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 F o r   continuous  removal  of  polychlorinated  biphenyl 
compounds  (PCB)  from  oil  contaminated  therewith,  PCB 
compounds  are  continuously  extracted  from  contaminated 
oil  with  a  PCB-selective  solvent  in  the  stripping  section  (51) 
of  a  multistage  extraction  zone  (6).  The  extract  (10)  from  the 
extraction  zone  (52)  is  partially  distilled  in  a  distillation  zone 
(11).  The  bottom  residue  (29)  is  cooled  (32)  and  separated 
(34)  into  a  solvent  phase  (44)  and  an  oil/PCB  phase  (35),  and  a 
major  portion  (43)  of  the  oil/PCB  phase  continuously  recycled 
as  extract  reflux  to  the  enriching  section  (52)  of  the  extraction 
zone  (6)  where  PCB  compounds  are  extracted  from  the 
recycled  portion  by  the  solvent  phase  produced  in  the 
stripping  section  (51)  of  the  extraction  zone  (6)  to  increase 
the  PCB  content  of  the  extract.  A  minor  portion  (40)  of  the 
oil/PCB  phase  from  the  separation  step  (34)  is  withdrawn  as  a 
disposable  PCB  residue. 





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

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

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

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

p h e n y l s   (PCB)  has   p r o p e r t i e s   t h a t   make  t h e s e   c o m p o u n d s  

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

and  e l e c t r i c a l   e q u i p m e n t ,   s u c h   as  t r a n s f o r m e r s .   H o w -  

e v e r ,   i t   i s   s u s p e c t e d   t h a t   PCB  may  c a u s e   h e a l t h   p r o b l e m s  

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

u s e   of   PCB  in   c o m m e r c i a l   a p p l i c a t i o n s   has   b e e n   d i s c o n -  

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

c o n t r o l   t h o s e   m a t e r i a l s   c u r r e n t l y   in  u se   and  to   c o n t r o l  

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

One  s o u r c e   of   PCB  i s   in  o i l   u s e d   as  h e a t   t r a n s f e r   f l u i d s  

in  t r a n s f o r m e r s ,   c a p a c i t o r s ,   and  o t h e r   e l e c t r i c a l  

d e v i c e s .   A l t h o u g h   v a r i o u s   c h e m i c a l   and  p h y s i c a l   m e t h o d s  

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

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

w h i c h   w i l l   be  e f f e c t i v e   in  m e e t i n g   t he   i n c r e a s i n g l y  

s t r i n g e n t   g o v e r n m e n t   r e g u l a t i o n s   p e r t a i n i n g   to  PCB 

c o n c e n t r a t i o n ,   y e t   w i l l   be  e c o n o n . i c a l l y   f e a s i b l e   f o r  

i n d u s t r i a l   u s e .  



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

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

c o u n t e r c u r r e n t   m u l t i s t a g e   e x t r a c t o r .   In  s u c h   an  e x t r a c -  

t o r ,   t h e   c o n c e n t r a t i o n   of   t h e   c o n t a m i n a n t   in   t h e   e x t r a c t  

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

t h a t   m a t e r i a l   in  t h e   e n t e r i n g   f e e d   s t r e a m .   F u r t h e r ,   t h e  

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

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

r e s i d u e .   In  a d d i t i o n   to   t h e   v a l u e   o f   t h e   l o s t   f e e d  

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

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

e n e r g y   c o s t   f o r   d i s t i l l a t i o n .  

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

f r o m   o i l s   by  c o n v e n t i o n a l   s o l v e n t   e x t r a c t i o n   i s   t h e  

l i m i t a t i o n   i m p o s e d   by  t h e   h i g h   b o i l i n g   p o i n t   of  s u c h  

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

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

150°  C.  In  c o n v e n t i o n a l   s o l v e n t   e x t r a c t i o n ,   t h e   s o l v e n t  

i s   s e p a r a t e d   f rom  t h e   o i l   f r a c t i o n   in   t h e   e x t r a c t   b y  

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

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

c o l u m n .   The  e n e r g y   r e q u i r e m e n t s   of   t h e   d i s t i l l a t i o n   a r e  

s u p p l i e d   by  v a p o r i z i n g   a  p o r t i o n   of   t h e   b o t t o m   r e s i d u e ,  

and  t h u s   i f   s o l v e n t   r e m o v a l   f rom  t h e   o i l   f r a c t i o n   i s  

e s s e n t i a l l y   c o m p l e t e ,   as  i s   c o n v e n t i o n a l l y   t h e   c a s e ,   t h e  

t e m p e r a t u r e - p r e s s u r e   r e l a t i o n s h i p   i s   f i x e d   s o l e l y   by  t h e  

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

may  be  e i t h e r   e x c e s s i v e l y   h i g h   t e m p e r a t u r e s   i f   m o d e r a t e  

v a c u u m   c o n d i t i o n s   a r e   u s e d ,   or  e x t r e m e l y   low  vacuum  i f  

a c c e p t a b l e   t e m p e r a t u r e s   a r e   u s e d .   N e i t h e r   a l t e r n a t i v e  

i s   s a t i s f a c t o r y ,   t h e   e x c e s s i v e   t e m p e r a t u r e   c a u s e s  

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

f rom  t h e   s t a n d p o i n t   of  d i s t i l l a t i o n   e q u i p m e n t   s i z e   a n d  

c o s t s .  



The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   f o r   r e m o v i n g   PCB 

f r o m   P C B - c o n t a m i n a t e d   o i l   w i t h o u t   t h e   c o m p l e x i t y ,  

e x p e n s e ,   and  o i l   l o s s   c h a r a c t e r i z i n g   known  m e t h o d s .  

I t   i s   an  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o   p r o v i d e   a n  

i m p r o v e d   m e t h o d   f o r  r e m o v i n g   PCB  f r o m _ c o n t a m i n a t e d   o i l .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   p r o v i d e  

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

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

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

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

I t   i s   a  f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  m e t h o d   f o r   r e m o v i n g   PCB  f rom  o i l   c o n t a m i n a t e d  

t h e r e w i t h   w h e r e b y   o i l   l o s s   i s   m i n i m i z e d   and  PCB  c o n c e n -  
t r a t i o n   in  t h e   e x t r a c t   and  t h e r e f o r e   in   t h e   d i s p o s a b l e  

PCB  r e s i d u e   i s   i n c r e a s e d .  

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

r e m o v i n g   PCB  f rom  o i l   c o n t a m i n a t e d   t h e r e w i t h .   A c c o r d i n g  

t o   t h e   m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n ,   PCB  c o m p o u n d s  

a r e   c o n t i n u o u s l y   e x t r a c t e d   f rom  c o n t a m i n a t e d   o i l   w i t h   a  
P C B - s e l e c t i v e   s o l v e n t   in  t h e   s t r i p p i n g   s e c t i o n   of  a  

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

e x t r a c t i o n   zone   i s   p a r t i a l l y   d i s t i l l e d   in  a  d i s t i l l a t i o n  

z o n e   and  t he   b o t t o m   r e s i d u e   t h e r e f r o m   i s   c o o l e d   and  t h e n  

s e p a r a t e d   i n t o   a  s o l v e n t   p h a s e   and  an  o i l / P C B   p h a s e .  

The  m a j o r   p o r t i o n   of   t h e   o i l / P C B   p h a s e ,   h e r e i n a f t e r  

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

r e c y c l e d   to   t h e   e n r i c h i n g   s e c t i o n   of   t h e   e x t r a c t i o n  

z o n e .   In  t h e   e n r i c h i n g   s e c t i o n ,   PCB  c o m p o u n d s   a r e  

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

e x i t i n g   t h e   s t r i p p i n g   s e c t i o n   of  t h e   e x t r a c t i o n   zone   t o  

i n c r e a s e   t h e   PCB  c o n t e n t   of  t h e   e x t r a c t   and  to  r e t u r n  

t h e   o i l   in  t h e   r e f l u x   to   t h e   o i l   p h a s e   in  t h e   e x t r a c t i o n  



z o n e .   The  m i n o r   p o r t i o n   of  t h e   o i l / P C B   p h a s e   i s   w i t h -  

d r a w n   as  a  d i s p o s a b l e   PCB  r e s i d u e .  

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

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

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

A c c o r d i n g   to   a  p r e f e r r e d   e m b o d i m e n t   of   t h e   m e t h o d   of   t h e  

p r e s e n t   i n v e n t i o n ,   PCB  c o m p o u n d s   a r e   c o n t i n u o u s l y  
e x t r a c t e d   f rom  c o n t a m i n a t e d   o i l   w i t h   a  P C B - s e l e c t i v e  

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

c o m p r i s i n g   two  s e c t i o n s :   1)  a  s t r i p p i n g   s e c t i o n   in  w h i c h  

t h e   c o n t a m i n a t e d   o i l   f e e d   i s   e x t r a c t e d ,   and   2)  a n  

e n r i c h i n g   s e c t i o n   in   w h i c h   t h e   e x t r a c t   r e f l u x   r e c y c l e d  
f rom  t h e   s o l v e n t   s e p a r a t i o n   s t e p   i s  e x t r a c t e d .   A  s t r e a m  

of   c o n t a m i n a t e d   o i l   i s   c o n t i n u o u s l y   f ed   i n t o   t h e  

e x t r a c t o r   w h e r e   i t   e n t e r s   t h e   f i r s t   s t a g e   of   t h e  

s t r i p p i n g   s e c t i o n .   The  P C B - s e l e c t i v e   s o l v e n t   e n t e r s   t h e  

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

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

s t a g e   to   s t a g e ,   e x i t s   f rom  t h e   f i r s t   s t a g e   of   t h e  

s t r i p p i n g   s e c t i o n ,   and  f l o w s   to  t h e   l a s t   s t a g e   o f   t h e  

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

t h e   f i r s t   s t a g e   o f   t h e   e n r i c h i n g   s e c t i o n ,   and  t h e  

s o l v e n t   p h a s e   f rom  t h e   s t r i p p i n g   s e c t i o n   p a s s e s  
c o u n t e r c u r r e n t l y   to   t h e   e x t r a c t   r e f l u x   f r o m   s t a g e   t o  

s t a g e ,   and   e x i t s   t h e   e x t r a c t o r   from  t h e   f i r s t   s t a g e   o f  

t h e   e n r i c h i n g   s e c t i o n   as  a  P C B - e n r i c h e d   e x t r a c t .   T h e  

e x t r a c t   r e f l u x   e x i t s   t h e   l a s t   s t a g e   of  t h e   e n r i c h i n g  

s e c t i o n ,   p a r t i a l l y   s t r i p p e d   of   i t s   PCB  c o n t e n t ,   a n d  

j o i n s   t h e   c o n t a m i n a t e d   o i l   f e e d   to   e n t e r   t h e   f i r s t   s t a g e  
of   t h e   s t r i p p i n g   s e c t i o n .   The  c o m b i n e d   o i l   s t r e a m ,   f r o m  

w h i c h   t h e   PCB  c o m p o u n d s   h a v e   b e e n   e x t r a c t e d   by  t h e  

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

as  t h e   p i r i f i e d   o i l   p r o d u c t .  



The  e x t r a c t   l e a v i n g   t h e   e x t r a c t o r   is   p a r t i a l l y   d i s t i l l e d  

in  a  d i s t i l l a t i o n   c o l u m n   and  t he   b o t t o m   r e s i d u e   t h e r e -  

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

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

o i l / P C B   p h a s e .   The  m a j o r   p o r t i o n   of  t h e   o i l / P C B   p h a s e  

i s   c o n t i n u o u s l y   r e c y c l e d   b a c k   to  t h e   e x t r a c t o r   as  t h e  

e x t r a c t   r e f l u x ,   and  i s   e x t r a c t e d   in  t h e   e n r i c h i n g  
s e c t i o n   as  d e s c r i b e d   a b o v e .   The  m i n o r   p o r t i o n   of  t h e  

o i l / P C B   p h a s e   f rom  t h e   s o l v e n t   s e p a r a t i n g   s t e p   i s  

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

The  s o l v e n t   c h o s e n   s h o u l d   be  h i g h l y   s e l e c t i v e   f o r   PCB 

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

o i l   and  o t h e r   c o n s t i t u e n t s   in  t h e   o i l .   The  s o l v e n t  

i t s e l f   s h o u l d   h a v e   a  low  s o l u b i l i t y   in   o i l .   The  s o l v e n t  

s h o u l d   have   a  v o l a t i l i t y   in  a  r a n g e   t h a t   a l l o w s   s e p a r -  
a t i o n   f rom  a  P C B / o i l   p h a s e   by  d i s t i l l a t i o n   and  a  s p e -  
c i f i c   g r a v i t y   s u f f i c i e n t l y   d i f f e r e n t   f rom  t h a t   of  t h e  

o i l   to   p e r m i t   p h a s e   s e p a r a t i o n   in  t h e   e x t r a c t i o n   s t a g e s .  

In  a d d i t i o n ,   t h e   s o l v e n t   s h o u l d   h a v e   a   r e a s o n a b l e  

v i s c o s i t y   and  s u r f a c e   t e n s i o n ,   as  w e l l   as  a  low  l e v e l   o f  

t o x i c i t y .  

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

f o l l o w i n g   s o l v e n t   c l a s s e s :   a l k y l   s u b s t i t u t e d   f o r m a m i d e s  

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

g l y c o l   e t h e r s ,   a l d e h y d e s ,   and  a l c o h o l s .   P r e f e r r e d  

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

i d o n e ,   d i m e t h y l   s u l f o x i d e ,   d i e t h y l e n e   g l y c o l   m o n o m e t h y l  

e t h e r ,   commonly   known  as  m e t h y l   C a r b i t o l ,   and  f u f u r a l .  

The  mos t   p r e f e r r e d   s o l v e n t   i s   d i e t h y l e n e   g l y c o l   m o n o -  

m e t h y l   e t h e r .  

D e s p i t e   h i g h   s e l e c t i v i t y   f o r   PCB,  a  s o l v e n t   may  s t i l l  

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

c o n s t i t u e n t s   and  t h u s   in  a  c o n v e n t i o n a l   s o l v e n t  



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

F o r   i n s t a n c e ,   i f   t h e   s o l u b i l i t y   of   o i l   in   t h e   s o l v e n t   i s  

a b o u t   10  p e r c e n t   and  t h e   s o l v e n t / o i l   r a t i o   i s   a b o u t   1 ,  

t h e   e x t r a c t   l e a v i n g   a  c o n v e n t i o n a l   e x t r a c t i o n   p r o c e s s  
w o u l d   be  c a r r y i n g   away  a b o u t   10  p e r c e n t   of   t h e   o i l   f e e d .  

A f t e r   d i s t i l l a t i o n   and  s e p a r a t i o n   of   t h e   s o l v e n t ,   t h e   10 

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

c o n t a i n i n g   t h e   e x t r a c t e d   PCB.  T h u s ,   n o t   o n l y   i s   10 

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

o n l y   b e e n   i n c r e a s e d   in  t h e   r e s i d u e   by  a  f a c t o r   of   1 0 .  

When  t h e   s o l v e n t / o i l   r a t i o   i s   i n c r e a s e d   to   a c h i e v e   a  

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

w o r s e .   Fo r   i n s t a n c e ,   i f   t h e   s o l v e n t / o i l   r a t i o   i s  

i n c r e a s e d   to   2,  t h e n   t h e   o i l   l o s s   w o u l d   i n c r e a s e   t o  

a b o u t   20  p e r c e n t .   In  a d d i t i o n   to   t h e   v a l u e   o f   t h e   l o s t  

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

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

PCB  r e s i d u e   s t r e a m .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h e   o i l   l o s s   due  t o  

s o l u b i l i t y   of   t h e   o i l   in   t h e   s o l v e n t   i s   e f f e c t i v e l y  

e l i m i n a t e d   by  r e c y c l i n g   a  m a j o r   p o r t i o n   of   t h e   o i l / P C B  

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

e x t r a c t o r ,   as  an  e x t r a c t   r e f l u x .   In  t h i s   w a y ,   t h e   o i l  

c a r r i e d   o u t   w i t h   t h e   e x t r a c t   i s   r e t u r n e d   to   t h e   e n r i c h -  

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

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

t o r   and  e x i t i n g   as  t h e   p u r i f i e d   o i l   p r o d u c t .   The  PCB  i n  

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

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

t i o n .   In  t h e   m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n ,   i n c r e a s -  

i n g   t h e   s o l v e n t / o i l   r a t i o   d o e s   no t   i n c r e a s e   t h e   o i l   l o s s  

or   r e d u c e   t h e   PCB  c o n c e n t r a t i o n   in  t h e   r e s i d u e ,   as  w o u l d  

be  t h e   c a s e   in  a  c o n v e n t i o n a l   s o l v e n t   e x t r a c t i o n   p r o -  

c e s s .  



A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h e   s o l v e n t   s e p a r a -  
t i o n   f rom  t h e   e x t r a c t   i s   c a r r i e d   o u t   in   two  s t e p s .  
F i r s t ,   t h e r e   i s   a  p a r t i a l   s e p a r a t i o n   by  d i s t i l l a t i o n   a n d  

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

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

r e s i d u e   f r o m   t h e   d i s t i l l a t i o n   s t e p .   In  a  p r e f e r r e d  
e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n ,   t h e   p a r t i a l   s e p a r a -  
t i o n   by  d i s t i l l a t i o n   i s   a c c o m p l i s h e d   by  m a i n t a i n i n g  
s u f f i c i e n t   s o l v e n t   in  t he   b o t t o m   r e s i d u e   to   p e r m i t  

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

and  a c c e p t a b l e   t e m p e r a t u r e s .   In  o r d e r   t o   a c h i e v e   s u c h  

c o n d i t i o n s ,   t h e r e   s h o u l d   be  a b o u t   2D  to   80  p e r c e n t  
s o l v e n t   in   t h e   b o t t o m   r e s i d u e .   The  d i s t i l l a t e   p r o d u c t  

f rom  t h i s   s t e p   c o m p r i s i n g   P C B - f r e e   s o l v e n t   i s   r e c y c l e d  
b a c k   to   t h e   e x t r a c t o r .  

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

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

s o l u b i l i t y   to   fo rm  a  P C B / o i l   p h a s e   and  a  s o l v e n t   p h a s e .  
The  two  p h a s e s   a r e   s e p a r a t e d   by  d e c a n t i n g ,   and  t h e  

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

The  P C B / o i l   p h a s e ,   f o r   t h e   mos t   p a r t ,   i s   r e c y c l e d   b a c k  

to   t h e   e x t r a c t o r   as  e x t r a c t   r e f l u x .   A  s m a l l   p o r t i o n   o f  

t h e   P C B / o i l   p h a s e   i s   w i t h d r a w n   as  t h e   f i n a l   PCB  r e s i d u e .  

R e f e r r i n g   to   t h e   f i g u r e ,   a  f low  c h a r t   i l l u s t r a t e s   a  

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

m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n .   A  s t r e a m   of   o i l  

c o n t a m i n a t e d   w i t h   PCB  i s   i n t r o d u c e d   i n t o   t h e   e x t r a c t o r   6 

at   a  c o n t r o l l e d   r a t e   t h r o u g h   l i n e s   1,  3  and  5,  u s i n g  

pump  2  and  h e a t e r   4  to   r a i s e   t he   t e m p e r a t u r e   of   t h e   o i l  

to   b e t w e e n   a b o u t   20  and  65°  C.  The  o i l   s t r e a m   e n t e r s  

e x t r a c t o r   6  at   an  i n t e r m e d i a t e   f e e d   p o i n t .   The  e x t r a c -  

t o r   c o n s i s t s   of   two  s e c t i o n s ,   a  s t r i p p i n g   s e c t i o n   51  a n d  

an  e n r i c h i n g   s e c t i o n   52.  In  t h e   s t r i p p i n g   s e c t i o n ,   t h e  

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

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



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

and  t h e   p u r i f i e d   o i l   e x i t s   t h e   e x t r a c t o r   6  t h r o u g h   l i n e  

7 .  

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

s o l v e n t   p r e s e n t ,   t h e n   d r y i n g   and  f i l t e r i n g ,   ( e q u i p m e n t  

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

r e u s e   as  a  d i e l e c t r i c   f l u i d .   The  n u m b e r   of  t h e o r e t i c a l  

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

PCB  r e m o v a l   e f f i c i e n c y   in   t h e   r a n g e   o f   90  to   98  p e r c e n t  

i s   a b o u t   3  t o   10,  p r e f e r a b l y   6,  when  e m p l o y i n g   a  s o l -  

v e n t / o i l   r a t i o   in   t h e   r a n g e   of   a b o u t   1 :1   to   4 : 1 .   T h e  

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

PCB  c o m p o u n d   b e i n g   e x t r a c t e d   and  t h e   PCB  c o n c e n t r a t i o n  

in  t h e   c o n t a m i n a t e d   o i l .  

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

s t r i p p i n g   s e c t i o n   51  t h r o u g h   t h e   e n r i c h i n g   s e c t i o n   52  i n  

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

e n t e r i n g   by  l i n e   43,  and  l e a v e s   t h e   e x t r a c t o r   6  t h r o u g h  

l i n e   8  and  c o n t r o l   v a l v e   9,  f l o w i n g   t h r o u g h   l i n e   10  a s  

t h e   e x t r a c t   f e e d   to  t h e   d i s t i l l a t i o n   c o l u m n   1 1 .  

D i s t i l l a t i o n   i s   c a r r i e d   ou t   in   t h e   r a n g e   of  a b o u t   50  t o  

150  t o r r ,   p r e f e r a b l y   a b o u t   100  t o r r .   The  v a p o r   f l o w  

r a t e   t h r o u g h   t h e   d i s t i l l a t i o n   c o l u m n   11  i s   m a i n t a i n e d   b y  

a d j u s t i n g   t h e   h e a t   i n p u t   t o   r e b o i l e r   27.  P u r i f i e d  

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

by  l i n e   12  i s   c o n d e n s e d   in  c o n d e n s e r   13  and  f l o w s   t o  

s e p a r a t o r   15  t h r o u g h   l i n e   14.  N o n c o n d e n s a b l e   g a s e s   a r e  

r e m o v e d   t h r o u g h   l i n e   16  by  means   o f   a  v a c u u m   pump  17.  A 

p o r t i o n   of   t h e   c o n d e n s e d   s o l v e n t   i s   r e t u r n e d   to   t h e  

d i s t i l l a t i o n   c o l u m n   as  r e f l u x   by  l i n e   18,  w h i l e   t h e  

o t h e r   s o l v e n t   p o r t i o n   f l o w s   t h r o u g h   l i n e   19  to   t a n k   2 0 ,  

and  i s   r e c y c l e d   as  P C B - f r e e   s o l v e n t   b a c k   to  t h e   e x t r a c -  

t o r   6  by  l i n e   21,   pump  22,  l i n e   23,   f l o w   c o n t r o l l e r   2 4 ,  

and  l i n e   2 5 .  



The  b o t t o m   r e s i d u e   f rom  t h e   d i s t i l l a t i o n   c o l u m n   11  e x i t s  

t h e   c o l u m n   by  l i n e   29  and  i s   pumped   by  pump  30  t h r o u g h  

l i n e   31  to   c o o l e r   32.  In  c o o l e r   32,  t h e   b o t t o m   r e s i d u e  

i s   c o o l e d   to  a  t e m p e r a t u r e   in   t h e   r a n g e   of  a b o u t   2 5  -  

50°  C  and  a  P C B / o i l   p h a s e   and  s o l v e n t   p h a s e   a r e   f o r m e d .  

The  two  p h a s e s   f l o w   t h r o u g h   l i n e   33  to   d e c a n t e r   34  w h e r e  

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

t h e   d i s t i l l a t i o n   c o l u m n   11  by  l i n e s   44  and  46,  and  p u m p  
45.  The  P C B / o i l   p h a s e   w h i c h   i s   r e m o v e d   f rom  t h e   d e c a n -  

t e r   by  l i n e s   35  and  37,  and  pump  36,   i s   d i v i d e d   i n t o   a  

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

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

t h e   p r o c e s s   t h r o u g h   l i n e s   38  and  40,   and  c o n t r o l   v a l v e  

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

to   t h e   e x t r a c t o r   6  by  l i n e s   41  and  43,  and  f l o w   c o n t r o l  

v a l v e   42,   and  e n t e r s   t h e   e n r i c h i n g   s e c t i o n   52  of  t h e  

e x t r a c t o r   6 .  

In  t h e   e n r i c h i n g   s e c t i o n   of  t h e   e x t r a c t o r ,   t h e   e x t r a c t  

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

t h e   f i r s t   s t a g e   of   t h e   s t r i p p i n g   s e c t i o n   51  in  a  s i m i l a r  

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

to   i n c r e a s e   t h e   PCB  c o n t e n t   of   t h e   e x t r a c t .   The  n u m b e r  

of   t h e o r e t i c a l   s t a g e s   in  t h i s   s e c t i o n   i s   in  t h e   r a n g e   o f  

a b o u t   1  to   6,  p r e f e r a b l y   3,  d e p e n d i n g   upon   t h e   d e s i r e d  

c o n c e n t r a t i o n   of  PCB  in  t h e   f i n a l   r e s i d u e   e x i t i n g   t h e  

p r o c e s s .   L e a v i n g   t h e   e n r i c h i n g   s e c t i o n   by  l i n e   8  a n d  

c o n t r o l   v a l v e   9,  t h e   e x t r a c t   f l o w s   by  l i n e   10  to   t h e  

d i s t i l l a t i o n   c o l u m n   11  w h e r e   i t   i s   d i s t i l l e d ,   t h e n  

s e p a r a t e d   and  r e c y c l e d   as  d e s c r i b e d   a b o v e .  

E x a m p l e   1 

In  an  a g i t a t e d   b a f f l e d   e x t r a c t i o n   c o l u m n   w i t h   a  d i a m e t e r  

of   150  mm,  an  e x t r a c t i o n   s e c t i o n   h e i g h t   of  a b o u t   1 0 0 0  

mm,  and  an  e n r i c h i n g   s e c t i o n   h e i g h t   of   a b o u t   500mm,  



o p e r a t i n g   at   38°  C  w i t h   a  t r a n s f o r m e r   o i l   f e e d   r a t e   o f  

25  l i t e r s / h o u r ,   an  e x t r a c t o r   r e f l u x   r a t e   of   1 .6   l i t e r s /  

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

t h e   s o l v e n t   at  a  r a t e   o f   59  l i t e r s / h o u r ,   t h e   PCB  (a 

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

c o n t e n t   of   54  w e i g h t   p e r c e n t ,   commonly   known  as  A r o c l o r  

1254)   c o n t e n t   of  389  ppm  in  t h e   t r a n s f o r m e r   o i l   w a s  

r e d u c e d   t o   8  ppm  in  t h e   p u r i f i e d   o i l   e x i t i n g   t h e   e x t r a c -  

t o r .   The  d i s t i l l a t i o n   c o l u m n   w i t h   a  d i a m e t e r   of   150  mm 

and  a  p a c k e d   h e i g h t   of  a b o u t   1800  mm,  w h i c h   was  o p e r a t e d  
in  c o n j u n c t i o n   w i t h   t h e   e x t r a c t i o n   c o l u m n   in  a  c o n t i n -  

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

t h e   e x t r a c t   s t r e a m   to  a  s o l v e n t   p u r i t y   o f   l e s s   t h a n   1 

ppm  PCB.  The  r e s i d u e   p r o d u c e d   by  c o o l i n g   t h e   d i s t i l -  

l a t i o n   c o l u m n   b o t t o m   p r o d u c t   and  s e p a r a t i n g   t h e   P C B / o i l  

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

of   0 . 5 6   l i t e r s / h o u r   and  had   a  PCB  c o n c e n t r a t i o n   of  1 . 7  

p e r c e n t .  

E x a m p l e   2 

In  t h e   same  e q u i p m e n t   and  u s i n g   t h e   same  s o l v e n t   and  PCB 

t y p e   as  d e s c r i b e d   in  e x a m p l e   1,  b u t   w i t h   an  o i l   f e e d  

r a t e   of   39  l i t e r s / h o u r ,   an  e x t r a c t o r   r e f l u x   r a t e   of  7 . 6  

l i t e r s / h o u r ,   and  a  s o l v e n t   r a t e   of   73  l i t e r s / h o u r ,   t h e  

PCB  c o n t e n t   of  521  ppm  in  the   c o n t a m i n a t e d   o i l   w a s  

r e d u c e d   to   31  ppm  in  t h e   p u r i f i e d   o i l .   The  d i s t i l l e d  

s o l v e n t   had   a  PCB  c o n t e n t   of  l e s s   t h a n   1  ppm-  T h e  

r e s i d u e   p r o d u c t   a c c u m u l a t e d   a t   a  r a t e   o f   0 . 3 3   l i t e r s ;  

h o u r ,   and  had  a  PCB  c o n t e n t   of  5.8  p e r c e n t .  

E x a m p l e   3 

In  t h e   same  e q u i p m e n t   and  u s i n g   t h e   same  s o l v e n t   and  PCE 

t y p e   as  d e s c r i b e d   in  e x a m p l e   l ,  b u t   w i t h   an  o i l   f e e d  

r a t e   o f   16  l i t e r s / h o u r ,   an  e x t r a c t o r   r e f l u x   r a t e   of  8 . 7  

l i t e r s / h o u r ,   and  a  s o l v e n t   r a t e   of   73  l i t e r s / h o u r ,   t h e  



PCB  c o n t e n t   of  500  ppm  in  t h e   c o n t a m i n a t e d   o i l   w a s  

r e d u c e d   to   a b o u t   1-2  ppm  in  t h e   p u r i f i e d   o i l .   T h e  

r e s i d u e   p r o d u c t   a c c u m u l a t e d   at  a  r a t e   of  0 . 1 7   l i t e r s /  

h o u r   and  had  a  PCB  c o n t e n t   of   4 .8   p e r c e n t .  

E x a m p l e   4 

In  t h e   same  e q u i p m e n t   and  u s i n g   t he   same  s o l v e n t   a s  

d e s c r i b e d   in  e x a m p l e   1,  b u t   w i t h   an  o i l   f e e d   r a t e   of  16 

l i t e r s / h o u r ,   an  e x t r a c t o r   r e f l u x   r a t e   of  7 .4   l i t e r s /  

h o u r ,   and  a  s o l v e n t   r a t e   o f   73  l i t e r s / h o u r ,   t h e   PCB  (a 

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

c o n t e n t   of  60  w e i g h t   p e r c e n t ,   c o m m o n l y   known  as  A r o c l o r  

1260)  c o n t e n t   of  443  ppm  in  t h e   c o n t a m i n a t e d   o i l   w a s  

r e d u c e d   to   11  ppm  in  t h e   p u r i f i e d   o i l .   The  PCB  c o n t e n t  

of  t h e   s o l v e n t   f rom  t h e   d i s t i l l a t i o n   c o l u m n   was  l e s s  

t h a n   1  ppm.  The  r e s i d u e   p r o d u c t   a c c u m u l a t e d   at   a  r a t e  

of   0 . 1 5   l i t e r s / h o u r   and  had   a  PCB  c o n t e n t   of   4 .6   p e r -  

c e n t .  

Many  m o d i f i c a t i o n s   and  v a r i a t i o n s   of   t he   p r e s e n t   i n v e n -  

t i o n   a r e   r e a d i l y   o b v i o u s   to   t h o s e   of  o r d i n a r y   s k i l l   i n  

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

u n d e r s t o o d   t h a t   such   m o d i f i c a t i o n s   and  v a r i a t i o n s   a r e  

w i t h i n   t h e   s c o p e   of  t h e   p r e s e n t   i n v e n t i o n .  



1.  A  method  for  c o n t i n u o u s l y   removing  p o l y c h l o r i n a t e d   b i p h e n y l  
(PCB)  compounds  from  oil   con tamina ted   t h e r e w i t h ,   compris ing   t he  

s teps   o f :  

a)  in  a  m u l t i p l e   s tage   e x t r a c t i o n   zone  (6)  having  a  s t r i p p i n g  

s e c t i o n   (51)  and  an  e n r i c h i n g   s e c t i o n   (52),   c o n t i n u o u s l y   e x t r a c t i n g  

PCB  compounds  from  con tamina ted   oil   with  a  PCB  s e l e c t i v e   solvent   i n  

the  s t r i p p i n g   s e c t i o n   ( 5 1 ) ;  

b)  p a r t i a l l y   d i s t i l l i n g   the  e x t r a c t   (10)  from  said  e x t r a c t i o n  

zone  (6)  in  a  d i s t i l l a t i o n   zone  ( 1 1 ) ;  

c)  cool ing   (32)  the  bottom  r e s idue   from  step  b)  and 

s e p a r a t i n g   (34)  the  r e s u l t i n g   phases  into  a  so lven t   phase  (44)  and 

an  oil/PCB  phase  ( 3 5 ) ;  

d)  c o n t i n u o u s l y   r e c y c l i n g   a  major  p o r t i o n   (43)  of  s a i d  

oil/PCB  phase  from  s tep  c)  as  e x t r a c t   r e f l u x   to  the  e n r i c h i n g  

s e c t i o n   (52)  of  said  e x t r a c t i o n   zone  (6)  of  s tep  a)  where  PCB 

compounds  are  e x t r a c t e d   from  said  r ecyc led   po r t i on   by  the  s o l v e n t  

phase  e x i t i n g   the  s t r i p p i n g   s e c t i o n   (51)  of  said  e x t r a c t i o n   zone  ( 6 )  

in  s tep  a)  to  i n c r e a s e   the  PCB  con ten t   of  the  e x t r a c t ;   and 

e)  w i thd rawing   a  minor  p o r t i o n   (40)  of  said  oil/PCB  phase  

from  step  c)  as  a  d i s p o s a b l e   PCB  r e s i d u e .   ! 

2.  A  method  accord ing   to  claim  1,  wherein  the  d i s t i l l e d   s o l v e n t  

produced  in  step  b)  is  r e c y c l e d   (23)  for  use  in  said  c o n t i n u o u s  

e x t r a c t i o n   s tep  a ) .  

3.  A  method  acco rd ing   to  claim  1,  wherein  said  so lvent   is  s e l e c t e d  

from  a  group  c o n s i s t i n g   of  a lky l   s u b s t i t u t e d   formamides  and 

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

a ldehydes  and  a l c o h o l s .  

4.  A  method  accord ing   to  claim  3,  wherein  said  so lvent   is  s e l e c t e d  

from  the  gorup  c o n s i s t i n g   of  N-methyl  p y r r o l i d o n e ,   d i m e t h y l  

s u l f o x i d e ,   d i e t h y l e n e   g lycol   monomethyl  e t h e r ,   and  f u f u r a l .  

5.  A  method  acco rd ing   to  claim  4,  wherein  said  so lven t   i s  

d i e t h y l e n e   g lycol   monomethyl  e t h e r .  



6.  A  method  according  to  claim  1,  wherein  said  e x t r a c t i o n   s tep  a )  

removes  about  90  to  98  pe rcen t   of  the  PCB  compounds  from  t h e  

c o n t a m i n a t e d   oi l   in  about  three   to  ten  t h e o r e t i c a l   e x t r a c t i o n   s t a g e s  

and  the  s o l v e n t / o i l   feed  r a t i o   is  in  the  range  of  about  1:1  to  4 : 1 .  

7.  A  method  according  to  claim  6,  wherein  said  e x t r a c t i o n   step  a )  

is  c a r r i e d   out  in  about  six  t h e o r e t i c a l   e x t r a c t i o n   s t a g e s .  

8.  A  method  according  to  claim  1,  wherein  said  e x t r a c t i o n   s tep  d )  

is  c a r r i e d   out  in  about  one  to  six  t h e o r e t i c a l   e x t r a c t i o n   s t a g e s .  

9.  A  method  according  to  claim  7,  wherein  said  e x t r a c t i o n   step  d)  

is  c a r r i e d   out  in  about  th ree   t h e o r e t i c a l   e x t r a c t i o n   s t a g e s .  

10.  A  method  according  to  claim  1,  wherein  the  o p e r a t i n g   c o n d i t i o n s  

of  sa id   d i s t i l l a t i o n   step  b)  are  such  tha t   the  so lven t   is  o n l y  

p a r t i a l l y   s e p a r a t e d   from  said  oil/PCB  p h a s e .  

11.  A method  according  to  claim  10,  wherein  said  bottom  r e s i d u e  

from  s tep  b)  con ta ins   about  20  to  80  p e r c e n t   s o l v e n t .  

12.  A  method  according  to  claim  10,  wherein  said  p r e s s u r e   range  i s  

about  50  to  150  tor r   and  said  t e m p e r a t u r e   does  not  exceed  a b o u t  

1 5 0 ° c .  
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