c l o s e d   in  U.S.  Pa t en t   Nos.  2 ,079 ,885 ;   2 , 3 4 2 , 2 0 5 ;  

3 ,600 ,302;   2 ,773 ,005 ;   3 ,291 ,728 ;   3 ,788 ,980 ;   and 

3 ,883 ,420 .   . 

U.S.  Pa ten t   2 , 0 7 9 , 8 8 5  d i s c l o s e s   a  p roces s   f o r  

r e f i n i n g   hydrocarbon  o i l s   c o n t a i n i n g   a romat ic   and 

non -a roma t i c   components  by  counter   c u r r e n t   e x t r a c t i o n   a t  

e l e v a t e d   t e m p e r a t u r e s   with  s e l e c t i v e   s o l v e n t s   such  a s  

f u r f u r a l   or  phenol ,   coo l ing   the  a r o m a t i c - r i c h   e x t r a c t  

and  o i l i n g   out  the  r a f f i n a t e   and  r e c y c l i n g   the  o i l ed   o u t  

r a f f i n a t e .   U n f o r t u n a t e l y  s u c h   a  p roces s   r e s u l t s   in  some 

r a f f i n a t e   l o s s e s   in  the  a r o m a t i c - r i c h   e x t r a c t .  

U.S.  Pa t en t   2 ,342,205  d i s c l o s e s   a  s o l v e n t  

recovery   scheme  wherein  a l i p h a t i c   and  a r o m a t i c  

hydroca rbons   are  washed  with  water  and  then  d i s t i l l e d .  

U.S.  Pa ten t   3 ,600,302  d i s c l o s e s   a  method  o f  

upgrading  pe t ro leum  d i s t i l l a t e   f r a c t i o n s   by  e x t r a c t i o n  

with  a  mixed  s o l v e n t   compr is ing   an  a romat ic   o r g a n i c  

compound  having  a  6  membered  ring  c o n t a i n i n g   at  l e a s t  

one  polar   f u n c t i o n a l   group  and  a  d i e t h y l e n e   g lyco l   e t h e r  

having  the  g e n e r a l   f o r m u l a :  

R-(OCH2CH2)2-OH 

U.S.  Pa t en t   2 ,773,005  d i s c l o s e s   a  p r o c e s s  

-wherein  l i g h t   l u b r i c a t i n g   o i l s   are  e x t r a c t e d   by  use  o f  

phenol  and  water .   The  phenol  is  r ecovered   from  a  s e c o n d  



e x t r a c t   f r a c t i o n   wherein  said  e x t r a c t   f r a c t i o n   c o n t a i n s  

a r o m a t i c - t y p e   hydroca rbons   and  phenol  ( e x t r a c t i o n  

s o l v e n t ) .   Thus,  the  p rocess   r e q u i r e s   r e g e n e r a t i o n   o f  

the  e x t r a c t i o n   s o l v e n t   by  means  of  a d d i t i o n a l   s e p a r a t i o n  

p r o c e s s e s   s ince  the  "second  e x t r a c t   f r a c t i o n "   c o n t a i n s  

phenol  (a  r e l a t i v e l y   tox ic   compound)  and  a r o m a t i c - t y p e  

compounds.  

'U.S..  Pa ten t   3 ,291,728  d i s c l o s e s   a  p r o c e s s  

wherein  a  r a f f i n a t e   and  e x t r a c t   f r a c t i o n   from  an 

e x t r a c t i o n   p rocess   are  washed  with  25  p e r c e n t   to  50 

p e r c e n t ,   by  volume,  water .   The  p rocess   employs  the  u s e  

of  e x t r a c t i o n   s o l v e n t   r e b o i l e r s   to  recover   s o l v e n t s .  

U.S.  Pa ten t   3 ,788,980  d i s c l o s e s   a  p rocess   f o r  

the  recovery   of  a romat ic   hydrocarbons   wherein  a 

f e e d s t o c k   is  c o n t a c t e d   with  a  mixture   of  water  and  a 

s o l v e n t .   The  mixture   c o n t a i n i n g   a roma t i c s   is  i n t r o d u c e d  

to  a  d i s t i l l a t i o n   zone  ma in t a ined   at  the  b o i l i n g   p o i n t  

of  the  mixture   of  a roma t i c s   with  steam  being  i n t r o d u c e d  

at  the  bottom  of  the  d i s t i l l a t i o n   zone.  Thus,  a 

d i s t i l l a t i o n   zone  is  n e c e s s a r i l y   employed  to  remove  t h e  

a r o m a t i c - t y p e   compounds.  

U.S.  Pa ten t   3 ,883,420  d i s c l o s e s   a  p rocess   f o r  

removing  a romat ic   hydrocarbons   from  an  e x t r a c t   phase  by 

use  of  a  mixture  of  steam  and  a  lower  molecu la r   w e i g h t  

p a r a f f i n i c   hydrocarbon   ( s o l v e n t ) .   The  s o l v e n t   i s  

r ecovered   by  steam  s t r i p p i n g   or  by  e x t r a c t i v e  

d i s t i l l a t i o n   fo l lowed  by  a  s o l v e n t   r ecovery   co lumn.  

There  is  d i s c l o s e d   in  copending  a p p l i c a t i o n  

United  S t a t e s   S e r i a l   No.  164,039,   f i l e d   June  30,  1980,  



c o r r e s p o n d i n g   to  European  A p p l i c a t i o n   No.  A2364/U  commonly 

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

where in   s o l v e n t   p u r i f i c a t i o n   with  mixed  h y d r o c a r b o n   f e e d  

or  r a f f i n a t e   can  be  employed.  The  i n s t a n t   p r o c e s s  

e l i m i n a t e s   these   s o l v e n t   p u r i f i c a t i o n   s t e p s .  

The  p rocess   of  t h i s   i n v e n t i o n   is  to  be 

d i s t i n g u i s h e d   from  the  p r io r   a r t   in  tha t   the  i n s t a n t  

p rocess   p rov ides   a  s o l v e n t   e x t r a c t i o n - s o l v e n t  

d e c a n t a t i o n   p rocess   tha t   is  e conomica l ly   a d v a n t a g e o u s ,  

i . e . ,   energy  e f f i c i e n t ,   and  overcomes  problems  i n h e r e n t  

in  the  a b o v e - d e s c r i b e d   p r o c e s s e s .  
The  i n s t a n t   i n v e n t i o n   p rov ides   a  p r o c e s s  f o r  

t h e   s e p a r a t i o n   of  a romat ic   and  nonaromat ic   h y d r o c a r b o n s  

from  a  mixed  hydrocarbon   feed  in  which  an  a r o m a t i c  

s e l e c t i v e   s o l v e n t ,   p r e f e r a b l y   r e l a t i v e l y   low  m o l e c u l a r  

weight   p o l y a l k y l e n e   g l y c o l s   and  mix tu res   t h e r e o f ,   i s  

employed.  The  p rocess   u t i l i z e s   an  e x t r a c t i o n -  

d e c a n t a t i o n   p rocess   whereby  a romat ic   and  n o n a r o m a t i c  

hydrocarbons   are  r e c o v e r e d   wi thou t   or  w i t h  m i n i m a l  

d i s t i l l a t i o n   to  recover   the  a roma t i c s   such  t ha t   t h e  

a roma t i c   and  nonaromat ic   f r a c t i o n s   are  r e cove red   i n  

r e l a t i v e l y   high  y e i l d   using  a  minimum  of  p r o c e s s  

equipment ,   thereby   minimizing  c a p i t a l   i n v e s t m e n t ,   w h i l e  

p r o v i d i n g   an  energy  e f f i c i e n t   p r o c e s s .  

According  to  the  p r e s e n t   i n v e n t i o n ,   a r o m a t i c  

and  nonaromat ic   hydroca rbons   in  a mixed  hydrocarbon  f e e d  

( r e f e r r e d   to  as  the  "feed")   are  e f f e c t i v e l y   s e p a r a t e d  

using  minimal  p rocess   equipment  and  energy  in  a 



con t inuous   s o l v e n t   e x t r a c t i o n - s o l v e n t   d e c a n t a t i o n  

process   compr i s ing   the  fo l lowing   s t e p s :  

(a)  c o n t a c t i n g   the  hydrocarbon  feed,   at  a 

t e m p e r a t u r e   of  at  l e a s t   about  150°C,  in  an  e x t r a c t i o n  

zone  with  an  a romat i c   s e l e c t i v e   so lven t   to  p rovide   an 

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

amomatic  hydroca rbons   and  a romat ic   s e l e c t i v e   s o l v e n t   and 

a  r a f f i n a t e   phase  c o n t a i n i n g   p r i m a r i l y   n o n a r o m a t i c  

h y d r o c a r b o n s ;  

(b)  coo l ing   the  a r o m a t i c - r i c h   s o l v e n t  

phase  to  br ing  about  the  fo rma t ion   of  two  p h a s e s ;  

(c)  i n t r o d u c i n g   s a id  phases   of  t h e  

c o o l e d  a r o m a t i c - r i c h   s o l v e n t   phase  to  a  d e c a n t a t i o n   zone  

and  i n t r o d u c i n g   t h e r e w i t h   about  0.5  to  about  2 5 . 0  

p e r c e n t   by  weight   of  an  a n t i - s o l v e n t   for  said  a r o m a t i c  

hydrocarbons   in  said  a r o m a t i c - r i c h   so lven t   phase  t o  

p rovide   an  a r o m a t i c - r i c h   e x t r a c t   phase  c o n t a i n i n g  

p r i m a r i l y   a romat ic   hydroca rbons   and  a  s o l v e n t   p h a s e  

c o n t a i n i n g   p r i m a r i l y   a romat ic   s e l e c t i v e   s o l v e n t   and 

a n t i - s o l v e n t ;  

(d)  removing  a n t i - s o l v e n t   from  s a i d  

s o l v e n t   phase  and  r e c y c l i n g   said  s o l v e n t   phase  to  t h e  

e x t r a c t i o n   zone  of  s tep  (a);  and 

(e)  r e c o v e r i n g   as  p roduc t s   the  a r o m a t i c -  

r i ch   e x t r a c t   of  s tep  (c)  and  the  r a f f i n a t e   of  s tep  ( a ) .  

In  a d d i t i o n ,   e n t r a i n e d   and  d i s s o l v e d   s o l v e n t  

may  be  removed  from  the  a r o m a t i c - r i c h   e x t r a c t   and 

r a f f i n a t e   by  means  of  a  water  wash  p r o c e s s .  



As  noted  above,  there   i s  a n   i n d u s t r i a l   need  f o r  

an  energy  e f f i c i e n t   p rocess   for  the  s e p a r a t i o n   o f  

a romat ic   and  nona romat i c   hydrocarbons   in  a  mixed 

hydrocarbon  feed,   p a r t i c u l a r l y   in  the  d e a r o m a t i z a t i o n   o f  

crude  lube  o i l s .   Naphthas ,   h e a t i n g   o i l s ,   l i g h t   o i l s ,  

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

p a r a f f i n   d i s t i l l a t e s ,   heavy  d i s t i l l a t e s ,   kerosene  and  

the  l i k e ,   can  con t a in   between  about  20  to  90  p e r c e n t   by 

weight   a r o m a t i c - t y p e   h y d r o c a r b o n s ,   e . g . ,   BTX  or  

p o l y a r o m a t i c s .   Since  the  i n d i v i d u a l   h y d r o c a r b o n  

compounds  which  make  up  these   hydrocarbon  feed  s t r e a m s  

are  well   known  they  w i l l   not  be  d i s c u s s e d   e x t e n s i v e l y ,  

except   to  note  t ha t   the  mixed  hydrocarbon  feed  employed  

he re in   may  be any  pe t ro l eum  f r a c t i o n   c o n t a i n i n g  

a r o m a t i c s ,   such  as  for  example  naphthas   ( v i r g i n   o r  

cracked)  ke rosene ,   g a s o l i n e ,   hea t ing   o i l s ,   l u b r i c a t i n g  

o i l s ,   l i g h t   p a r a f f i n   d i s t i l l a t e s ,   heavy  d i s t i l l a t e s   and  

r e s i d u a l   o i l s .   P r e f e r a b l y ,   the  feed  s t ream  is  a  l i g h t  

p a r a f f i n   d i s t i l l a t e ,   heavy  d i s t i l l a t e   or  a  lube  o i l  

f r a c t i o n .  

The  a romat ic   hydrocarbons   p r e s e n t   in  heavy  

hydrocarbon  feeds ,   e . g . ,   l u b r i c a t i n g   o i l s ,   g e n e r a l l y  



i nc lude :   a l k y l b e n z e n e s ,   indanes ,   t e t r a l i n s ,   i n d e n e s ,  

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

p h e n a n l t r e n e s ,   a n t h r a c e n e s ,   d i a c e n a p h t h a l e n e s ,   p y r e n e s ,  

c h r i p e n e s ,   d i a c e a n t h r a n c e n e s ,   benzpyrenes   and  o t h e r  

va r ious   a romat ic   feed  c o m p o n e n t s .  

The  s o l v e n t s   which  are  employed  in  the  i n s t a n t  

p rocess   have  t y p i c a l   d e s i r a b l e   c h a r a c t e r i s t i c s   for  u s e  

in  t h i s   p rocess   as  fo l lows :   (a)  high  s e l e c t i v i t y   for  t h e  

a romat ic   feed  components  at  the  e x t r a c t i o n   t e m p e r a t u r e ;  

(b)  high  s o l v e n t   c a p a c i t y   for  the  a romat ic   f e e d  

components  at  the  e x t r a c t i o n   t e m p e r a t u r e s   ( i . e . ' ,   low 

so lven t   to  feed  r a t i o s ) ;   (c)  low  vapor  p r e s s u r e   at  t h e  

t e m p e r a t u r e   of  e x t r a c t i o n   to  avoid  the  use  o f  

p r e s s u r i z e d   equipment;   (d)  low  c a p a c i t y   for  the  a r o m a t i c  

feed  components  at  the  lower  d e c a n t a t i o n   t e m p e r a t u r e ;  

(e)  chemical   and  thermal   s t a b i l i t y   under  the  p r o c e s s  

c o n d i t i o n s ;   (f)  a d a p t a b l e   to  a  wide  range  of  feeds ;   (g) 

a v a i l a b l e   at  a  r e a s o n a b l e   cos t ;   (h)  n o n c o r r o s i v e   t o  

c o n v e n t i o n a l   metals   of  c o n s t r u c t i o n ;   (i)  r e l a t i v e l y   low 

t o x i c i t y ,   i . e . ,   e n v i r o n m e n t a l l y   safe ;   and  (j)  have  a 

r e l a t i v e l y   high  d e n s i t y   such  tha t   t he re   e x i s t s   a 

s u f f i c i e n t   d i f f e r e n c e   between  the  d e n s i t y   of  t h e  

e x t r a c t i o n   so lven t   and  the  hydrocarbon  ( r a f f i n a t e )  

p r o d u c t .  

The  s o l v e n t s   used  in  the  i n s t a n t   p rocess   t e n d  

to  be  w a t e r - m i s c i b l e   o rgan ic   l i q u i d s   (at  p r o c e s s  

t e m p e r a t u r e s )   having  a  b o i l i n g   po in t   and  d e c o m p o s i t i o n  

t e m p e r a t u r e   higher   than  the  e x t r a c t i o n   t e m p e r a t u r e .   The 

term  " w a t e r - m i s c i b l e "   s o l v e n t s   i nc ludes   those  s o l v e n t s  



which  are  c o m p l e t e l y   m i s c i b l e   with  water  over  a  wide  

range  of  t e m p e r a t u r e s   and  those  s o l v e n t s   which  have  a 

high  p a r t i a l   m i s c i b i l i t y   with  water  at  room  t e m p e r a t u r e ,  

s ince   the  l a t t e r   are  u s u a l l y   c o m p l e t e l y   m i s c i b l e   a t  

p rocess   t e m p e r a t u r e s .   The  s o l v e n t s   are  g e n e r a l l y   p o l a r  

and  con t a in   carbon,   hydrogen  and  oxygen,  with  some 

e x c e p t i o n s .  

R e p r e s e n t a t i v e   of  the  s o l v e n t s   employed  in  t h e  

p roces s   are  the  low  molecu la r   weight  p o l y a l k y J . e n e  

g l y c o l s   and  the  l i k e .   Examples  of  the  s o l v e n t s   employed  

a r e  e t h y l e n e   g l y c o l ,   d i e t h y l e n e   g l y c o l ,   t r i e t h y l e n e  

g l y c o l ,   t e t r a e t h y l e n e   g l y c o l ,   1 , 3 - b u t y l e n e   g l y c o l ,  

1 , 2 - b u t y l e n e   g l y c o l ,   1 , 5 - p e n t a e t h y l e n e   g l y c o l ,   and  

mix tu res   t h e r e o f   and  the  l i k e .  T h e   p r e f e r r e d   s o l v e n t s  

are  d i e t h y l e n e   g l y c o l ,   t r i e t h y l e n e   g l y c o l ,   t e t r a e t h y l e n e  

g l y c o l ,   or  m ix tu re s   t h e r e o f .   The  most  p r e f e r r e d   s o l v e n t  

is  t r i e t h y l e n e   g l y c o l .  

It  is  b e l i e v e d   t ha t   o ther   s o l v e n t s   having  t h e  

a f o r e m e n t i o n e d   s o l v e n t   c h a r a c t e r i s t i c s   may  be  employed  

in  a d d i t i o n   to  the  a f o r e m e n t i o n e d   s o l v e n t s ,   among  t h e s e  

being:   amines  such  as  d i e t h y l e n e   t r i a m i n e   and 

t r i e t h y l e n e t e t r a m i n e ;   a l k a n o l a m i n e s   such  a s  

monoethanolamine ,   d i e t h a n o l a m i n e ,   and  t r i e t h a n o l a m i n e ;  

s u l f o l a n e ;   N - m e t h y l - 2 - p y r r o l i d o n e ;   a romat i c   compounds 

such  as  d i m e t h y l p h t h a l a t e   and  d ipheny l   e t h e r ;   and 

h a l o g e n a t e d   compounds  such  as  p e r c h l o r o a t h y l e n e ,  

1 , 1 , 2 - t r i c h l o r o e t h y l e n e   and  1 , 2 , 3 , t r i c h l o r o p r o p a n e ,   o r  

mix tu res   t h e r e o f .  

The  a n t i - s o l v e n t   employed  in  the  i n s t a n t  



process   is  p r e f e r a b l y   water  a l though   any  compound  t h a t  

tends  to  dec rease   the  s o l u b i l i t y   of  the  a r o m a t i c  

hydrocarbon  in  the  a romat ic   s e l e c t i v e   s o l v e n t   may  be  

employed.  Water  is  the  p r e f e r r e d   a n t i - s o l v e n t   s ince   t h e  

energy  r e q u i r e m e n t s   of  the  p rocess   are  s i g n i f i c a n t l y  

minimized  by  removing  the  water  by  f l a sh   d i s t i l l a t i o n   o r  

by  s t r i p p i n g ,   the reby   g e n e r a t i n g   steam  for  use  in  t h i s  

or  o ther   p r o c e s s e s .   Other  s u i t a b l e   a n t i - s o l v e n t s  

inc lude   e thy l ene   g l y c o l ,   g l y c e r i n e ,   low  molecu la r   w e i g h t  

a l c o h o l s   and  the  l i k e .   The  c o n c e n t r a t i o n   of  t h e  

a n t i - s o l v e n t   as  d e t e r m i n e d  i n   the  d e c a n t a t i o n   zone  i s  

tha t   amount  which  e f f e c t i v e l y   d e c r e a s e s   the  s o l u b i l i t y  

of  the  a romat ic   hydrocarbon  in  the  a romat ic   s e l e c t i v e  

so lven t   as  de t e rmined   by  the  amount  of  a r o m a t i c  

hydrocarbon   i n  t h e   a romat ic   s e l e c t i v e   s o l v e n t   l e a v i n g  

the  d e c a n t a t i o n   zone.  The  a n t i - s o l v e n t   employed  in  t h e  

i n s t a n t   p rocess   f u r t h e r   promotes  the  fo rma t ion   in to   two 

phases  of  the  a r o m a t i c - r i c h   s o l v e n t   phase  such  tha t   an  

a r o m a t i c - r i c h   phase  and  s o l v e n t   phase  are  formed 

Absent  the  a d d i t i o n   of  a n t i - s o l v e n t   the  fo rma t ion   o f  

such  phases  may  be  incomple te   and  u n s a t i s f a c t o r y   and,  t h u s ,  

commerc ia l ly   p r o h i b i t i v e .   G e n e r a l l y   the  c o n c e n t r a t i o n  

of  the  a n t i - s o l v e n t   p r e s e n t   in  the  d e c a n a t i o n   zone  is  i n  

the  range  of  from  about  0.5  to  25.0  pe rcen t   by  w e i g h t  

based  on  the  t o t a l   weight  of  the  a r o m a t i c - r i c h   s o l v e n t  

phase  with  the  range  from  about  0.5  to  about  1 5 . 0  

p e r c e n t   being  p r e f e r r e d   and  the  range  from  about  5.0  t o  

about  10.0  being  most  p r e f e r r e d .   Some  p o r t i o n   of  t h e  

a n t i - s o l v e n t   p r e s e n t   in  the  d e c a n t a t i o n   zone  may  be 



provided   by  a n t i - s o l v e n t   p r e s e n t   in  the  a r o m a t i c - r i c h  

so lven t   phase  o b t a i n e d   from  the  e x t r a c t i o n   zone.  The 

a c t u a l   c o n c e n t r a t i o n   of  the  a n t i - s o l v e n t   in  t h e  

d e c a n t a t i o n   zone  may  be  higher   than  25.0  p e r c e n t   by 

weight  depending  on  the  s e l e c t i o n   of  the  h y d r o c a r b o n  

feed,   a romat i c s   p r e s e n t . i n   the  feed,   a romat ic   s e l e c t i v e  

s o l v e n t   employed  and  the  l i k e .   The  a f o r e m e n t i o n e d  

c o n c e n t r a t i o n s   d e s i g n a t e   the  t o t a l   water  p r e s e n t   i n  

the  d e c a n t a t i o n   zone  i r r e s p e c t i v e   of  i t s   s o u r c e .  

A n t i - s o l v e n t   is  p r e f e r a b l y   added  to  the  a r o m a t i c - r i c h  

s o l v e n t   phase  p r io r   to  the  d e c a n t a t i o n   zone  so  as  t o  

provide   for  s u p e r i o r   s e p a r a t i o n   in  the  d e c a n t a t i o n   zone .  

G e n e r a l l y ,   to  accompl i sh   the  e x t r a c t i o n , t h e  

r a t i o   of  a r o m a t i c - s e l e c t i v e   s o l v e n t   to  hydrocarbon  f e e d  

in  the  e x t r a c t o r   zone  is  in  the  range  from  about  2  t o  

about  20  pa r t s   by  weight  of  s o l v e n t   to  one  par t   by 

weight  of  feed,  the  r a t i o   from  about  3  to  1  to  about  15 

to  1  being  p r e f e r r e d   and  the  r a t i o   from  about  4  to  1  t o  

about  12  to  1  being  the  most  p r e f e r r e d .   The  broad  r a n g e  

may  be  expanded  upon  when  n o n p r e f e r r e d   e x t r a c t i o n  

s o l v e n t s   are  used.  The  optimum  s o l v e n t   to  feed  r a t i o  

depends  upon  whether  high  recovery   (y ie ld)   or  h i g h  

p u r i t y   ( qua l i t y )   is  being  emphasized,   a l though   t h e  

i n s t a n t   p rocess   w i l l   g e n e r a l l y   r e s u l t   in  both  h i g h  

r ecove ry   and  high  p u r i t y .  

The  i n s t a n t   p rocess   is  f u r t h e r   c h a r a c t e r i z e d   i n  

tha t   the  vapor  p r e s s u r e   at  the  top  of  the  e x t r a c t i o n  

zone  is  t y p i c a l l y   less   than  about  120  psig  and  o f t e n  

l e ss   than  about  100  ps ig .   This  is  h ighly   a d v a n t a g e o u s  



in  terms  of  ease  of  o p e r a t i o n   and  the  c a p i t a l  

e x p e n d i t u r e   r e q u i r e d   for  c a r r y i n g   out  the  s e p a r a t i o n  

p r o c e s s .   The  a c t u a l   p r e s s u r e s   in  the  e x t r a c t i o n   zone 

may  be  higher   or  lower  depending  on  the  p a r t i c u l a r  

hydrocarbon  feed  t r e a t e d ,   the  s o l v e n t   employed,  t h e  

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

s e l e c t e d   t e m p e r a t u r e   at  which  the  e x t r a c t i o n   is  c a r r i e d  

out.   The  p r e s s u r e   employed  in  the  d e c a n t a t i o n   zone  i s  

g e n e r a l l y   tha t   p r e s s u r e   which  is  r e q u i r e d   to  cause  t h e  

a r o m a t i c - r i c h   s o l v e n t   phase  to  pass  through  t h e  

d e c a n t a t i o n   zone.  Gene ra l l y   a  small  p r e s s u r e   d r o p  

( p r e s s u r e   g r a d i e n t )   is  observed  across   the  d e c a n t a t i o n  

zone .  

The  t e m p e r a t u r e   of  the  e x t r a c t i o n   zone  i s  

g e n e r a l l y   at  l e a s t   about  150°C  and  is  g e n e r a l l y   in  t h e  

range  of  from  about  150"C to  about  275°C,  p r e f e r a b l y   i n  

the  range  of  from  about  170°C  to  about  250°C  and  mos t  

p r e f e r a b l y   from  about  200°C  and  about  240°C.  The 

t e m p e r a t u r e   in  the  e x t r a c t i o n   zone  is  not  c o n s t a n t  

t h roughou t   and  t he re   wi l l   g e n e r a l l y   be  a  t e m p e r a t u r e  

g r a d i e n t   up  to  about  30°C  or  higher   as  between  t h e  

t e m p e r a t u r e   of  the  a romat ic   s e l e c t i v e   s o l v e n t   i n t r o d u c e d  

to  the  e x t r a c t i o n   zone  and  the  t e m p e r a t u r e   of  the  a r o m a t i c  

s e l e c t i v e   so lven t   phase  e x i t i n g   the  e x t r a c t i o n   zone.  The 

d e c a n t a t i o n   zone  is  g e n e r a l l y   ma in t a ined   at  a  t e m p e r a t u r e  

in  the  range  of  from  about  50°C  to  about  200°C  below  t h e  

t e m p e r a t u r e   of  the  e x t r a c t i o n   zone  such  tha t   the  t e m p e r a t u r e  

is  p r e f e r a b l y   in  the  range  of  from  about  25°C  to  a b o u t  

150°C,  more  p r e f e r a b l y   about  25°C  to  about  100°C  and 



most  p r e f e r a b l y   from  about  25°C  to  about  70°C.  The 

t e m p e r a t u r e   employed  in  the  d e c a n t a t i o n   zone  depends,   i n  

p a r t ,   upon  s o l u b i l i t y   of  the  a romat ic   hydrocarbon  in  t h e  

e x t r a c t i o n   s o l v e n t ,   the  amount  of  a n t i - s o l v e n t   p r e s e n t  

in  the  d e c a n t a t i o n   zone  and  the  v i s c o s i t y   of  t h e  

s e l e c t e d   so lven t   at  the  d e c a n t a t i o n   t e m p e r a t u r e .  

The  equipment   used  in  the  i n s t a n t   p r o c e s s s ,  

both  for  the  e x t r a c t i o n ,   d i s t i l l a t i o n ,   if  any,  and  t h e  

d e c a n t a t i o n ,   is  of  c o n v e n t i o n a l   de s ign ,   e . g . ,   an 

e x t r a c t i o n   column  of  the  m u l t i s t a g e   r e c i p r o c a t i n g   t y p e  

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

mounted  on  a  v e r t i c a l   s h a f t   d r iven   by a  motor  in  an 

o s c i l l a t o r y   manner  can  be  used  as  may  columns  c o n t a i n i n g  

pumps  with  s e t t l i n g   zones  and  s ieve  t r ays   with  upcomers  

or  downcomers,  ( C o u n t e r - c u r r e n t   flow  is  g e n e r a l l y  

u t i l i z i e d   in  the  e x t r a c t i o n   column.)  The  s e p a r a t i o n   i n  

the  d e c a n t a t i o n   zone  can  be  conducted   in  a  d e c a n t a t i o n  

tank  with  no  i n t e r n a l   e lements   but  p r e f e r a b l y   t h e  

d e c a n t a t i o n   tank  c o n t a i n s   c o a l e s c i n g   e lements   or  b a f f l e s  

to  aid  in  the  s e p a r a t i o n .   The  p r e f e r r e d   d e c a n t a t i o n  

zone  compr ises   a  c o a l e s c e r   with  a  porous  media,  such  a s  

tha t   e x e m p l i f i e d   by  Selas   C o r p o r a t i o n   (Model  No. 

LS-60P),  having  a  d e p t h - t y p e   c o a l e s c i n g   element  ( f i b r o u s  

bed  c o a l e s c e r   e l e m e n t ) .   It  is  unde r s tood   t ha t   t h e  

" d e c a n t a t a t i o n   zone"  is  a  s e p a r a t i o n   zone  wherein  p h a s e  

fo rmat ion   occurs  and  wherein  a n t i - s o l v e n t   is  p r e s e n t .  

The  a n t i - s o l v e n t   i s   p r e f e r a b l y   added  p r io r   to  t h e  

d e c a n t a t i o n   z o n e .  

Heat  exchange r s ,   r e s e r v o i r s ,   and  s o l v e n t  



r e g e n e r a t o r s ,   if  n e c e s s a r y ,   are  a lso   of  c o n v e n t i o n a l  

design  as  well  as  are  the  va r ious   e x t r a c t o r s   and 

d e c a n t e r s   used  in  the  va r ious   embodiments  h e r e i n a f t e r  

d e s c r i b e d .   The  e x t r a c t o r s   emplcyed  are  p r e f e r a b l y  

m u l t i - s t a g e   c o u n t e r - c u r r e n t   e x t r a c t o r s ,   but  can  be  any  

of  the  well-known  types ,   as  a f o r e m e n t i o n e d .  

' T h e   i n s t a n t   p rocess   g e n e r a l l y   p rov ides   for  an  

o v e r a l l   r ecovery   of  the  a romat ic   hydrocarbon   of  f rom 

about  70  to  about  95  p e r c e n t   or  b e t t e r   based  upon  t h e  

weight  of  a romat ic   in  the  o r i g i n a l  h y d r o c a r b o n   feed  and 

u s u a l l y   p rov ides   for  s i m i l a r   r e c o v e r i e s   for  t h e  

nonaromat ic   h y d r o c a r b o n s .  

Expe r imen ta l   P r o c e d u r e  

In  c a r r y i n g   out  the  examples  the  e x t r a c t i o n  

column  comprised  a  Karr  (TM)  r e c i p r o c a t i n g   p l a t e  

e x t r a c t i o n   column  made  of  2  inch  ( i n t e r n a l   d i a m e t e r )  

g l a s s   p ipe ,   having  a n  i n t e r n a l   volume  of  about  f i v e  

l i t e r s   and  having  r e c i p r o c a t i n g   p l a t e s   spaced  two  i n c h e s  

a p a r t .   All  i n t e r n a l   metal  p a r t s   are  made  of  No.  316 

s t a i n l e s s   s t e e l   except   the  r e c i p r o c a t i n g   p l a t e s   which  

were  Teflon  (TM).  The  d e c a n t a t i o n   zone  comprised  a 

d e c a n t a t i o n   tank  with  or  wi thout   b a f f l e s   or  a  g l a s s  

s e p a r a t o r   (Model  No.  LS-60P  from  Selas   C o r p o r a t i o n   o f  

America)  equipped  with  a  d e p t h - t y p e   c o a l e s c i n g   e l e m e n t .  

A  f i b r o u s   bed  c o a l e s c i n g   element  is  the  p r e f e r r e d  

c o a l e s c i n g   e lement .   The  tubing  employed  t h roughou t   was 

g e n e r a l l y   No.  316  s t a i n l e s s   s t e e l   tubing  having  a  3 /8  

inch  o u t s i d e   d iamete r   with  a  0.035  inch  wall  t h i c k n e s s .  



A  water  s t r i p p e r   was  employed  compr i s ing   a  4  i n c h  

( i n s ide   d iameter )   g l a s s   d i s t i l l a t i o n   column  packed  w i t h  

s t a i n l e s s   s t e e l   p r o t r u d e d   metal   packing  (0.24  inch  x  

0.24  i n c h ) .  

The  o i l   c o n t e n t   of  the  va r ious   phases  was 

de te rmined   by  a  gas  chromatograph   (Hewle t t -Packa rd   Model  

5750)  having  a  2  m i l l i m e t e r   X  6  foot  g lass   column  p a c k e d  

with  a  3  p e r c e n t   OV-101  on  Chromosorb  W  (TM)  e q u i p p e d  

with  a  flame  i o n i z a t i o n   d e c t e c t o r .   The  water  c o n t e n t   o f  

the  v a r i o u s   phases  was  de te rmined   using  a  K a r l - F i s h e r  

au tomat i c   t i t r a t o r   (Model  392)  and  an  au tomat ic   b u r e t t e  

(Fisher   Model  3 9 5 ) .  

T h e   v i s c o s i t y   index  ( r e f e r r e d   to  as  the  VI)  f o r  

the  hydrocarbon  feed  and  the  r a f f i n a t e   product   were 

i n i t i a l l y   de te rmined   by  ASTM  method  D2270-75.  The 

V i s c o s i t y   Index  for  the  r a f f i n a t e   product   is  a  m e a s u r e  

of  the  p u r i t y   of  the  r a f f i n a t e   p roduc t   with  a  h i g h e r  

V i s c o s i t y  I n d e x   i n d i c a t i n g   a  r a f f i n a t e   product   of  h i g h e r  

p u r i t y .   The  v i s c o s i t y   index  was  then  de te rmined   by 

measurement  of  the  r e f r a c t i v e   index  of  the  h y d r o c a r b o n  

feed  or  r a f f i n a t e   p roduc t   at  60°C.  by  c o r r e l a t i n g   t h e  

v i s c o s i t y   index  as  de te rmined   by  ASTM  D2270-75  to  t h e  

r e f r a c t i v e   index  at  60°C.  The  va lues   given  for  t h e  

v i s c o s i t y   index  in  the  examples  is  the  v i s c o s i t y   i n d e x  

as  de te rmined   by  measuring  the  r e f r a c t i v e   index  a t  

60°C.  In  a d d i t i o n ,   the  y i e l d   (volume  %  based  on  t h e  

t o t a l   feed  volume)  was  c a l c u l a t e d   from  the  r e f r a c t i v e  

index  at  60°C.  Such  y i e l d s   are  r e p o r t e d   for  t h e  

examples  h e r e i n a f t e r .  



Tempera tu r e s   and  p r e s s u r e s   were  measured  b y  

c o n v e n t i o n a l   d e t e c t i o n   m e a n s .  

The  i n v e n t i o n   is  a lso  i l l u s t r a t e d   by  the  a c c o m p a n y i n g  

d rawings ,   which  are  r e f e r r e d   to  in  the  Examples.   In  t h e  

d r a w i n g s : -  

F ig .   1  is  a  s chema t i c   flow  diagram  of  an  i l l u s t r a t i v e  

embodiment  of  the  i n v e n t i o n .  

Fig.   2  is  a  s c h e m a t i c   flow  d iagram  of  the  p r o c e s s  

as  employed  in  Examples  2  to  2 2 .  

R e f e r r i n g   to  Figure  1:  

The  mixed  hydrocarbon  feed  is  i n t r o d u c e d   at  10 

through  l ine   12  to  pump  14.  The  feed   pas ses   t h r o u g h  

l ine   12  and  heat  exchanger   16,  18  and  20  where  i t   i s  

heat   exchanged  with  a r o m a t i c - r i c h   e x t r a c t   and  r a f f i n a t e ,  

r e s p e c t i v e l y   to  p r e h e a t   the  feed.   The  feed  is  then  h e a t  

exchanged  in  heat  exchanger   22  with  steam  in  l ine   54 

(steam  formed  by  d i s t i l l i n g   the  a n t i - s o l v e n t ,   i . e . ,  

wate r ,   f r o m ' t h e   s o l v e n t   phase  when  water  is  t h e  

a n t i - s o l v e n t )   p r io r   to  i n t r o d u c t i o n   to  e x t r a c t i o n   co lumn 

(zone)  24.  An  a romat ic   s e l e c t i v e   s o l v e n t ,   p r e f e r a b l y  

having  a  t e m p e r a t u r e   in  the  range  of  from  about  150°C  t o  

a b o u t   275°C.,   most  p r e f e r a b l y   about  200°C to   a b o u t  

240°C.  is  i n t r o d u c e d   near  the  top  of  e x t r a c t i o n   column 

24  via  l ine   57  and  p e r c o l a t e s   down  column  24  r emoving  

a r o m a t i c s   from  the  hydrocarbon   feed  forming  r a f f i n a t e  

and  an  a r o m a t i c - r i c h   s o l v e n t   phase.   The  r a f f i n a t e ,  

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

column  24  via  l ine   26  and  in  heat   exchanger  20  p r e h e a t s  

the  mixed  hydrocarbon   feed  and  is  cooled  in  turn  by  h e a t  

exchange  with  t h e ' i n c o m i n g   mixed  hydrocarbon   feed.  T h e  .  

r a f f i n a t e   passes   to  e x t r a c t o r   39  where  i t   is  c o n t a c t e d  



with  water  (when  water  is  the  s e l e c t e d   a n t i - s o l v e n t   t h e  

e x t r a c t i o n   water  is  water  removed  from  the  a r o m a t i c  

s e l e c t i v e   so lven t )   to  recover   a romat ic   s e l e c t i v e   s o l v e n t  

p r e s e n t   in  the  r a f f i n a t e   so  as  to  form  a  water  p h a s e  

( c o n t a i n i n g   a romat ic   s e l e c t i v e   so lven t )   and  a  f i n a l  

r a f f i n a t e   p roduc t .   A  second  water  e x t r a c t i o n   t a k e s  

place  in  e x t r a c t o r   38  wherein  the  a r o m a t i c - r i c h   e x t r a c t  

from  d e c a n t a t i o n   zone  34,  d i s c u s s e d   h e r e i n a f t e r ,   forms  a 

w a t e r - p h a s e   ( c o n t a i n i n g   a romat ic   s e l e c t i v e   s o l v e n t )   and 

a  f i n a l   a romat ic   p roduc t .   The  w a t e r - p h a s e s   f rom 

e x t r a c t o r s   38  and  39  c o n t a i n   p r i m a r i l y   water  and  s m a l l  

amounts  of  a romat ic   s e l e c t i v e   s o l v e n t   t ha t   was  d i s s o l v e d  

or  e n t r a i n e d   in  the  a r o m a t i c - r i c h   e x t r a c t   and 

r a f f i n a t e .   The  combined  w a t e r - p h a s e s   a r e  r e c y c l e d   t o  

d e c a n t a t i o n   tank  (zone)  34  via  l ine   44,  as  needed,   i f '  

water  is  the  s e l e c t e d   a n t i - s o l v e n t .  

It  should  be  po in t ed   out  t h a t   the  terms  " p h a s e "  

and  "product"   are  named  a f t e r   t h e i r   main  c o m p o n e n t s ,  

which  is  p r e s e n t   in  the  phase  in  an  amount  of  at  l e a s t  

50%  by  weight  and  in  most  cases   in  an  amount  of  80%  by 

weight  or  h igher .   The  a r o m a t i c - r i c h   s o l v e n t   p h a s e ,  

c o n t a i n i n g   p r i m a r i l y   a romat ic   s e l e c t i v e   s o l v e n t   and  

a romat ic   h y d r o c a r b o n s ,   l eaves   the  bottom  of  e x t r a c t i o n  

column  24  via  l ine   28  and  heat   exchanger   30  where  i t   i s  

cooled  with  a romat ic   s e l e c t i v e   s o l v e n t   in  l ine   48.  The 

a r o m a t i c - r i c h   s o l v e n t   phase  is  f u r t h e r   cooled  to  p r o m o t e  

two  phase  f o r m a t i o n ,   if  n e c e s s a r y ,   in  cooler   32.  

Recycled  a romat ic   s e l e c t i v e   s o l v e n t   and  a n t i - s o l v e n t ,  

when  water  is  the  s e l e c t e d   a n t i - s o l v e n t ,   are  i n t r o d u c e d  

via  l ine   44  to  d e c a n t a t i o n   tank  (zone)  34.  Thus,  t h e  

s o l v e n t   con t a ined   in  l ine   44  is  r e t u r n e d   to  t h e  

process . .   The  a n t i - s o l v e n t   is  p r e f e r a b l y   added  to  t h e  

a r o m a t i c - r i c h   s o l v e n t   phase  p r io r   to  d e c a n t a t i o n   t a n k  

(zone)  34  to  f u r t h e r   promote  phase  f o r m a t i o n ,   e .g .   at  46 



of  the  drawing,   in  the  d e c a n t a t i o n   zone  a l though   t h e  

a n t i - s o l v e n t   may  be  added  d i r e c t l y   to  d e c a n t a t i o n   t a n k  

( z o n e )   34  if  d e s i r e d .   The  a n t i - s o l v e n t   in  t h e  

s o l v e n t / a n t i - s o l v e n t   mixture   of  l ine   44  reduces   t h e  

s o l u b i l i t y   of  the  a romat ic   hydrocarbon  in  the  a r o m a t i c  

s e l e c t i v e   so lven t   to  a ' d e g r e e   not  o b t a i n a b l e   by  s i m p l e  

coo l ing   of  the  a r o m a t i c - r i c h   s o l v e n t   phase.   The 

a n t i - s o l v e n t   is  p r e s e n t   in  d e c a n t a t i o n   tank  (zone)  34  a t  

a  c o n c e n t r a t i o n   of  from  about  0.5%  to  about  25.0%  by 

weight ,   based  on  the  weight  of  a roma t i c s   and  s o l v e n t   i n  

d e c a n t a t i o n   tank  (zone)  34,  p r e f e r a b l y   from  about  0.5% 

to  15.0%  by  weight  and  most  p r e f e r a b l y   from  about  5%  t o  

about .10 .0%  by  weight .   The  p resence   of  the  a n t i - s o l v e n t  

d e c r e a s e s   the  s o l u b i l i t y   of  the  a romat ic   in  the  s o l v e n t  

such  t h a t   t y p i c a l l y   l ess   than  about  2%  weight  p e r c e n t  

a romat ic   and  o f ten   l ess   than  about  1%  weight  p e r c e n t ,  

l eaves   d e c a n t a t i o n  t a n k   34  via  l ine   48. 

The  a r o m a t i c - r i c h   e x t r a c t   phase  of  d e c a n t a t i o n  

tank  (zone)  34  e x i t s   via  l ine   36  to  w a t e r - e x t r a c t i o n  

column  38'where  it   is  c o n t a c t e d   with  water  ( p r e f e r a b l y  

water  de r i ved   from  the  removal  of  water  from  the  s o l v e n t /  

a n t i - s o l v e n t   mixture)   from  the  s o l v e n t   phase  o f  

d e c a n t a t i o n   t a n k  ( z o n e )   34.  Th is   e x t r a c t i o n   with  w a t e r  

removes  e x t r a i n e d   and  d i s s o l v e d   so lven t   from  t h e  

a r o m a t i c - r i c h   e x t r a c t   p h a s e .  

The  s o l v e n t   phase  of  d e c a n t a t i o n   tank  (zone)  34 

passes   via  l ine   48  through  pump  50  to  heat   exchanger   30 

wherein  it   heat  exchanges  with  hot  a r o m a t i c - r i c h   s o l v e n t  

of  l ine   28  p r io r   to  i n t r o d u c t i o n   to  d i s t i l l a t i o n   c o l u m n  



(zone)  52.  If  f u r t h e r   hea t ing   of  the  so lven t   in  l ine   48 

is  d e s i r e d   an  a d d i t i o n a l   h e a t - e x c h a n g e r   (not  shown)  may 

be  p rovided   to  allow  heat   exchange  between  the  s o l v e n t  

phase  of  l ine   48  and  the  so lven t   of  l ine   57.  Such 

a d d i t i o n a l   h e a t - e x c h a n g e r   would  also  serve  to  cool  t h e  

so lven t   in  l ine   57,  if  n e c e s s a r y .   The  use  of  a 

d i s t i l l a t i o n   zone  in  the   i n s t a n t  e m b o d i m e n t   is  n o t  

intended,  to  be  l i m i t i n g   s ince   any  means  for  d e c r e a s i n g  

the  c o n c e n t r a t i o n   of  the  a n t i - s o l v e n t   in  t h e  

a r o m a t i c - s e l e c t i v e   s o l v e n t   may  be  employed.  The  use  o f  

a  d i s t i l l a t i o n   zone  is  p r e f e r r e d   when  the  a n t i - s o l v e n t  

i s  w a t e r   s ince   the  steam  g e n e r a t e d   t h e r e i n   may  be 

a d v a n t a g e o u s l y   and  e conomica l l y   employed  in  t h i s   a n d / o r  

o t h e r   p r o c e s s e s   (not  shown) .  

When  water  is  the  s e l e c t e d   a n t i - s o l v e n t   t h e  

s o l v e n t   phase  in  l i ne   48  is  i n t r o d u c e d   to  d i s t i l l a t i o n  

zone  52  wherein  water  is  d i s t i l l e d ,   p r e f e r a b l y   u n d e r  

p r e s s u r e ,   and  removed  as  steam  via  l ine   54.  Steam  i n  

l ine   54  is  heat  exchanged  at  22  with  the  mixed- 

hydrocarbon  feed  a f t e r   which  the  steam  may  be  c o n d e n s e d  

by  coole r   62 ,  and   the  water  condensa t e   may  be  employed 

in  e x t r a c t o r s   38  and  39.  A l t e r n a t i v e l y ,   the  s t e a m  

leav ing   h e a t  e x c h a n g e r   22  may  be  a d v a n t a g e o u s l y   employed  

in  t h i s   or  other   p r o c e s s e s   (not  shown).  Heat  e x c h a n g e  

at  22  may  r e s u l t   in  the  c o n d e n s a t i o n   of  small  amounts  o f  

a romat ic   s e l e c t i v e   s o l v e n t   p r e s e n t   in  the  s t e a m  

( i n c i d a t e d   at  22  by  a  dashed  a r row) .   This  s o l v e n t   c a n  

be  r ecyc l ed   to  e x t r a c t i o n   column  24  by  compining  t h e  

so lven t   with  the  s o l v e n t   from  l ine   57  from  d i s t i l l a t i o n  



zone  52  (not  shown).  By  such  use  of  said  p rocess   s t e am 

the  heat  input   to  the  p rocess   may  be  m i n i m i z e d .  

As  above  d i s c u s s e d   a l t e r n a t i v e   schemes  may  be 

s u b s t i t u t e d   for  t ha t   a b o v e - d e s c r i b e d   for  the  removal  o f  

the  a n t i - s o l v e n t ,   depending  on  the  s e l e c t i o n   of  t h e  

a n t i - s o l v e n t .   The  above  d e s c r i b e d   scheme  i s  

p a r t i c u l a r l y   advan tageous   in  terms  of  the  r e d u c t i o n   i n  

energy  r e q u i r e d   to  ca r ry   out  the  i n s t a n t   p r o c e s s .   For  

example,  the  a b o v e - d e s c r i b e d   e x t r a c t i o n - d e c a n t a t i o n  

p rocess   r e s u l t s   in  a  r e d u c t i o n   in  energy  r e q u i r e m e n t s  

for  the  d e a r o m a t i z a t i o n ,   as  compared  to  c o n v e n t i o n a l  

d e a r o m a t i z a t i o n   p r o c e s s e s ,   by  as  much  as  50  p e r c e n t   t o  

about  80  p e r c e n t . .   . 

The  t o t a l   water  in  the  system  can  be   e a s i l y  

de te rmined   because  the  amount  of  water  i n t r o d u c e d   at  46 

to  d e c a n t a t i o n   tank  (zone)  34  can  be  c o n t r o l l e d .  

Allowances  must  be  made  for  water  l o s se s   through  l e a k a g e  

and  upse ts   so  as  to  ma in t a in   the  amount  of  water  ( t h e  

s e l e c t e d   a n t i - s o l v e n t )   p r e s e n t   in  d e c a n t a t i o n   t a n k  

(zone)  34  at  from  about  0.5  to  about  25.0  p e r c e n t   by 

weight   and  most  p r e f e r a b l y   from  about  5.0  to  about  1 0 . 0  

p e r c e n t .  

In  c a r r y i n g   out  examples  2  to  21  the  p r o c e s s  

d e p i c t e d   in  Figure  2  was  employed  wherein  c e r t a i n  

f e a t u r e s   d i s c u s s e d   in  r e f e r e n c e   to  Figure  1  were  n o t  

employed.  The  mixed  hydrocarbon   feed  was  i n t r o d u c e d   i n  

l ine   70  from  a n  e x t e r n a l   feed  source  (not  shown)  and  was 

heated  in  hea te r   72.  The  heated  feed  then  p a s s e d  

through  l ine   74  to  e x t r a c t i o n   column  (zone)  76.  



Aromatic  s e l e c t i v e   s o l v e n t   was  i n t r o d u c e d   near  the  t o p  

of  e x t r a c t i o n   column  76  via  l ine   104  a f t e r   hea t ing   i n  

hea te r   105.  The  a romat ic   s e l e c t i v e   so lven t   p e r c o l a t e s -  

the  down  column  76  removing  a roma t i c s   from  t h e  

hydrocarbon  feed,  forming  r a f f i n a t e   and  an  a romat ic   r i c h .  

so lven t   phase  ( h e r e i n a f t e r   d e s i g n a t e d   RS  as  the  p h a s e  

for  r i c h - s o l v e n t ) .   The  r a f f i n a t e   c o n t a i n i n g   p r i m a r i l y  

n o n - a r o m a t i c s ,   e x i t s   the  top  of  column  76  via  l ine   78 

and  is  c o l l e c t e d   as  r a f f i n a t e   p roduc t .   The  v i s c o s i t y  

index  of  the  r a f f i n a t e   p roduc t   is  then  measured  by 

measuring  the  r e f r a c t i v e   index  of  the  r a f f i n a t e .   at  60°C 

as  h e r e i n b e f o r e   d i s c u s s e d .  

The  RS  phase  in  l ine   80,  c o n t a i n i n g   p r i m a r i l y  

a romat ic   s e l e c t i v e   s o l v e n t   and  a r o m a t i c . h y d r o c a r b o n s ,   i s  

cooled  in  heat  exchanger  82  ( g e n e r a l l y   compr is ing   one  o r  

more  cold  water  heat   exchanger  in  s e r i e s )   and  is  i n t r o -  

duced  to  mixer  86.  Mixer  86  may  be  an  en la rged   segment  

of  the  tubing  employed  to  feed  the  c o n t e n t s   of  l i n e s   84 

and  86  to  l ine   88  for  i n t r o d u c t i o n   to  d e c a n t a t i o n   zone  

90  or  a  c o n v e n t i o n a l   mixing  means.  Mixer  86  h e r e i n  

comprises   a  mechanica l   magnet ic   s t i r r e r .   A n t i - s o l v e n t  

(in  the  i n s t a n t   examples  water  is  the  a n t i - s o l v e n t )   i s  

i n t r o d u c e d   via  l ine   102  and  the  RS  phase  and  t h e  

a n t i - s o l v e n t   are  mixed  and  i n t r o d u c e d   to  d e c a n t a t i o n  

zone  90.  In  t h i s   embodiment  the  d e c a n t a t i o n   zone  may  be 

a  d e c a n t a t i o n   tank  or  a  f i b r o u s   bed  c o a l e s c e r   a s  

h e r e i n b e f o r e   d e s c r i b e d .   In  a d d i t i o n ,   i t   may  be  d e s i r a b l e  

to  employ  a  f i l t e r   in  l ine   88  (not  shown),  e . g . ,   a n  i n  

l ine   co t ton   f i l t e r ,   to  remove  s o l i d s   p r e s e n t   in  t h e  



phase  in  l ine   88.  This  is  e s p e c i a l l y   d e s i r a b l e   when  a 

f i b r o u s   bed  c o a l e s c e r   is  employed  and  such  a  f i l t e r   was 

g e n e r a l l y   employed  he r e in   when  a  f ib rous   bed  e o a l e s c e r  w a s  

employed.  Tne  a n t i - s o l v e n t   may  be  added  to  d e c a n t a t i o n  

zone  90  d i r e c t l y   if  d e s i r e d ,   i . e . ,   l ine  102  may 

a l t e r n a t i v e l y   be  i n t r o d u c e d   to  d e c a n t a t i o n   zone  90 

a l though   such  is  not  p r e f e r r e d .   As  a f o r e m e n t i o n e d ,   t h e  

a d d i t i o n ' o f   the  a n t i - s o l v e n t  r e d u c e s   the  s o l u b i l i t y   o f  

the  a romat ic   hydrocarbon  in  the  a romat ic   s e l e c t i v e  

s o l v e n t   such  tha t   an  a r o m a t i c - r i c h   e x t r a c t   phase  i s  

formed  and  a  s o l v e n t   phase  is  formed  c o n t a i n i n g  

p r e d o m i n a n t l y   so lven t   and  a n t i - s o l v e n t   ( h e r e i n a f t e r  

r e f e r r e d   to  as  the  wet  LS  (lean  s o l v e n t )  p h a s e .  

The  a r o m a t i c - r i c h   e x t r a c t   phase  of  d e c a n t a t i o n  

zone  90  l eaves   d e c a n t a t i o n   zone  90  through  l ine   92.  

The  wet  LS  phase  of  d e c a n t a t i o n   zone  90  l e a v e s  

the  d e c a n t a i o n   zone  via  l ine   94  and  was  i n t r o d u c e d   t o  

water  s t r i p p e r   96  wherein  some  p o r t i o n   of  the  water  ( t h e  

s e l e c t e d   a n t i - s o l v e n t   he re in )   in  the  wet  LS  phase  was 

removed,  condensed  in  water  condenser   98  and  i n t r o d u c e d  

to  water  accumula to r   100.  Water,  employed  as  t h e  

a n t i - s o l v e n t ,   is  i n t r o d u c e d   via  l ine   102,  as  r e q u i r e d   t o  

provide  the  d e s i r e d   c o n c e n t r a t i o n   of  w a t e r  

( a n t i - s o l v e n t )   in  d e c a n t a t i o n   zone  90.  Solvent   e x i t s  

water  s t r i p p e r   96  ( h e r e i n a f t e r   r e f e r r e d   to  as  the  dry  LS 

(lean  so lven t )   phase  via  l ine   104  and  is  i n t r o d u c e d   t o  

e x t r a c t o r   zone  7 6 . a f t e r   hea t ing   in  hea te r   105  a s  

h e r e i n b e f o r e   d i s c u s s e d .   The  dry  LS  phase  c o n t a i n s   some 

r e s i d u a l   water  and  may  con t a in   up  to  about  5  p e r c e n t   by 



weight  water  or  h i g h e r .   T y p i c a l l y   l ess   than  about  4 

pe rcen t   by  weight  water  is  p r e s e n t   in  the  dry  LS  p h a s e .  

As  h e r e i n b e f o r e   d i s c u s s e d ,   a  small   amount  of  o i l   i s  

p r e s e n t   in  the  dry  LS  p h a s e .  

The  fo l lowing   examples  are  p rovided   t o  

i l l u s t r a t e   the  i n v e n t i o n   and  are  not  to  be  c o n s t r u e d   a s  

l i m i t i n g   such  in  any  way. 



EXAMPLES  1 

The  a b o v e - d e s c r i b e d   p r o c e s s ,   a cco rd ing   t o  

Figure  1,  is  employed  for  the  d e a r o m a t i z a t i o n   of  a  c r u d e  

l u b r i c a t i n g   o i l   f e e d s t o c k   having  a  v i s c o s i t y   index  o f  

about  74  (as  de te rmined   by  ASTM  Method  D2270-75).  The 

v i s c o s i t y   index  is  a  measure  of  the  amount  of  a r o m a t i c  

hydrocarbon   p r e s e n t   in  the  nonaromat i c   h y d r o c a r b o n .   The 

amount  of  a romat ic   hydrocarbon   p r e s e n t   in  t h e  

nonaromat ic   hydrocarbon  d e c r e a s e s   with  i n c r e a s i n g  

v i s c o s i t y   index.  Thus,  a  v i s c o s i t y   index  for  t h e  

r a f f i n a t e   product   g r e a t e r   than  74  i n d i c a t e s   t h a t  

d e a r o m a t i z a t i o n   has  o c c u r r e d .  

The  a r o m a t i c - s e l e c t i v e   s o l v e n t   is  t r i e t h y l e n e  

g lyco l   and  the  a n t i - s o l v e n t   is  water .   The  t e m p e r a t u r e  

in  the  e x t r a c t i o n   zone  is  about  200°C..   and  t h e  

t e m p e r a t u r e   in  the  d e c a n t a t i o n   zone  is  about  140°C.  The 

a n t i - s o l v e n t   is  p r e s e n t   in  the  d e c a n t a t i o n   zone  in  an  

amount  from  about  5 . 0  p e r c e n t   to  about  8:0  p e r c e n t   by 

weight .   The  s o l v e n t   to  feed  r a t i o   in  the  e x t r a c t i o n  

zone  is  about  6  to  1.  

The  r a f f i n a t e   p roduc t   has  a  v i s c o s i t y   index  o f  

about  101  with  the  r a f f i n a t e   compr i s ing   about  80  t o  

abou t ' 85   pe rcen t   by  weight  o f  t h e   crude  l u b r i c a t i n g   o i l  

f e e d s t o c k .  



EXAMPLES  2-4 

The  p rocess   as  d e p i c t e d   in  Figure  2  was  c a r r i e d  

out  accord ing   to  the  Expe r imen ta l   Procedure   and  t h e  

above  d e s c r i p t i o n   of  Figure   2  except   tha t   t h e  

d e c a n t a t i o n   zone  comprised  a  d e c a n t a t i o n   tank  w i t h  

b a f f l e s   to  improve  phase  s e p a r a t i o n .   Table  1  se t s   f o r t h  

the  r e s u l t s   of  examples  2  to  4.  The  feed  employed  i n  

examples  2  to  4 was  an  u n r e f i n e d   l u b r i c a t i n g   o i l  

c o n t a i n i n g   p r e d o m i n a t e l y   C15  to  C27  p a r a f f i n   and 

a romat ic   compounds.  The  v i s c o s i t y   indexes   r e p o r t e d   i n  

Table  I  for  the  hydrocarbon   feed  and  r a f f i n a t e   p r o d u c t  

are  for  feed  and  r a f f i n a t e   which  are  not  dewaxed.  The 

'  r a f f i n a t e   p roduc t   y i e l d   is  based  on  the  waxy  r a f f i n a t e  

p r o d u c t .  





Examples  5  to  21 

Examples  5  to  21  were  c a r r i e d   out  accord ing   t o  

the  p rocess   d e p i c t e d   in  Figure   2  and  the  above  d e s c r i b e d  

Exper imen ta l   P rocedure .   The  mixed  hydrocarbon  f e e d  

exployed  in  examples  5  to  21  was  a  l u b r i c a t i n g   o i l  

f eeds tock   compr i s ing   a  l i g h t   p a r a f f i n   d i s t i l l a t e   h a v i n g  

v i s c o s i t y . i n d e x e s   as  r e p o r t e d   in  Table  I I .   The  r e s u l t s  

of  examples  5  to  21  are  set   fo r th   in  Table  II .   The 

v i s c o s i t y   indexes   r e p o r t e d   in  Table  II  for  the  feed  and 

r a f f i n a t e   p roduc t   are  for  feed  and  r a f f i n a t e   p r o d u c t  

which  are  not  dewaxed.  R a f f i n a t e   y i e ld   is  based  on  t h e  

waxy  r a f f i n a t e   p r o d u c t .  









1.  A  p rocess   for  the  d e a r o m a t i z a t i o n   of  a 

mixed  hydrocarbon  feed  c h a r a c t e r i s e d   by  the  f o l l o w i n g  

s t e p s :  

(a)  c o n t a c t i n g   said  feed  in  an  e x t r a c t i o n  

zone  at  a  t e m p e r a t u r e   of  at  l e a s t   about  150°C  with  an 

a romat ic   s e l e c t i v e   s o l v e n t   to  p rovide   an  a r o m a t i c - r i c h  

s o l v e n t   phase  c o n t a i n i n g   a romat ic   hydrocarbons   and 

a romat ic   s e l e c t i v e   s o l v e n t   and  a  r a f f i n a t e   c o n t a i n i n g  

nonaromat ic   h y d r o c a r b o n s ;  

(b)  coo l ing   said  a r o m a t i c - r i c h   s o l v e n t  

phase  to  br ing  about  the  fo rmat ion   of  two  p h a s e s ;  

(c)  i n t r o d u c i n g   said  phases  of  the  c o o l e d  

a r o m a t i c - r i c h   s o l v e n t   phase  to  a  d e c a n t a t i o n   zone  and 

i n t r o d u c i n g   t h e r e w i t h   from  about  0.5  to  about  2 5 . 0  

p e r c e n t   by  weight  of  a n - a n t i - s o l v e n t   for  said  a r o m a t i c  

hydroca rbons   i n - s a i d   a romat ic   s e l e c t i v e - s o l v e n t   t o  

provide   an  a r o m a t i c - r i c h   e x t r a c t   phase  c o n t a i n i n g  

p r i m a r i l y   a romat ic   hydrocarbons   and  a  s o l v e n t   p h a s e  

c o n t a i n i n g   p r i m a r i l y   a romat ic   s e l e c t i v e   s o l v e n t   and 

a n t i - s o l v e n t ;  

(d)  removing  a n t i - s o l v e n t   from  s a i d  

s o l v e n t   phase  and  r e c y c l i n g   said  s o l v e n t   phase  to  t h e  

e x t r a c t i o n   zone  of  s tep  (a);  and 

(e)  r e c o v e r i n g  a s   p roduc t s   t h e  

a r o m a t i c - r i c h   e x t r a c t   phase  of  s tep  (c)  and  t h e  

r a f f i n a t e   of  s tep  ( a ) ;  



2.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   1,  c h a r a c t e r i s e d   i n  

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

g r o u p   c o n s i s t i n g   of  p o l y a l k y l e n e   g l y c o l s   and  m i x t u r e s  

t h e r e o f .  

3.  A  p r o c e s s   as  c l a i m e d  i n   c l a i m   2,  c h a r a c t e r i s e d   i n  

t h a t   t h e   a r o m a t i c   s e l e c t i v e   s o l v e n t   i s   t r i e t h y l e n e   g l y c o l .  

4 .   A  p r o c e s s   as  c l a i m e d   i n   a n y  o n e   of   t h e   p r e c e d i n g  

c l a i m s   c h a r a c t e r i s e d   i n   t h a t   t h e   a n t i - s o l v e n t   i n   s t e p  
( c )   i s   e m p l o y e d   i n   an  a m o u n t   f r o m   a b o u t   0 . 5   t o  a b o u t  

1 5 . 0   p e r c e n t   by  w e i g h t .  

5.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   4,   c h a r a c t e r i s e d   i n  

t h a t   t h e   a n t i - s o l v e n t   i n   s t e p   ( c )   i s   e m p l o y e d   i n   a n  

a m o u n t   f r o m   a b o u t   5 . 0   to   a b o u t   1 0 . 0   p e r c e n t   by  w e i g h t .  

6.  A  p r o c e s s   as  c l a i m e d   i n   a n y  o n e   of   t h e   p r e c e d i n g  

c l a i m s ,  c h a r a c t e r i s e d   i n   t h a t   t h e   a n t i - s o l v e n t   i s   w a t e r .  

7.  A  p r o c e s s   as   c l a i m e d   i n   any   one  of   t h e   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i s e d ' i n   t h a t   t h e   t e m p e r a t u r e   i n   t h e  

e x t r a c t i o n   zone   i s   f r o m   a b o u t   1 5 0 ° C   to   a b o u t   2 . 7 5 ° C .  

8.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m  7 ,   c h a r a c t e r i s e d   i n  

t h a t   t h e   t e m p e r a t u r e   i n   t h e   e x t r a c t i o n   zone   i s   f r o m   a b o u t  

1 7 0 ° C   t o   a b o u t   2 5 0 ° C .  

9.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   8,  c h a r a c t e r i s e d   i n  

t h a t   t h e   t e m p e r a t u r e   of  t h e   e x t r a c t i o n   z o n e   i s   f r o m   a b o u t  
2 0 0 ° C   t o  a b o u t   2 4 0 ° C .  

1 0 .   A  p r o c e s s   as  c l a i m e d   i n   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i s e d   i n   t h a t   t h e   t e m p e r a t u r e   i n   t h e  

d e c a n t a t i o n   zone   i s   f r o m   a b o u t   2 5 ° C .   to   a b o u t   1 5 0 ° C .  

1 1 .   A  p r o c e s s   as  c l a i m e d   i n   c l a i m   '10,  c h a r a c t e r i s e d  

in   t h a t   t h e   t e m p e r a t u r e   in   t h e   d e c a n t a t i o n   zone   i s  
t o   a b o u t   1 0 0 ° C .  

1 2 .   A ' p r o c e s s   as  c l a i m e d   i n   c l a i m   11 ,   c h a r a c t e r i s e d  

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

f r o m   a b o u t   25°C  to   a b o u t   1 0 0 ° C .  



13 .   A  p r o c e s s   as  c l a i m e d   i n   a n y  o n e   of  t h e   p r e c e d i n g  

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

f e e d   i n   t h e   e x t r a c t i o n   zone   of  s t e p   (a)   i s   i n   t h e   r a n g e  
of  a b o u t   4  t o   a b o u t   12  p a r t s   by   w e i g h t   of   s o l v e n t   t o  

one  p a r t  b y  w e i g h t   of  f e e d .  

14 .   A  p r o c e s s   as  c l a i m e d   i n   a n y   one  of   t h e   p r e c e d i n g  

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

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

r i c h   e x t r a c t   of  s t e p   ( e )  w i t h   w a t e r   to   f o r m   two  w a t e r  

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

s o l v e n t .  

15 .   A  p r o c e s s   as  c l a i m e d   i n   c l a i m   14 ,   c h a r a c t e r i s e d  

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

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

r e c y c l i n g   s a i d   s o l v e n t   to   s t e p   ( c ) .  

16 .   A  p r o c e s s   as  c l a i m e d   i n   a n y  o n e   of   t h e   p r e c e d i n g '  

c l a i m s   f o r   t h e   d e a r o m a t i z a t i o n   of   a  m i x e d   h y d r o c a r b o n  

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

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

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

f r o m   a b o u t   1 5 0 ° C   to   a b o u t   275°C   i n   an  e x t r a c t i o n   z o n e  

w i t h   t r i e t h y l e n e  g l y c o l   to   p r o v i d e   an  a r o m a t i c - r i c h  

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

and  t r i e t h y l e n e   g l y c o l   and  a  r a f f i n a t e   c o n t a i n i n g  

p r i m a r i l y   n o n a r o m a t i c   h y d r o c a r b o n s ;  

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

b r i n g   a b o u t   t h e   f o r m a t i o n   of  two  p h a s e s ;  
( c )   i n t r o d u c i n g   s a i d   p h a s e s   of  t h e   c o o l e d  

a r o m a t i c - r i c h   s o l v e n t   p h a s e   to   a  d e c a n t a t i o n   z o n e  a t   a .  

t e m p e r a t u r e   of  f r o m   a b o u t   25°C  to   a b o u t   70°C  and   i n t r o -  

d u c i n g   t h e r e w i t h   f r o m   a b o u t   0 . 5   t o   a b o u t   2 5 0 0   p e r c e n t  

by  w e i g h t   w a t e r   to   p r o v i d e   an  a r o m a t i c - r i c h   e x t r a c t  

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

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



and   w a t e r ;  

(d)   d i s t i l l i n g   w a t e r   f r o m   t h e   t r i e t h y l e n e  

g l y c o l ;  

( e )   r e c y c l i n g   t h e   t r i e t h y l e n e   g l y c o l   of   s t e p  

(d )   t o   s t e p   ( a ) ;  

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

( a )   and  t h e   a r o m a t i c - r i c h   e x t r a c t   of  s t e p   ( c )   w i t h   w a t e r  

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

t r i e t h y l e n e   g l y c o l ;  

(g)   c o m b i n i n g   t h e   w a t e r   p h a s e s   of   s t e p   ( f ) ;  

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

w a t e r   p h a s e   of  s t e p   (g)   to   s t e p   ( c ) ;   a n d  

( i )   r e c o v e r i n g   t h e   a r o m a t i c - r i c h   e x t r a c t   a n d  

r a f f i n a t e   of  s t e p   ( f ) .  

17 .   A  p r o c e s s   as  c l a i m e d   i n   a n y  o n e   of   t h e   p r e c e d i n g  

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

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

p h a s e   of   s t e p   ( c ) .  

18 .   P r o d u c t   of   a  p r o c e s s   as  c l a i m e d   i n   a n y  o n e   of   t h e  

p r e c e d i n g   c l a i m s .  
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