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(54)  Recovery  of  aromatic  hydrocarbons  and  a  non-aromatic  raffinate  stream  from  a  hydrocarbon  charge  stock. 
@  Aromatic  hydrocarbons  and  a  non-aromatic  raffinate 
stream  are  recovered  in  high  purity  from  a  hyrocarbon  charge 
stock  by  a  process  in  which  the  hydrocarbon  charge  stock  is 
treated  with  an  aromatic-selective  solvent  to  provide  an 
aromatics-rich solvent stream  (1)  and  a  non-aromatic  raffinate 
stream  (27),  the  aromatics-rich  solvent  stream  is  treated  in  a 
stripper  column  (2)  at  conditions  to  separate  substantially  all 
of the  non-aromatic  hydrocarbons  therefrom  (7),  the  resulting 
rich  solvent  stream  (12)  is  subjected  to  steam  stripping  (13) 
following  by  separation  (17)  to  provide  a  high  purity  aroma- 
tics  stream  (19)  and  an  aqueous  stream  (20)  comprising  the 
steam  condensate  and  residual  aromatics,  this  aqueous 
stream  (20)  is  treated  with  a  minor  portion  (28)  of  the  non- 
aromatic  raffinate  (27)  to  remove  the  residual  aromatics,  the 
resulting  aqueous  stream  (29)  is  utilized  to  wash  the  remain- 
der  of  the  raffinate  (27)  free  of  solvent,  and  the  resulting 
raffinate  stream  (31)  is  recovered  substantially  free  of  aroma- 
tics. 





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  t he   s o l v e n t   e x t r a c -  

t i o n   of  a r o m a t i c   h y d r o c a r b o n s   f rom  a  h y d r o c a r b o n   c h a r g e  

s t o c k .   More  p a r t i c u l a r l y ,   i t   p r o v i d e s   an  i m p r o v e m e n t  

in  the   a q u e o u s   e x t r a c t i o n   of  s o l v e n t s   f rom  a  n o n - a r o m a t i c  

r a f f i n a t e   p r o d u c e d   by  t he   s o l v e n t   e x t r a c t i o n   of  a r o m a t i c s  

f rom  a  h y d r o c a r b o n   c h a r g e   s t o c k .  

I t   i s   w e l l   known  in   t h e   a r t   t h a t   t h e   r a f f i n a t e   w h i c h  

l e a v e s   t he   e x t r a c t i o n   zone  of  an  a r o m a t i c   h y d r o c a r b o n  

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

t a i n e d   in   t h e   r a f f i n a t e   s t r e a m   mus t   be  r e c o v e r e d ,   n o t  

o n l y   b e c a u s e   i t   may  i n t e r f e r e   w i t h   t he   s u b s e q u e n t   p r o c e s s -  

ing   or  use   of  t h e   r a f f i n a t e ,   bu t   p r i m a r i l y   b e c a u s e   a  

c o n t i n u o u s   l o s s   of  s o l v e n t   is   a  p r o h i b i t i v e   e x p e n s e   t o  

t he   a r o m a t i c   e x t r a c t i o n   p r o c e s s .   R e c o v e r y   of  t h e   s o l v e n t  

f rom  the   r a f f i n a t e   s t r e a m   has   t y p i c a l l y   been   a c c o m p l i s h e d  

by  d i s t i l l a t i o n   of  t h e   r a f f i n a t e   o r ,   more  p r e f e r a b l y ,  

by  a  s e c o n d a r y   s o l v e n t   e x t r a c t i o n   p r o c e s s ,   s u c h   as  w a t e r  

w a s h i n g   of  t he   r a f f i n a t e   s t r e a m .  

A  t y p i c a l   a r o m a t i c s - s e l e c t i v e   s o l v e n t  w h i c h   i s   u t i l -  

i z e d   in   c o m m e r c i a l   a r o m a t i c   e x t r a c t i o n   p r o c e s s e s   a n d  

w h i c h   can   be  r e c o v e r e d   by  t h e   u se   of  t h i s   i n v e n t i o n ,  

i s   t e t r a h y d r o t h i o p h e n e - 1 , 1 -  d i o x i d e ,   commonly   r e f e r r e d  

to  as  s u l f o l a n e .   A l s o   e m p l o y e d   a r e   s u l f o l a n e   d e r i v a t i v e s  

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

whe re   R 1 ,  R 2 ,   R a n d   R   a re   i n d e p e n d e n t l y   s e l e c t e d   f r o m  

h y d r o g e n ,   a l k y l   r a d i c a l s   of  a b o u t   1  to  a b o u t   10  c a r b o n  

a t o m s ,   a r a l k y l   r a d i c a l s   of  a b o u t   7  to  a b o u t   12  c a r b o n  



a t o m s ,   and  a l k o x y   r a d i c a l s   of  a b o u t   1  to  a b o u t   8  c a r b o n  

a t o m s .   O t h e r   s o l v e n t s   w h i c h   may  be  u s e d   a r e   t he   s u l f o -  

l e n e s ,   s u c h   as  2 - s u l f o l e n e   or   3 - s u l f o l e n e   w h i c h   h a v e  

t he   f o l l o w i n g   s t r u c t u r e s :  

O t h e r   t y p i c a l   s o l v e n t s   w h i c h   have   a  h i g h   s e l e c t i v i t y  

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

and  w h i c h   may  be  u s e d   f o r   t h e   e x t r a c t i o n   p r o c e s s   of  t h e  

p r e s e n t   i n v e n t i o n   i n c l u d e   2 - m e t h y l s u l f o l a n e ,   2 , 4 - d i m e t h y l -  

s u l f o l a n e ,   m e t h y l - 2 - s u l f o n y l   e t h e r ,   N - a r y l - 3 - s u l f o n y l -  

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

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

p r o p y l e n e   g l y c o l s ,   d i m e t h y l - s u l f o x i d e   and  N - m e t h y l  

p y r r o l i d o n e .  

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

is   u s e d   f o r   t h e   e x t r a c t i o n   p r o c e s s   of  t he   p r e s e n t   i n v e n -  

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

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

c e s s   c o m p r i s e s   a  m i x t u r e   of  w a t e r   and  one  or   more   o f  

t h e   a r o m a t i c s - s e l e c t i v e   s o l v e n t s   s u c h   as  a r e   h e r e i n   m e n -  
t i o n e d .   A  p a r t i c u l a r l y   p r e f e r r e d   s o l v e n t   c o m p o s i t i o n  

c o m p r i s e s   w a t e r   and  s u l f o l a n e .   In  e x t r a c t i n g   a r o m a t i c  

h y d r o c a r b o n s   f rom  t he   h y d r o c a r b o n   m i x t u r e ,   i t   i s   k n o w n  

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

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



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

n i t r o g e n - c o n t a i n i n g   h y d r o c a r b o n s ,   o x y g e n - c o n t a i n i n g   h y d r o -  

c a r b o n s   and  a r o m a t i c   h y d r o c a r b o n s .   I t   i s   t h e   p r a c t i c e  

to  r e g u l a t e   t h e   s o l u b i l i t y   of  the   h y d r o c a r b o n s   w i t h i n  

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

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

t h e   s o l u b i l i t y   of  a l l   c o m p o n e n t s   in  t he   h y d r o c a r b o n   m i x -  

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

c o m p o n e n t s   ( s e l e c t i v i t y )   is   i n c r e a s e d .   The  n e t   e f f e c t  

i s   to  d e c r e a s e   t h e   n u m b e r   of  c o n t a c t i n g   s t a g e s   r e q u i r e d  

to   a c h i e v e   a  g i v e n   p u r i t y   of  a r o m a t i c   e x t r a c t ,   or  t o  

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

when  t he   number   of  c o n t a c t i n g   s t a g e s   i s   h e l d   c o n s t a n t .  

The  p r e s e n c e   of  w a t e r   in   t he   s o l v e n t   c o m p o s i t i o n  

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

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

t i o n   s y s t e m   w h e r e i n   t h e   a r o m a t i c   e x t r a c t   i s   s e p a r a t e d  
f rom  t he   r i c h   s o l v e n t   c o m p o s i t i o n .   The  w a t e r   of  t h e  

s o l v e n t   c o m p o s i t i o n   i s   v a p o r i z e d ,   a t   l e a s t   in   p a r t ,   t o  

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

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

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

t h e   a r o m a t i c   e x t r a c t   o u t   of  t he   f i n a l   l e a n   s o l v e n t .  

I t   i s ,   t h e r e f o r e ,   common  p r a c t i c e   f o r   t h e   s o l v e n t  

c o m p o s i t i o n   to  c o n t a i n   f rom  a b o u t   0.1%  to   a b o u t   20%  b y  

w e i g h t   of  w a t e r .   When  t h e   s o l v e n t   c o m p o s i t i o n   c o m p r i s e s  

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

c o n t a i n   f rom  a b o u t   0.1%  to  a b o u t   1.0%  of  w a t e r ,   w h i l e  

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

p r e f e r a b l y   c o n t a i n s   f rom  a b o u t   6%  to  15%  of   w a t e r .  

In  an  a r o m a t i c   e x t r a c t i o n   p r o c e s s   t y p i c a l  o f   t h e  

p r e s e n t   i n v e n t i o n ,   t h e   h y d r o c a r b o n   c h a r g e   s t o c k   i s   t r e a t e d  

i n  a n   e x t r a c t i o n   z o n e ,   w h i c h   may  c o m p r i s e   a  t o w e r   o r  

c o l u m n   s u i t a b l y   p a c k e d   w i t h   B e r l   s a d d l e s ,   R a s c h i g   r i n g s  



or  t h e   l i k e ,   or   a  c o l u m n   c o n t a i n i n g   s u i t a b l e   t r a y s   o r  

b a f f l e s ,   or  a  r o t a t i n g   d i s c   c o n t a c t o r   (RDC).  The  h y d r o -  

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

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

a r o m a t i c   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   c o m p o s i -  

t i o n .   The  r i c h   s o l v e n t   c o m p o s i t i o n   i s   r e c o v e r e d   f r o m  

t h e   e x t r a c t i o n   zone   and  p a s s e d   to  a  s e p a r a t i o n   z o n e ,  
w h i c h   w i l l   g e n e r a l l y   c o m p r i s e   one  or  more   f r a c t i o n a t i o n  

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

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

m a t i c   e x t r a c t   and  a  r e s u l t i n g   l e a n   s o l v e n t   c o m p o s i t i o n .  

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

to  t h e   e x t r a c t i o n   zone   to  p r o v i d e   a  n o n - a r o m a t i c   h y d r o -  

c a r b o n   r e f l u x   t h e r e i n .   B e c a u s e   t h e   s o l v e n t s   c o m m o n l y  

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

a t   e l e v a t e d   t e m p e r a t u r e s ,   i t   is   a  common  p r a c t i c e   t o  

r e c o v e r   t h e   a r o m a t i c   e x t r a c t   t h e r e f r o m   w i t h   t h e   a i d   o f  

s t e a m   s t r i p p i n g  -   t h e   a r o m a t i c   e x t r a c t   b e i n g   s u b s e q u e n t l y  

s e p a r a t e d   f rom  t h e   s t e a m   c o n d e n s a t e   and  p a s s e d   to   a  f r a c -  

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

q u e n t l y   u t i l i z e d   to   w a t e r - w a s h   the   f i r s t m e n t i o n e d   n o n -  

a r o m a t i c   r a f f i n a t e   f o r   t h e   e x t r a c t i o n   and  r e c o v e r y   o f  

t h e   r e s i d u a l   s o l v e n t   c o n t a i n e d   t h e r e i n .  

The  a r o m a t i c   e x t r a c t i o n   p r o c e s s   w h i c h   has  b e e n  

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

in   U S - A - 3 , 3 6 1 , 6 6 4   w h e r e i n   t h e   s o l v e n t   c o m p o s i t i o n   c o m -  

p r i s e s   s u l f o l a n e   and   w a t e r .   A  t y p i c a l   a r o m a t i c   e x t r a c t i o n  

p r o c e s s   w h e r e i n   t h e   s o l v e n t   c o m p o s i t i o n   c o m p r i s e s   p o l y -  

a l k y l e n e   g l y c o l   and   w a t e r   i s   d i s c l o s e d   i n   U S - A - 2 , 7 7 3 , 9 1 8 .  

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

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

t i o n s   f o r   t h e   a r o m a t i c   e x t r a c t i o n   zone   w h i c h   p r o d u c e s  

a  n o n - a r o m a t i c   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 ,  

and  f o r   t he   s u b s e q u e n t   s e p a r a t i o n   zone  w h e r e i n   t he   r i c h  

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



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

s o l v e n t .  

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

w h i c h   l e a v e s   t he   e x t r a c t i o n   zone  w i l l   c o n t a i n   some  s o l -  

v e n t .   The  s o l v e n t   may  be  p r e s e n t   in  the   r a f f i n a t e   p a r t l y  

as  a  s o l u b l e   c o n s t i t u e n t   in  low  c o n c e n t r a t i o n   and  p a r t l y  

as  an  e n t r a i n e d   d i s p e r s i o n   of  f r e e   s o l v e n t   p h a s e   d u e  

to  t he   t u r b u l e n c e   w i t h i n   t he   e x t r a c t i o n   z o n e .   B e c a u s e  

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

a r o m a t i c   e x t r a c t i o n   a r e   w a t e r - s o l u b l e ,   i t   i s   t he   p r a c t i c e  

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

a r o m a t i c   r a f f i n a t e   s t r e a m   by  c o n t a c t i n g   t h i s   r a f f i n a t e  

s t r e a m   w i t h   an  a q u e o u s   s t r e a m   in  a  s u b s e q u e n t   e x t r a c t i o n  

m e a n s .   The  e x t r a c t i o n   of  t h e   s o l v e n t   f rom  t he   r a f f i n a t e  

w i t h   w a t e r   may  be  u n d e r t a k e n   in   any  s u i t a b l e   l i q u i d - l i q u i d  

c o n t a c t i n g   means   s u c h   as  in   a  t o w e r   c o n t a i n i n g   s u i t a b l e  

p a c k i n g   s u c h   as  B e r l   s a d d l e s   or  R a s c h i g   r i n g s ,   or   i n  

a  t o w e r   c o n t a i n i n g   s u i t a b l e   t r a y   d e v i c e s ,   or  in   a  r o t a t i n g  

d i s c   c o n t a c t o r   ( R D C ) .  

The  r a f f i n a t e   w h i c h   t h e n   l e a v e s   the   a q u e o u s   e x t r a c -  

t i o n   z o n e ,   or  w a t e r - w a s h   z o n e ,   w i l l   be  s u b s t a n t i a l l y  

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

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

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

some  c a s e s   s u c h   use   is   p r e c l u d e d   b e c a u s e   of  c o n t a m i n a t i n g  

a m o u n t s   of  a r o m a t i c s   c o n t a i n e d   t h e r e i n .   One  s u c h   p r e -  
c l u d e d   u s e   i s   in   t he   s o l v e n t   e x t r a c t i o n   of  v e g e t a b l e  

o i l s .  

The  c o n t a m i n a t i n g   a m o u n t s   of  a r o m a t i c s   w h i c h   o c c u r  

in   t he   n o n - a r o m a t i c   r a f f i n a t e   a r e   d e r i v e d   f rom  t he   a q u e o u s  

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

s o l v e n t   f rom  s a i d   r a f f i n a t e .   In  t h e   i n t e r e s t s   of  w a t e r  

c o n s e r v a t i o n ,   t h e   a q u e o u s   e x t r a c t a n t   s t r e a m   has   b e e n  

p r o v i d e d   f rom  the   a f o r e m e n t i o n e d   s t r i p p i n g   s t e a m   c o n d e n -  



s a t e   r e c o v e r e d   f rom  the   a r o m a t i c   e x t r a c t .   Th i s   s t r i p p i n g  

s t e a m   c o n d e n s a t e ,   f rom  w h i c h   s u b s t a n t i a l l y   a l l   of  t h e  

a r o m a t i c   e x t r a c t   has   been   s e p a r a t e d ,   w i l l   t y p i c a l l y   r e t a i n  

f rom  a b o u t   300  to  a b o u t   400  ppm.  a r o m a t i c s ,   w h i c h   a r e  

s u b j e c t   to   t r a n s f e r   i n t o   t h e   n o n - a r o m a t i c   r a f f i n a t e   i n  

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

f r o m .  

I t   i s   t h e r e f o r e   an  o b j e c t   of  t h i s   i n v e n t i o n   to   p r e -  
s e n t   an  i m p r o v e d   p r o c e s s   f o r   t h e   s o l v e n t   e x t r a c t i o n   o f  

a r o m a t i c   h y d r o c a r b o n s   f rom  a  h y d r o c a r b o n   c h a r g e   s t o c k ,  
and  f o r   t h e   r e c o v e r y   of  a  h i g h   p u r i t y   n o n - a r o m a t i c   r a f f i n -  

a t e .   I t   i s   a  f u r t h e r   and  more  s p e c i f i c   o b j e c t   to  p r o v i d e  

an  i m p r o v e d   p r o c e s s   f o r   t h e   a q u e o u s   e x t r a c t i o n   of  s o l v e n t  

f rom  a  n o n - a r o m a t i c   r a f f i n a t e   p r o d u c e d   by  t h e   s o l v e n t  

e x t r a c t i o n   of  a r o m a t i c s   f rom  a  h y d r o c a r b o n   c h a r g e   s t o c k  

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

We  h a v e   f o u n d   t h a t   t h e   o b j e c t i v e s   of  t h i s   i n v e n t i o n  

can   be  a c h i e v e d   by  p r e t r e a t i n g   t h e   r e s i d u a l   a r o m a t i c s -  

c o n t a i n i n g   s t e a m   c o n d e n s a t e   r e c o v e r e d   f rom  t h e   a r o m a t i c  

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

a r o m a t i c   r a f f i n a t e   s t r e a m   b e f o r e   s a i d   c o n d e n s a t e   i s   u t i l -  

i z e d   as  an  a q u e o u s   e x t r a c t a n t   to   r e c o v e r   s o l v e n t   f r o m  

s a i d   p r i n c i p a l   r a f f i n a t e   s t r e a m .   In  t h i s   m a r m e r ,   o n l y  

a  s m a l l   a m o u n t   of  t h e   r a f f i n a t e   w i l l   e x t r a c t   t :le  r e s i d u a l  

a r o m a t i c s   f rom  t h e   s t e a m   c o n d e n s a t e  -   a r o m a t i c s   w h i c h  

w o u l d   o t h e r w i s e   be  e x t r a c t e d   by  t h e   p r i n c i p a l   r a f f i n a t e  

s t r e a m   to  i m p a i r   i t s   u s e ,   f o r   e x a m p l e   as  a  t i g h   p u r i t y  

s o l v e n t .  

Thus  t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  p r o c e s s   f o r  

t h e   r e c o v e r y   of  a r o m a t i c   h y d r o c a r b o n s   and  a  w o n - a r o m a t i c  

r a f f i n a t e   s t r e a m   f rom  a  h y d r o c a r b o n   c h a r g e   s t o c k   w h i c h  

c o m p r i s e s   t r e a t i n g   t he   c h a r g e   s t o c k   in   ar  e x t r a c t i o n  

zone   in   c o n t a c t   w i t h   an  a r o m a t i c s - s e l e c t i v e   s c l v e n t   c o m p o -  
s i t i o n   a t   c o n d i t i o n s   to  p r o v i d e   an  a r o m a t i c s - r i c h   s o l v e n t  



s t r e a m   and  a  f i r s t   r a f f i n a t e   s t r e a m   c o m p r i s i n g   n o n -  

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

t he   a r o m a t i c s - r i c h   s o l v e n t   s t r e a m   in   a  f i r s t   s e p a r a t i o n  

zone  a t   c o n d i t i o n s   to  s e p a r a t e   s u b s t a n t i a l l y   a l l   of  t h e  

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

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

s e p a r a t i o n   zone   in   c o n t a c t   w i t h   s t r i p p i n g   s t e a m   at   c o n -  

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

f i r s t   a q u e o u s   s t r e a m   c o m p r i s i n g   s t e a m   c o n d e n s a t e   a n d  

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

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

v e n t   s t r e a m   to  t h e   e x t r a c t i o n   z o n e ;   t r e a t i n g   the   r e s i d u a l  

a r o m a t i c s - c o n t a i n i n g   f i r s t   a q u e o u s   s t r e a m   in  a  f i r s t  

c o n t a c t i n g   zone   in   c o n t a c t   w i t h   a  m i n o r   p o r t i o n   of  t h e  

f i r s t   r a f f i n a t e   s t r e a m   at   c o n d i t i o n s   to  p r o v i d e   a  s e c o n d  

a q u e o u s   s t r e a m   s u b s t a n t i a l l y   f r e e   f rom  a r o m a t i c   h y d r o -  

c a r b o n s ,   and  an  a r o m a t i c s - c o n t a i n i n g   s e c o n d   r a f f i n a t e  

s t r e a m ;   r e t u r n i n g   t h e   s e c o n d   r a f f i n a t e   s t r e a m   to  t h e  

e x t r a c t i o n   z o n e ;   t r e a t i n g   t h e   r e m a i n i n g   p o r t i o n   of  t h e  

f i r s t   r a f f i n a t e   s t r e a m   in   a  s e c o n d   c o n t a c t i n g   zone  i n  

c o n t a c t   w i t h   t h e   s e c o n d   a q u e o u s   s t r e a m   a t   c o n d i t i o n s  

to.  p r o v i d e   a  s o l v e n t - c o n t a i n i n g   a q u e o u s   s t r e a m   and  a  

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

c a r b o n s   and  f rom  s o l v e n t   c o m p o s i t i o n ;   and  r e c o v e r i n g  

t he   a r o m a t i c s - f r e e   r a f f i n a t e   s t r e a m .  

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

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

i n v e n t i o n   e x c l u d i n g   t he   e x t r a c t i o n   zone   and  i s   n o t  

i n t e n d e d   as  a  l i m i t a t i o n   on  t h e   g e n e r a l l y   b r o a d   s c o p e  
of  t h e   i n v e n t i o n   as  s e t   o u t   in   t h e   a p p e n d e d   c l a i m s .  

The  o p e r a t i o n   of  t h e   s y s t e m   shown  in   t h e   d r a w i n g   w i l l  

now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to  one  p a r t i c u l a r   e x a m p l e  

of  a  r u n .  

In  t h i s   e x a m p l e   a  d e p e n t a n i z e d   c a t a l y t i c   r e f o r m a t e  

i s   f i r s t   r e r u n   to   r emove   t h e   h i g h   b o i l i n g   f r a c t i o n .  



The  r e r u n   p r o d u c t   i s   t h e n   s o l v e n t - e x t r a c t e d   to  p r o d u c e  

a  n i t r a t i o n - g r a d e   a r o m a t i c s   f r a c t i o n   c o n s i s t i n g   of  b e n -  

z e n e ,   t o l u e n e   and  x y l e n e s ,   and  a  r a f f i n a t e   c o m p r i s i n g  

C6-C8  p a r a f f i n s   and  s u b s t a n t i a l l y   f r e e   of  a r o m a t i c s .  

The  r e r u n   f e e d s t o c k   i s   i n i t i a l l y   c h a r g e d   to   a  p r i m a r y  
a r o m a t i c s   e x t r a c t i o n   z o n e ,   n o t   shown  in  t he   d r a w i n g ,  

a t   a  r a t e   of  a b o u t   8730  b . p . s . d .   (1390  m3  p . s . d . ) ,   o r  

1 0 6 3 . 6   l b - m o l s / h r   ( 4 8 2 . 4 4   k  m o l / h r ) ,   and  in   t h i s   z o n e  
t he   f e e d   i s   c o n t a c t e d   w i t h   a  s u l f o l a n e   s o l v e n t   c o m p o s i -  

t i o n .   A  n o n - a r o m a t i c   r a f f i n a t e   s t r e a m   is   p r o d u c e d   a t  

a  r a t e   of   a b o u t   4365  b . s . p . d .   (690  m 3  p . s . d . ) ,   or  4 7 0 . 8  

l b - m o l s / h r   ( 2 1 3 . 6   k  m o l s / h r ) ,   and  an  a r o m a t i c s - r i c h   s o l -  

v e n t   i s   r e c o v e r e d   a t   a  r a t e   to  p r o v i d e   a b o u t   1 1 9 1 . 9   l b -  

mols   ( 5 4 0 . 6   k  m o l s )   of  h y d r o c a r b o n   e x t r a c t   p e r   h o u r .  

R e f e r r i n g   now  to  t h e   d r a w i n g ,   t h e   r i c h   s o l v e n t   s t r e a m  

f rom  t h e   p r i m a r y   a r o m a t i c s   e x t r a c t i o n   zone   e n t e r s   v i a  

l i n e   1.  T h i s   r i c h   s o l v e n t   s t r e a m   f u r n i s h e s   a b o u t   1 1 9 1 . 9  

mols   ( 5 4 0 . 6   k  m o l s )   of   h y d r o c a r b o n   e x t r a c t   p e r   h o u r ,  

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

The  r i c h   s o l v e n t   s t r e a m   f rom  l i n e   1  e n t e r s   a  s o l v e n t  

s t r i p p e r   c o l u m n   2  a t   a  t e m p e r a t u r e   of  a b o u t   245°F   ( 1 1 8 ° C ) ,  

and  a t   a  p r e s s u r e   of  a b o u t   5  p s i g   (34  kPa  g a u g e ) .   T h e  

s o l v e n t   s t r i p p e r   c o l u m n   2  i s   o p e r a t e d   a t   c o n d i t i o n s   t o  

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

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

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

t h r o u g h   l i n e   3  a t   a  r a t e   of   a b o u t   6 5 9 . 1   m o l s / h r   ( 2 9 9 . 0  

k  m o l s / h r ) ,   a t   a  t e m p e r a t u r e   of  a b o u t   265°F   ( 1 2 9 ° C ) ,  

and  a t   a  p r e s s u r e   of  a b o u t   5  p s i g   (34  kPa  g a u g e ) .   T h i s  

o v e r h e a d   v a p o r   s t r e a m   i s   c o o l e d   to   a b o u t   120°F   ( 4 9 ° C )  

in  a  c o n d e n s e r   4,  and  t h e n   p a s s e d   v i a   l i n e   5  i n t o   a  p h a s e  

s e p a r a t o r   6  m a i n t a i n e d   a t   s u b s t a n t i a l l y   a t m o s p h e r i c   p r e s -  

s u r e   c o n d i t i o n s .   The  v a p o r   c o n d e n s a t e   i s   s e t t l e d   i n  

t he   p h a s e   s e p a r a t o r   6  to   p r o v i d e   an  a q u e o u s   p h a s e   a n d  

a  h y d r o c a r b o n   p h a s e .   The  h y d r o c a r b o n   p h a s e ,   c o m p r i s i n g  

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



way  of  l i n e   7  a t   a  r a t e   of  a b o u t   5 9 2 . 1   m o l s / h r   ( 2 6 9 . 6  

k  m o l s / h r )   and  a t   a  t e m p e r a t u r e   of  a b o u t   120°F   ( 4 9 ° C ) .  

T h i s   h y d r o c a r b o n   s t r e a m   is   t y p i c a l l y   r e c y c l e d   to  t h e  

p r i m a r y   a r o m a t i c s   e x t r a c t i o n   z o n e ,   no t   shown,   to  p r o v i d e  

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

e r e d   f rom  t h e   p h a s e   s e p a r a t o r   6  c o m p r i s e s   a  p o r t i o n   o f  

the   w a t e r   v a p o r i z e d   f rom  t h e   s u l f o l a n e - w a t e r   c o m p o s i t i o n  

on  e n t e r i n g   t h e   s o l v e n t   s t r i p p e r   c o l u m n   2.  T h i s   a q u e o u s  

p h a s e   i s   r e c o v e r e d   f rom  t h e   p h a s e   s e p a r a t o r   6  v i a   l i n e  

8  a t   a  r a t e   of  a b o u t   67  m o l s / h r   (30  k  m o l s / h r ) ,   and  s a i d  

a q u e o u s   p h a s e   i s   f u r t h e r   p r o c e s s e d   in  t he   m a n n e r   h e r e i n -  

a f t e r   d e s c r i b e d .  

As  t h e   r i c h   s o l v e n t   p a s s e s   down  t he   s o l v e n t   s t r i p p e r  
c o l u m n   2,  i t s   t e m p e r a t u r e   i s   i n c r e a s e d   by  t h e   r i s i n g  

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

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

c a r b o n s   a r e   r e m o v e d   f rom  t h e   r i c h   s o l v e n t .   An  a r o m a t i c s -  

r i c h   s o l v e n t   s t r e a m   is   w i t h d r a w n   f rom  t he   b o t t o m   of  t h e  

s o l v e n t   s t r i p p e r   c o l u m n   2  by  way  of  l i n e   9  a t   a  t e m p e r a -  

t u r e   of  a b o u t   300°F  ( 1 4 9 ° C ) .   T h i s   a r o m a t i c s - r i c h   s o l v e n t  

s t r e a m   e n t e r s   a  r e b o i l e r   10  w h e r e i n   t he   t e m p e r a t u r e   i s  

i n c r e a s e d   to   a b o u t   350°F  ( 1 8 0 ° C ) .   The  r e s u l t i n g   h o t  

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

b o t t o m   of  t h e   s o l v e n t   s t r i p p e r   c o l u m n   2  v i a   l i n e   11  a t  

a b o u t   10  p s i g   (70  kPa  g a u g e ) .  

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

an  a r o m a t i c s - r i c h   s o l v e n t   l e a v e s   t he   b o t t o m   of  t h e   s o l v e n t  

s t r i p p e r   c o l u m n   2  by  way  of   l i n e   12  a t   a  t e m p e r a t u r e  

of  a p p r o x i m a t e l y   350°F   ( 1 8 0 ° C ) .   T h i s   a r o m a t i c s - r i c h  

s o l v e n t   s t r e a m   has   been   r e n d e r e d   s u b s t a n t i a l l y   f r e e   o f  

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

t he   s o l v e n t   s t r i p p e r   co lumn   2  i s   o p e r a t e d .   The  a r o m a t i c s -  

r i c h   s o l v e n t   s t r e a m   is   now  t r a n s f e r r e d   t h r o u g h   l i n e   12  

i n t o   an  e x t r a c t   r e c o v e r y   c o l u m n   13  a t   a  t e m p e r a t u r e   o f  

a b o u t   325°F   ( 1 6 3 ° C )   and  a t   a  p r e s s u r e   of  a b o u t   300  mm 



Hg  a b s o l u t e   (40  kPa  a b s o l u t e ) .   T h i s   a r o m a t i c s - r i c h   s o l -  

v e n t   s t r e a m   c o n t a i n s   a b o u t   5 9 9 . 8   m o l s / h r   ( 2 7 2 . 1   k  m o l s / h r )  

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

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

w a t e r .  

The  e x t r a c t   r e c o v e r y   c o l u m n   13  i s   o p e r a t e d   a t   c o n d i -  

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

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

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

t h e   e x t r a c t   r e c o v e r y   c o l u m n   13  by  way  of  l i n e   14  a t   a  

t e m p e r a t u r e   of  a b o u t   180°F   ( 8 2 ° C )   and  a t   a  p r e s s u r e   o f  

a p p r o x i m a t e l y   300  mm  Hg  a b s o l u t e   (40  kPa  a b s o l u t e ) .  

T h i s   h o t   v a p o r   s t r e a m   e n t e r s   c o n d e n s e r   15  and  i s   c o o l e d  

t h e r e i n   to   a  t e m p e r a t u r e   of  a b o u t   100°F   (38°C)   b e f o r e  

e n t e r i n g   r e c e i v e r   17  v i a   l i n e   16.  The  r e s u l t i n g   c o n d e n -  

s a t e   i s   s e p a r a t e d   i n   s a i d   r e c e i v e r   17  i n t o   an  a r o m a t i c  

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

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

r e c o v e r y   c o l u m n   13.  A  f i r s t   p o r t i o n   of  t h e   h y d r o c a r b o n  

p h a s e   i s   w i t h d r a w n   from  t h e   r e c e i v e r   17  v i a   l i n e   18  a n d  

i s   r e t u r n e d   to   t h e   e x t r a c t   r e c o v e r y   c o l u m n   13  as  r e f l u x .  

A  s e c o n d   p o r t i o n   of  t h e   h y d r o c a r b o n   p h a s e   i s   w i t h d r a w n  

t h r o u g h   l i n e   19  a t   a  r a t e   of   a b o u t   6 0 2 . 8   m o l s / h r   ( 2 7 3 . 4  

k  m o l s / h r ) .   T h i s   p o r t i o n   of   t h e   h y d r o c a r b o n   p h a s e   c o m -  

p r i s e s   a b o u t -   5 9 9 . 8   m o l s / h r   ( 2 7 2 . 1   k  m o l s / h r )   of   h i g h  

p u r i t y   a r o m a t i c s   and  3  m o l s / h r   ( 1 . 4   k  m o l s / h r )   o f  

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

s e t t l e s   o u t   i n   t h e   r e c e i v e r   17  c o n t a i n s   a b o u t   400  ppm 
r e s i d u a l   a r o m a t i c   h y d r o c a r b o n s .   T h i s   a q u e o u s   p h a s e ,  

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

t h r o u g h   l i n e   20  a t   a  r a t e   of   a b o u t   6 2 1 . 9   m o l s / h r   ( 2 8 2 . 1  

k  m o l s / h r )   and  c h a r g e d   to  an  a r o m a t i c s   e x t r a c t o r   c o l u m n  

2 1 .  

R e f e r r i n g   b a c k   to  t he   e x t r a c t   r e c o v e r y   c o l u m n   1 3 ,  

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



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

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

h y d r o c a r b o n s   a r e   s t r i p p e d   f rom  the   s o l v e n t .   A  r e s u l t i n g  

l e a n   s o l v e n t   l e a v e s   t he   b o t t o m   of  the   e x t r a c t   r e c o v e r y  
c o l u m n   13  v i a   l i n e   22  a t   a  t e m p e r a t u r e   of  a b o u t   3 2 5 ° F  

( 1 6 3 ° C ) .   A  c o m b i n e d   a q u e o u s   s t r e a m   c o m p r i s i n g   w a t e r ,  

s u l f o l a n e ,   and  a  s m a l l   a m o u n t   of  n o n - a r o m a t i c   h y d r o c a r b o n  

e n t e r s   l i n e   22  v i a   l i n e   8  and  l i n e   23  from  t he   a f o r e m e n -  

t i o n e d   p h a s e   s e p a r a t o r   6,  and  v i a   l i n e   23  f rom  a  s o u r c e  

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

s t r e a m   p a s s e s   i n t o   r e b o i l e r   24  w h e r e i n   i t   i s   h e a t e d   t o  

a b o u t   335°F   ( 1 6 8 ° C ) .   The  r e s u l t i n g   r e b o i l e r   v a p o r   a n d  

l i q u i d   m i x t u r e   l e a v e s   t h e   r e b o i l e r   24  t h r o u g h   l i n e   25  

and  e n t e r s   t h e   b o t t o m   of  t h e   e x r a c t   r e c o v e r y   c o l u m n   1 3 .  

A  n e t   l e a n   s o l v e n t   l e a v e s   t he   e x t r a c t   r e c o v e r y   c o l u m n  

13  v i a   l i n e   26  a t   a  t e m p e r a t u r e   of  a b o u t   325°F   ( 1 6 3 ° C )  

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

e x t r a c t i o n   z o n e ,   w h i c h   i s   n o t   s h o w n .  

The  a q u e o u s   p h a s e   r e c o v e r e d   from  the   r e c e i v e r   17 

and  c h a r g e d   to  the   a r o m a t i c s   e x t r a c t o r   c o l u m n   21  by  w a y  
of  l i n e   20  i s   c o n t a c t e d   t h e r e i n   w i t h   a  p o r t i o n   of  t h e  

n o n - a r o m a t i c   r a f f i n a t e   s t r e a m   r e c o v e r e d   f rom  t h e   a f o r e m e n -  

t i o n e d   p r i m a r y   a r o m a t i c s   e x t r a c t i o n   z o n e .   The  n o n -  

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

e x t r a c t i o n   zone   and  e n t e r s   t h e   s y s t e m   shown  in  t h e   d r a w i n g  

at   a  r a t e   of  a b o u t   4 7 0 . 8   m o l s / h r   ( 2 1 3 . 6   k  m o l s / h r )   v i a  

l i n e   27.  A  s m a l l   p o r t i o n   of  t he   r a f f i n a t e   s t r e a m ,   a b o u t  

2 3 . 5   m o l s / h r   ( 1 0 . 7   k  m o l s / h r ) ,   i s   d i v e r t e d   t h r o u g h   l i n e  

28  and  e n t e r s   t he   l o w e r   p o r t i o n   of  t he   a r o m a t i c s   e x t r a c t o r  

c o l u m n   21.  C o n t a c t   is   e f f e c t e d   in   s a i d   c o l u m n   a t   a  t e m -  

p e r a t u r e   of  a b o u t   100°F  ( 3 8 ° C )   and  at   a  p r e s s u r e   of  a b o u t  

60  p s i g   (400  kPa  g a u g e ) ,   s a i d   c o l u m n   c o m p r i s i n g   a  r o t a t i n g  

d i s c   c o n t a c t o r   u n i t   or  o t h e r   s u i t a b l e   m i x e r - s e t t l e r  

d e v i c e .   In  t he   a r o m a t i c s   e x t r a c t o r   c o l u m n   21,  t he   n o n -  

a r o m a t i c   c o m p o n e n t   of  t he   r a f f i n a t e   s t r e a m   c h a r g e d   t h e r e t o  



e x t r a c t s   s u b s t a n t i a l l y   a l l   of   t he   a r o m a t i c   c o m p o n e n t  

of  t h e   a q u e o u s   p h a s e   c h a r g e d   t h e r e t o   v i a   l i n e   20.  T h e  

r e s u l t i n g   a q u e o u s   p h a s e ,   c o n t a i n i n g   l e s s   t h a n   a b o u t   1 0 0  

ppm  a r o m a t i c s ,   i s   t h e n   w i t h d r a w n   f rom  the   b o t t o m   of   t h e  

a r o m a t i c s   e x t r a c t o r   c o l u m n   21  v i a   l i n e   29  and  e n t e r s  

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

30.  An  o v e r h e a d   s t r e a m   i s   r e c o v e r e d   f rom  s a i d   c o l u m n  

21  v i a   l i n e   32  a t   a  r a t e   of   a b o u t   2 3 . 5   m o l s / h r   ( 1 0 . 7  

k  m o l s / h r )   and   c o m b i n e d   w i t h   t h e   a f o r e m e n t i o n e d   l e a n  

s o l v e n t   s t r e a m   in   l i n e   26  to   be  r e t u r n e d   to  t h e   p r i m a r y  

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

The  r a f f i n a t e   c o n t i n u i n g   t h r o u g h   l i n e   27  to   t h e  

r a f f i n a t e   w a t e r - w a s h   c o l u m n   30  c o m p r i s e s   a b o u t   4 4 0 . 6  

m o l s / h r   ( 1 9 9 . 8   k  m o l s / h r )   of   h y d r o c a r b o n   and  6 .6   m o l s / h r  

( 3 . 0   k  m o l s / h r )   of   s u l f o l a n e   s o l v e n t ,   and  t h i s   r a f f i n a t e  

e n t e r s   s a i d   c o l u m n   a t   a  t e m p e r a t u r e   of  a b o u t   100°F   ( 3 8 ° C ) ,  

and  a t   a  p r e s s u r e   of  a b o u t   60  p s i g   (400  kPa  g a u g e ) .  

The  r a f f i n a t e   i s   w a t e r - w a s h e d   in   t h e   w a t e r - w a s h   c o l u m n  

30  w i t h   a b o u t   6 2 1 . 9   m o l s / h r   ( 2 8 2 . 1   k  m o l s / h r )   of   1 0 0 ° F  

( 3 8 ° C )   w a t e r   e n t e r i n g   t h e   t o p   of   s a i d   c o l u m n   f rom  l i n e  

29,  s a i d   w a t e r   h a v i n g   b e e n   p r e t r e a t e d   in   t h e   m a n n e r   h e r e -  

t o f o r e   d e s c r i b e d   to  c o n t a i n   l e s s   t h a n   a b o u t   100  ppm  a r o -  

m a t i c   h y d r o c a r b o n s .   The  r a f f i n a t e ,   w h i c h   i s   now  s u b s t a n -  

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

c o l u m n   30  b y  w a y   of   l i n e   31  a t   a  r a t e   of  a b o u t   4 4 0 . 1 8  

m o l s / h r   ( 1 9 9 . 6 6   k  m o l s / h r ) ,   a t   a  t e m p e r a t u r e   of  a b o u t  

100°F   ( 3 8 ° C ) ,   and  a t   a  p r e s s u r e   of  a b o u t   30  p s i g   ( 2 0 0  

kPa  g a u g e ) .   T h i s   r a f f i n a t e   s t r e a m   i s   s e n t   f o r   f u r t h e r  

p r o c e s s i n g   a t   a  r a t e   of   a b o u t   4320  b . p . s . d .   ( 6 9 0  
m3  p . s . d . ) .  

An  a q u e o u s   s t r e a m   l e a v e s   t h e   r a f f i n a t e   w a t e r - w a s h  

c o l u m n   30  a t   a  r a t e   of  a b o u t   6 2 8 . 9 7   m o l s / h r   ( 2 8 5 . 3 0   k  

m o l s / h r )   and   a t   a  t e m p e r a t u r e   of   a b o u t   100°F   ( 3 8 ° C ) .  

T h i s   s t r e a m   c o m p r i s e s   6 2 1 . 9   m o l s / h r   ( 2 8 2 . 1   k  m o l s / h r )  

of  w a t e r ,   7 . 0   m o l s / h r   ( 3 . 2   k  m o l s / h r )   of  s u l f o l a n e   s o l -  



v e n t ,   and  0 . 0 7   m o l s / h r   ( 0 . 0 3 2   k  m o l s / h r )   of  n o n - a r o m a t i c  

r a f f i n a t e .   T h i s   a q u e o u s   s t r e a m   is   t r a n s f e r r e d   v i a   l i n e  

23  and  c o m b i n e d   w i t h   the   l e a n   s o l v e n t   in  l i n e   22  as  h e r e -  

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

r e c o v e r y   c o l u m n   1 3 .  

I t   mus t   be  r e a l i s e d   t h a t   t he   o p e r a t i n g   c o n d i t i o n s  

w h i c h   h a v e   been   g i v e n   in   the   f o r e g o i n g   e x a m p l e   a r e   s p e c i -  

f i c   to  t h a t   e x a m p l e   and  s h o u l d   n o t   be  c o n s t r u e d   as  a  

l i m i t a t i o n   upon   the   o p e r a t i o n   of  t he   p r e s e n t   i n v e n t i o n .  

T h o s e  s k i l l e d   in   t he   a r t   may  r e a d i l y   a s c e r t a i n   t h o s e   p a r -  
t i c u l a r   o p e r a t i n g   c o n d i t i o n s   w h i c h   may  be  r e q u i r e d   i n  

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

r a f f i n a t e   and  a r o m a t i c   e x t r a c t   f o r   any  g i v e n   c o m p o s i t i o n  
of  h y d r o c a r b o n   c h a r g e   s t o c k .   B r o a d   o p e r a t i n g   c o n d i t i o n s  

f o r   o p e r a t i o n   of  t he   p r i m a r y   a r o m a t i c s   e x t r a c t i o n   z o n e  

and  f o r   t h e   o p e r a t i o n   of  t he   r i c h  s o l v e n t   s e p a r a t i o n  

zone  may  be  f o u n d   in   t he   U.S .   p a t e n t s   w h i c h   have   b e e n  

c i t e d   h e r e i n a b o v e   or  in  o t h e r   w e l l   known  p u b l i c a t i o n s .  

Those   s k i l l e d   in   the   a r t   s i m i l a r l y   a r e   a b l e   t o  s e l e c t  

the   o p e r a t i n g   c o n d i t i o n s   w h i c h   may  be  r e q u i r e d   in  t h e  

s u b s e q u e n t   a r o m a t i c   f r a c t i o n a t i n g   c o l u m n s   u t i l i z e d   i n  

the   t y p i c a l   f r a c t i o n a t i n g   t r a i n   f o r   t h e   a r o m a t i c   e x t r a c t .  



1.  A  p r o c e s s   f o r   t he   r e c o v e r y   of  a r o m a t i c   h y d r o -  

c a r b o n s   and  a  n o n - a r o m a t i c   r a f f i n a t e   s t r e a m   f rom  a  h y d r o -  

c a r b o n   c h a r g e   s t o c k   w h i c h   c o m p r i s e s :  

(a)  t r e a t i n g   t h e   c h a r g e   s t o c k   in   an  e x t r a c t i o n   z o n e  

in   c o n t a c t   w i t h   an  a r o m a t i c s - s e l e c t i v e   s o l v e n t   c o m p o s i t i o n  

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

(1)  and  a  f i r s t   r a f f i n a t e   s t r e a m   (27)   c o m p r i s i n g   n o n -  

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

(b)  t r e a t i n g   t h e   a r o m a t i c s - r i c h   s o l v e n t   s t r e a m   ( 1 )  

in   a  f i r s t   s e p a r a t i o n   zone   (2)  a t   c o n d i t i o n s   to  s e p a r a t e  

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

f rom  ( 3 ) ;  

(c)   t r e a t i n g   t h e   r e s u l t i n g   a r o m a t i c s - r i c h   s o l v e n t  

s t r e a m   (12)   in   a  s e c o n d   s e p a r a t i o n   zone   (13 ,   17)  in   c o n -  

t a c t   w i t h   s t r i p p i n g   s t e a m   (23)   a t   c o n d i t i o n s   to  p r o v i d e  

a  h i g h   p u r i t y   a r o m a t i c s   s t r e a m   ( 1 9 ) ,   a  f i r s t   a q u e o u s  
s t r e a m   (20)   c o m p r i s i n g   s t e a m   c o n d e n s a t e   and  r e s i d u a l  

a r o m a t i c s   and   a  l e a n   s o l v e n t   s t r e a m   (26)   s u b s t a n t i a l l y  

f r e e   f rom  a r o m a t i c   h y d r o c a r b o n s ;  

(d)  r e t u r n i n g   t he   l e a n   s o l v e n t   s t r e a m   (26)  to  t h e  

e x t r a c t i o n   z o n e ;   a n d  

(e)  u t i l i z i n g   t h e   r e s i d u a l   a r o m a t i c s - c o n t a i n i n g  

f i r s t   a q u e o u s   s t r e a m   (20)   to   w a t e r - w a s h   t h e   f i r s t   r a f f i n -  

a t e   s t r e a m   ( 2 7 ) ,  

c h a r a c t e r i s e d   in   t h a t   s t e p   (e)   i s   c a r r i e d   ou t   b y  

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

a q u e o u s   s t r e a m   (20)   in   a  f i r s t   c o n t a c t i n g   zone   (21)   i n  

c o n t a c t   w i t h   a  m i n o r   p o r t i o n   (28)   of   t h e   f i r s t   r a f f i n a t e  

s t r e a m   (27)   a t   c o n d i t i o n s   to   p r o v i d e   a  s e c o n d   a q u e o u s  

s t r e a m   (29)   s u b s t a n t i a l l y   f r e e   f rom  a r o m a t i c   h y d r o c a r b o n s  

and  an  a r o m a t i c s - c o n t a i n i n g   s e c o n d   r a f f i n a t e   s t r e a m   ( 3 2 ) ;  

( i i )   r e t u r n i n g   t h e   s e c o n d   r a f f i n a t e   s t r e a m   (32)   t o  

t h e   e x t r a c t i o n   z o n e ;  



( i i i )   t r e a t i n g   the   r e m a i n i n g   p o r t i o n   of  t he   f i r s t  

r a f f i n a t e   s t r e a m   (27)   in  a  s e c o n d   c o n t a c t i n g   zone  ( 3 0 )  

in  c o n t a c t   w i t h   t he   s e c o n d   a q u e o u s   s t r e a m   (29)  a t   c o n d i -  

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

(23)  and  a  r a f f i n a t e   s t r e a m   (31)  s u b s t a n t i a l l y   f r e e   f r o m  

a r o m a t i c   h y d r o c a r b o n s   and  f rom  s o l v e n t   c o m p o s i t i o n ;   a n d  

( i v )   r e c o v e r i n g   t he   a r o m a t i c s - f r e e   r a f f i n a t e   s t r e a m  

( 3 1 ) .  

2.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  f u r t h e r   c h a r a c -  

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

f o r m u l a :  

w h e r e   R13  R2,  R 3  a n d   R   a r e   i n d e p e n d e n t l y   s e l e c t e d   f r o m  

h y d r o g e n ,   a l k y l   r a d i c a l s   of  1  to  10  c a r b o n   a t o m s ,   a r a l k y l  
r a d i c a l s   of  7  to  12  c a r b o n   a t o m s ,   and  a l k o x y   r a d i c a l s  

of  1  to  8  c a r b o n   a t o m s .  

3.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   1,  f u r t h e r   c h a r a c -  

t e r i z e d   in   t h a t   t he   a r o m a t i c s - s e l e c t i v e   s o l v e n t   c o m p o s i -  
t i o n   i s   s u l f o l a n e   of  t he   g e n e r a l   f o r m u l a :  

4.  A  p r o c e s s   as  c l a i m e d   in   any  of  c l a i m s   1  to  3 ,  

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

a q u e o u s   s t r e a m   (23)  i s   r e t u r n e d   to  t h e   e x t r a c t i o n   z o n e .  



5.  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   1  to  3, 

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

a q u e o u s   s t r e a m   (23)   i s   r e t u r n e d   to  t he   s e c o n d   s e p a r a t i o n  

zone   ( 1 3 ) .  

6.  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   1  to  5 ,  
f u r t h e r   c h a r a c t e r i z e d   in   t h a t   t h e   a m o u n t   of   t h e   f i r s t  

r a f f i n a t e   s t r e a m   (27)   e m p l o y e d   in   t he   f i r s t   c o n t a c t i n g  

zone   i s   l e s s   t h a n   20%  of   t h e   t o t a l   f i r s t   r a f f i n a t e   s t r e a m .  

7.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   6,  f u r t h e r   c h a r a c -  

t e r i z e d   in   t h a t   t h e   a m o u n t   of  t h e   f i r s t   r a f f i n a t e   s t r e a m  

(27)   e m p l o y e d   in   t h e   f i r s t   c o n t a c t i n g   zone   i s   a b o u t   5% 

of  t h e   t o t a l   f i r s t   r a f f i n a t e   s t r e a m .  
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