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A  method  of  separating  light  ends  from  a  mixed  hydrocarbon  feed,  and  apparatus  for  carrying  out  the  method. 

Fouling  during  separation  of  light  ends  from  a  mixed 
hydrocarbon  feed  in  a  fractionating  tower,  particularly  in  the 
depropanizer  in  ethylene  separation  from  steam  cracked 
naphtha,  is  reduced  by  fractionating  the  vapour  portion  of 
the  feed  in  a  first  tower  (21)  before  fractionating  the  liquid 
portion  of  the  feed  together  with  the  bottoms  from  the  first 
tower  in  a  second  tower  (24)  operating  at  a  lower  pressure 
than  the  first.  The  bottoms  temperature  of  second  fractiona- 
tion  is  thereby  reduced  which  reduces  fouling.  Energy 
consumption  is  reduced  by  decreased  refrigeration  and 
heating  requirements. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   and  a p p a r a t u s   f o r  

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

is  p a r t i c u l a r l y   bu t   no t   e x c l u s i v e l y   c o n c e r n e d   w i t h   a  

f r a c t i o n a t i n g   m e t h o d   w h i c h   has   a  r e d u c e d   t e n d e n c y   f o r  

f o u l i n g   t h e   f r a c t i o n a t i o n   t o w e r   and  w h i c h   g e n e r a l l y   has   a  

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

I t   is   d e s i r a b l e   to  run   c o n t i n u o u s   f r a c t i o n a t i o n   p r o c e s s e s  

f o r   as  l o n g   as  p o s s i b l e   b e t w e e n   s h u t - d o w n s .   One  m a j o r  

l i m i t a t i o n   on  t he   l e n g t h   of  t i m e   f o r   w h i c h   a  f r a c t i o n a t i o n  

can  be  r u n   i s   t he   t e n d e n c y   of  t h e   f r a c t i o n a t i o n   t o w e r   t o  

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

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

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

A  p r i n c i p a l   c a u s e   of  f o u l i n g   in  l i g h t   ends   f r a c t i o n a t i n g  

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

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

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

t o w e r s .   T h i s   u n w a n t e d   p o l y m e r i z a t i o n   is   g e n e r a l l y   c a u s e d  

by  h i g h   b o t t o m s   t e m p e r a t u r e s   in  t he   t o w e r .   T h u s ,   i t   i s  

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

a t u r e   in  t h e   t o w e r ,   and  h e n c e   to  r e d u c e   the   f o u l i n g .  



B o t t o m s   t e m p e r a t u r e   can  be  r e d u c e d   by  l o w e r i n g   t he   p r e s s u r e  

w i t h i n   t h e   t o w e r ,   b u t   a  s i g n i f i c a n t   l o w e r i n g   of  t o w e r  

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

t e m p e r a t u r e   r e d u c t i o n .   Any  r e d u c t i o n   in  t o w e r   p r e s s u r e  

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

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

in  t o w e r   p r e s s u r e   may  c a u s e   t he   t o w e r   to  f l o o d   and  b e c o m e  

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

i n c r e a s e s   to   a  p o i n t   whe re   h e a v y   e n d s   a r e   e n t r a i n e d   a n d  

c a r r i e d   o f f   o v e r h e a d .   T h e r e f o r e ,   s i m p l y   l o w e r i n g   t o w e r  

p r e s s u r e   i s   no t   an  a c c e p t a b l e   s o l u t i o n   to   t o w e r   f o u l i n g .  

One  p r o p o s e d   m o d i f i c a t i o n   ( " H y d r o c a r b o n   P r o c e s s i n g " ,  

5 8 ( 8 ) ,   1 9 7 9 ,   pp  1 0 1 - 7 )   f o r   d e e t h a n i z e r s   w h i c h   r e s u l t s   in  a  

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

h y d r o c a r b o n   f e e d   to  an  a b s o r b e r / s t r i p p e r   w h i c h   s e p a r a t e s  

the   C2-  f rom  t h e   f e e d   as  o v e r h e a d ,   w i t h  t h e   b o t t o m s   b e i n g  

fed  to  t h e   d e e t h a n i z e r .   The  d e e t h a n i z e r   o v e r h e a d   i s  

t o t a l l y   c o n d e n s e d   and  fed  to  t he   a b s o r b e r - s t r i p p e r   a s  

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

s c h e m e ,   t h e   d e e t h a n i z e r   f e e d   mus t   be  f r e e   of  h y d r o g e n   a n d  

m e t h a n e   so  t h a t   t h e   o v e r h e a d   can  be  t o t a l l y   c o n d e n s e d ,   a n d  

t h i s   r e q u i r e s   a  h i g h   b o t t o m s   t e m p e r a t u r e   in  t h e   a b s o r b e r /  

s t r i p p e r .   I f   t h e   need   f o r   h i g h   b o t t o m s   t e m p e r a t u r e   in  t h e  

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

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

a t t r a c t i v e   when  t h e   m a j o r   p a r t   of  t h e   f e e d   is   v a p o r .   I n  



t h i s   c a s e ,   some  of  t h e   f e ed   to  t h e   f i r s t   t o w e r   has   to  b e  

c o n d e n s e d   so  t h a t   e n o u g h   r e f l u x   can  be  p r o v i d e d   to  t h e  

f i r s t   t o w e r   by  t h e   s e c o n d .  

I t   has   now  b e e n   f o u n d   t h a t   an  e n e r g y   e f f i c i e n t   f r a c t i o n -  

a t i o n   of   h y d r o c a r b o n   f e e d s   may  be  a c h i e v e d   at  a  r e d u c e d  

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

m a j o r   p a r t   of  t h e   l i g h t e r   m a t e r i a l s   f rom  o n l y   t h e   v a p o u r  

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

f r a c t i o n a t i o n .   T h u s ,   a c c o r d i n g   to  one  a s p e c t   of  t h e  

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

ends   f rom  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   l i q u i d   a n d  

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

f e e d   is   f r a c t i o n a t e d   in  a  f i r s t   t o w e r   so  as  to  p r o v i d e   t h e  

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

and  t h e   b o t t o m s   of  t h e   f i r s t   t o w e r   and  t he   l i q u i d   p o r t i o n  

of  t he   f e e d   a r e   f r a c t i o n a t e d   in  a  s e c o n d   t o w e r   o p e r a t i n g  

at  a  l o w e r   p r e s s u r e   t h a n   t he   f i r s t   to  p r o v i d e   a  f u r t h e r  

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

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

s e p a r a t i n g   C3-  m a t e r i a l s   f rom  a  s t e a m   c r a c k e d   n a p h t h a   i n  

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

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

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

v a p o u r   d i s t i l l a t e   c o n t a i n i n g   t h e   m a j o r i t y   of  t he   C 3 -  

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



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

the   c o m b i n e d   b o t t o m s   and  l i q u i d   in  a  s e c o n d   t o w e r   o p e r a t i n g  

at  a  l o w e r   p r e s s u r e   t h a n   t h e   f i r s t   t o w e r   to  s e p a r a t e   t h e  

r e m a i n i n g   C3-  m a t e r i a l s   as  t h e   v a p o u r   d i s t i l l a t e   of  t h e  

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

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

from  the   f i r s t   t o w e r   to  form  a  f e e d   f o r   t he   s u b s e q u e n t  

s t a g e s   of  e t h y l e n e   r e c o v e r y .  

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

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

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

f r a c t i o n a t i o n   to  o b t a i n   a  l i g h t   end  cu t   and  b o t t o m s ,   w h i c h  

a p p a r a t u s   c o m p r i s e s .  

(a)  means   f o r   s e p a r a t i n g   t h e   f e e d   i n t o   i t s   r e s p e c t i v e  

l i q u i d   and  v a p o u r   p o r t i o n s ;  

(b)  a  f i r s t   t o w e r   o p e r a b l e   a t   a  f i r s t   p r e s s u r e   f o r  

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

l i g h t   end  cu t   as  v a p o u r   d i s t i l l a t e ,   and  b o t t o m s ;  

(c)  means   f o r   d e l i v e r i n g   s a i d   v a p o u r   p o r t i o n   f rom  s a i d  

s e p a r a t i n g   m e a n s   to  s a i d   f i r s t   t o w e r ;  

(d)  a  s e c o n d   t o w e r   o p e r a b l e   a t   a  p r e s s u r e   w h i c h   is   l o w e r  

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

of  t h e   f i r s t   t o w e r   and  t h e   l i q u i d   p o r t i o n   of   t h e   f e e d  

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

cu t   as  v a p o u r   d i s t i l l a t e ;   a n d  



(e)  means   f o r   d e l i v e r i n g   t he   b o t t o m s   of  t he   f i r s t   t o w e r  

and  t h e   l i q u i d   p o r t i o n   of  t he   f e e d   to  s a i d   s e c o n d  

t o w e r .  

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

mixed   h y d r o c a r b o n   f e e d s   w h e r e   i t   is   d e s i r e d   to  r e m o v e   t h e  

l i g h t   e n d s .   The  m e t h o d   has   been   f o u n d   to  have   p a r t i c u l a r  

e n e r g y   s a v i n g   a d v a n t a g e s   in  r e l a t i o n   to  a  d e p r o p a n i z e r ,  

and  w i l l   be  d e s c r i b e d   p r i n c i p a l l y   in  t h a t   c o n n e c t i o n .  

H o w e v e r ,   i t   i s   to   be  u n d e r s t o o d   t h a t   t he   m e t h o d   is   of   m o r e  

g e n e r a l   a p p l i c a b i l i t y :   f o r   e x a m p l e   i t   may  be  used   i n  

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

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

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

The  m i x e d   h y d r o c a r b o n   f e ed   f r a c t i o n a t e d   in  a c c o r d a n c e   w i t h  

the   i n v e n t i o n   may  be  t a k e n   f rom  a  wide   v a r i e t y   of  p r o d u c t s  

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

the   r a n g e   of   f e e d s t o c k s   f rom  e t h a n e   and  p r o p a n e   t h r o u g h   t o  

n a p h t h a   and  g a s   o i l .   The  m e t h o d   has   p a r t i c u l a r   a p p l i c a t i o n  

to  the   s e p a r a t i o n   of   s t e a m   c r a c k e d   n a p h t h a   in  t he   p r o d u c t i o n  

of  e t h y l e n e .  

The  f e e d   to  be  t r e a t e d   in  a c c o r d a n c e   w i t h   t he   m e t h o d   is   i n  

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

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

such  as  a  f l a s h   d r u m ,   w i t h   a  p r e c e d i n g   c o o l i n g   s t a g e   i f  

n e c e s s a r y .  



The  p r i n c i p l e   of  t h e   m e t h o d   is  t h a t   by  s e p a r a t i n g   l i g h t  

m a t e r i a l s   (C3-   in  t h e   c a s e   of  a  d e p r o p a n i z i n g   o p e r a t i o n )  

from  t h e   v a p o u r   in  t h e   f i r s t   t o w e r ,   t h e   l o a d i n g   on  t h e  

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

s i n g l e   f r a c t i o n a t i o n   t o w e r ;   t h u s   t he   l i g h t   m a t e r i a l   ( e . g .  

h y d r o g e n   and  m e t h a n e )   in  t he   s e c o n d   t o w e r   is   r e d u c e d ,  

w h i c h   m e a n s   t h a t   t h e   p r e s s u r e   t h e r e i n   may  be  r e d u c e d  

w i t h o u t   f l o o d i n g   (due   to  gas   e x p a n s i o n )   and  r e d u c e d  

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

w i t h   t h e   i n v e n t i o n ,   o n l y   t he   b o t t o m s   f rom  the   f i r s t   t o w e r  

and  t h e   l i q u i d   p o r t i o n   of  t he   f e e d   i s   f r a c t i o n a t e d   in  t h e  

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

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

the   d e s i r e d   l i g h t   end  cu t   i s   r e m o v e d   in  t h e   f i r s t   t o w e r  

( t h i s   l i g h t   end  c u t   b e i n g   C3-  in  t h e   c a s e   of  a  d e p r o p a n i z e r ) .  

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

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

t o w e r   so  t h a t   h o t   w a t e r   ( c o n d e n s a t e )   may  be  used   in  t h e  

r e b o i l e r   i n s t e a d   of  s t e a m   (an  e x p e n s i v e   p r i m a r y   h e a t  

s o u r c e ) ,   w i t h   s a v i n g s   in  e n e r g y .   M o v e o v e r ,   and  i m p o r t a n t l y ,  

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

l e s s   f o u l i n g .   F u r t h e r   e n e r g y   s a v i n g s   may  r e s u l t   f rom  a n  

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

wh ich   may  a l l o w   a  h i g h e r   t e m p e r a t u r e   r e f r i g e r a n t   to  b e  

used   in  t h e   c o n d e n s e r   and  from  t he   i n c r e a s e   in  e f f i c i e n c y  

due  to  a  g r e a t e r   number   of  t r a y s   in  two  t o w e r s   t h a n   o n e  

c o n v e n t i o n a l   t o w e r .  



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

is  o p e r a t e d   at  a  p r e s s u r e   of  f rom  150  to   180,   say  165  

p s i a ;   t h e   b o t t o m s   t e m p e r a t u r e s   may  be ,   say   3 9 ° F ,   w h i l s t  

t he   o v e r h e a d s   t e m p e r a t u r e   in  t h e   f i r s t   t o w e r   may  be  f r o m  

-30  to  - 1 5 ° F .   The  s e c o n d   t o w e r   p r e f e r a b l y   o p e r a t e s   at  a 

p r e s s u r e   of   150  p s i a   or  l e s s ,   f o r   e x a m p l e   f rom  75  to  150  

p s i a .   I t   is   p r e f e r r e d   to  o p e r a t e   t h e   s e c o n d   t o w e r   at  a  

b o t t o m s   t e m p e r a t u r e   of  up  to   180°F   ( w h i c h   is   t he   t e m p e r a t u r e  

of  t he   h e a t i n g   w a t e r   in  t he   r e b o i l e r ) ,   more   p r e f e r a b l y  

f rom  130  to  1 7 0 ° F ,   say   1 5 0 ° F .   The  o v e r h e a d s   t e m p e r a t u r e  

in  t he   s e c o n d   t o w e r   i s   p r e f e r a b l y   some  35  d e g r e e s   F 

g r e a t e r   t h a n   in  t he   f i r s t ,   say   5  to  2 0 ° F ,   f o r   e x a m p l e  

1 0 ° F .  

The  o v e r h e a d s   f rom  t he   f i r s t   and  s e c o n d   t o w e r s   may  b e  

c o m b i n e d ,   bu t   to  do  t h i s   t he   s e c o n d   t o w e r   d i s t i l l a t e   n e e d s  

c o m p r e s s i o n   s i n c e   t h e   s e c o n d   t o w e r   o p e r a t e s   at  a  l o w e r  

p r e s s u r e   t h a n   t he   f i r s t .   H o w e v e r ,   t h e   o v e r h e a d s   s t r e a m  

from  t he   s e c o n d   t o w e r   i s   of  r e l a t i v e l y   s m a l l e r , v o l u m e   t h a n  

the   h i g h e r   p r e s s u r e   o v e r h e a d s   f rom  t h e   f i r s t   t o w e r ,   so  t h e  

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

m i n o r .  

In  g e n e r a l ,   to  a c h i e v e   an  e n e r g y   s a v i n g   o v e r   a  c o n v e n t i o n a l  

s i n g l e   t o w e r   f r a c t i o n a t i o n   in  a d d i t i o n   to  t he   c o n s i d e r a b l e  

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

is   a d v a n t a g e o u s l y   a p p l i e d   to  a  s y s t e m   w h e r e i n   t he   m a j o r  



p o r t i o n   of  t h e   d e s i r e d   l i g h t   end  ( e . g .   C3-)  is  s e p a r a t e d  

in  t he   f i r s t   t o w e r ;   t h e   o v e r h e a d   t e m p e r a t u r e   of  t he   f i r s t  

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

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

s e c o n d   t o w e r   i s   i n c r e a s e d ,   a n d / o r   t he   b o t t o m s   t e m p e r a t u r e  

is  r e d u c e d .  

For  a  b e t t e r   u n d e r s t a n d i n g   of  t h e   i n v e n t i o n   and  to  s h o w  

how  t he   same  may  be  c a r r i e d   i n t o   e f f e c t ,   r e f e r e n c e   w i l l  

now  be  made ,   by  way  of  e x a m p l e ,   to  t h e   a c c o m p a n y i n g  

d r a w i n g s ,   in  w h i c h : -  

F i g u r e   1  i s   a  s c h e m a t i c   f l o w s h e e t   of  a  s e p a r a t i o n  

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

d e p r o p a n i z e r ;  

F i g u r e   2  i s   a  s c h e m a t i c   d i a g r a m   of  a  c o n v e n t i o n a l  

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

a n d  

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

c i r c u i t   e m b o d y i n g   t he   m e t h o d   of   t h i s   i n v e n t i o n .  

In  t he   s e p a r a t i o n   p r o c e s s   shown  in  F i g u r e   1  a  f e e d s t o c k  

c o n t a i n i n g   h y d r o g e n   and  C1  to   C10  h y d r o c a r b o n s   i s   c o m p r e s s e d  

at  1,  to  s e p a r a t e   some  C5-C10  h y d r o c a r b o n s .   The  r e m a i n i n g  

H2-C8  m i x t u r e   i s   fed   to  d e p r o p a n i z e r   2,  wh ich   p r o d u c e s   a  

H2-C3  m i x t u r e   o v e r h e a d   w h i c h   i s   fed   to  c o m p r e s s i o n   a n d  

a c e t y l e n e   c o n v e r s i o n   s t a g e   3.  The  C4-C8  b o t t o m s   f r o m  

d e p r o p a n i z e r   2  i s   fed   to  d e b u t a n i z e r   4  and  f u r t h e r   s e p a r a t e d  

i n t o   C4  h y d r o c a r b o n s   ( o v e r h e a d )   and  C5-C8  ( b o t t o m s ) .  



The  p r o d u c t   of  s t a g e   3  is   c h i l l e d   and  d e m e t h a n i z e d   at   5  t o  

g i v e   an  H2/CH4  m i x t u r e   o v e r h e a d   and  C2/C3  b o t t o m s .   T h e  

l a t t e r   i s   t h e n   fed   to  d e e t h a n i z e r   6  w h e r e   t he   C3  h y d r o c a r b o n s  

a re   r e m o v e d   as  b o t t o m s ,   and  f i n a l l y   t h e   C2  h y d r o c a r b o n s  

a re   s e p a r a t e d   in  e t h y l e n e   f r a c t i o n a t o r   7  to  y i e l d   e t h y l e n e  

(C2H4)  and  e t h a n e   ( C 2 H 6 ) .  

A  d e p r o p a n i z e r   s u c h   as  is  c o n v e n t i o n a l l y   used   in  a  c i r c u i t  

such   as  t h e   one   o u t l i n e d   above   i s   shown  in  F i g u r e   2.  T h u s  

c o n v e n t i o n a l l y   t h e   f e e d   is  c h i l l e d   in  a  h e a t   e x c h a n g e r  

10  u s i n g   4 . 5 ° C   p r o p y l e n e   b e f o r e   b e i n g   fed   to  a  s i n g l e  

t o w e r   11,  in  w h i c h   i t   is  f r a c t i o n a t e d   to  y i e l d   C3-  o v e r h e a d  

and  C4+  b o t t o m s .   The  o v e r h e a d   i s   p a s s e d   to  a  h e a t   e x c h a n g e r  

12  w h e r e   i t   i s   c o n d e n s e d   u s i n g   - 3 7 . 8 ° C   p r o p y l e n e ,  a n d  t h e n  

fed  to  r e f l u x   drum  13,  from  w h i c h   p a r t   i s   r e f l u x e d   back   t o  

the   t o w e r   and  p a r t   is   fed  to  t h e   c o m p r e s s i o n   and  a c e t y l e n e  

c o n v e r s i o n   s t a g e   3  ( F i g u r e   1) .   A  s t e a m   h e a t e d   r e b o i l e r  

14  is   p r o v i d e d   to  h e a t   the   f eed   and  so  p r o d u c e   the   n e c e s s a r y  

v a p o u r   in  t h e   t o w e r .   T y p i c a l l y   t h e   d e p r o p a n i z e r   w o u l d  

have  to  be  o p e r a t e d   at  a  p r e s s u r e   in  t h e   r a n g e   9 -13   b a r ,  

f o r   e x a m p l e   at   1 1 . 4   b a r   ( 1 1 . 6   x  104  k g m - 2 ,   165  p s i a )   w i t h  

a  b o t t o m   t e m p e r a t u r e   of   9 8 ° C .  

The  m e t h o d   of  t h e   i n v e n t i o n   u t i l i z e s   t h e   a r r a n g e m e n t   s h o w n  

in  F i g u r e   3  in  w h i c h   t he   f e ed   is  a g a i n   c o o l e d   in  h e a t  

e x c h a n g e r   10,  b u t   t h e n   s e p a r a t e d   i n t o   v a p o u r   and  l i q u i d  

c o m p o n e n t s   in  a  f l a s h   drum  20.  The  v a p o u r ,   wh ich   m a y  



be  f o r   e x a m p l e   some  90%  of  t he   t o t a l ,   i s   fed  to  a  f i r s t  

t o w e r   21  w h e r e   i t   i s   s e p a r a t e d   i n t o   a  C3-  o v e r h e a d   a n d  

b o t t o m s   c o n t a i n i n g   C2-C4  w i t h   some  H2  and  CH4.  T h e  

o v e r h e a d   i s   c o o l e d   in  a  h e a t   e x c h a n g e r   22  w i t h   - 3 7 . 8 ° C  

p r o p y l e n e   and  fed   to  a  r e f l u x   drum  23,   f rom  w h i c h   some  i s  

r e f l u x e d   t h r o u g h   t h e   f i r s t   t o w e r   21,  and  some  i s   t a k e n  

o f f   to  t h e   c o m p r e s s i o n   and  a c e t y l e n e   c o n v e r s i o n   s t a g e   3 

( F i g u r e   1 ) .   The  b o t t o m s   of  t he   f i r s t   t o w e r   21  i s   c o m b i n e d  

w i t h   t h e   l i q u i d   p o r t i o n   of  t he   f e ed   f rom  f l a s h   drum  20  a n d  

fed  to  t h e   s e c o n d   t o w e r   24,  in  t h i s   e m b o d i m e n t   a  d e p r o -  

p a n i z e r ,   in  w h i c h   i t   i s   s e p a r a t e d   i n t o   C3-  o v e r h e a d   a n d  

C4+  b o t t o m s .   The  s e c o n d   t o w e r   24  t y p i c a l l y   o p e r a t e s   a t  

6.7  kgm-2  (96  p s i a )   w i t h   a  b o t t o m s   t e m p e r a t u r e   of  6 3 ° C ,  

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

l e s s   f o u l i n g .   The  s e c o n d   t o w e r   24  i s   p r o v i d e d   w i t h   a  

r e b o i l e r   25  w h i c h   n e e d   o n l y   be  h e a t e d   by  h o t   w a t e r   r a t h e r  

t h a n   s t e a m   b e c a u s e   of  t h e   l o w e r   p r e s s u r e   and  b o t t o m s  

t e m p e r a t u r e   at   w h i c h   t h e   t o w e r   is  o p e r a t e d .   The  o v e r h e a d  

from  t o w e r   24  i s   c o o l e d   in  a  h e a t   e x c h a n g e r   26  u s i n g   - 1 8 ° C  

p r o p y l e n e   and  fed   to   a  r e f l u x   drum  27  f r o m   w h i c h   some  i s  

r e t u r n e d   to  t h e   t o w e r ,   and  some  is  fed   v i a   a  c o m p r e s s o r   28  

to  t h e   n e x t   s t a g e   3  ( F i g u r e   1 ) .  

With   s p e c i f i c   r e f e r e n c e   to  t he   a r r a n g m e n t   d e s c r i b e d   w i t h  

r e g a r d   to  F i g u r e   3,  a  c o n s i d e r a b l e   o v e r a l l   e n e r g y   s a v i n g  

may  be  a c h i e v e d   o v e r   t h e   c o n v e n t i o n a l   a r r a n g e m e n t   shown  i n  



F i g u r e   2,  as  w e l l   as  a  s i g n i f i c a n t   r e d u c t i o n   in  f o u l i n g .  

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

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

the   at  l e a s t   p a r t i a l   r e m o v a l   of  H2  and  CH4  in  t he   f i r s t  

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

M o r e o v e r ,   t h e   t o w e r   o p e r a t i n g   t e m p e r a t u r e   p e r m i t s   t he   u s e  

of  a  c h e a p   s e c o n d a r y   h e a t   s o u r c e   ( h o t   w a t e r )   in  t h e  

r e b o i l e r ,   r a t h e r   t h a n   the   h i t h e r t o   n e c e s s a r y   use   of  t h e  

e x p e n s i v e   p r i m a r y   h e a t   s o u r c e ,   s t e a m .   F u r t h e r   t h e   o v e r -  

head   f rom  t h e   s e c o n d   t o w e r   i s   c o n d e n s e d   u s i n g   h i g h e r  

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

The  r e d u c e d   p r e s s u r e   of  t he   o v e r h e a d s   d o e s ,   t h o u g h ,   m e a n  

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

f i r s t   and  s e c o n d   t o w e r s   can  be  c o m b i n e d .  



1.  A  m e t h o d   of  s e p a r a t i n g   l i g h t   e n d s   f rom  a  m i x e d  

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

by  f r a c t i o n a t i o n   to  o b t a i n   a  l i g h t   end  c u t   a n d  

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

t h e   f e e d   is  f r a c t i o n a t e d   in  a  f i r s t   t o w e r   so  as  t o  

p r o v i d e   t h e   d e s i r e d   l i g h t   end  c u t   as  t h e   v a p o u r  

d i s t i l l a t e   t h e r e o f ,   and  t he   b o t t o m s   of   t h e   f i r s t  

t o w e r   and  t he   l i q u i d   p o r t i o n   of  t h e   f e e d   a r e   f r a c t i o n -  

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

t h a n   t h e   f i r s t   t o w e r   to  p r o v i d e   a  f u r t h e r   amoun t   o f  

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

2.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1  c h a r a c t e r i s e d   in  t h a t  

t h e   l i g h t   end  c u t   c o m p r i s e s   C3  h y d r o c a r b o n s   a n d  

l i g h t e r   m a t e r i a l s .  

3.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1  or   2  c h a r a c t e r i s e d  

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

n a p h t h a .  

4.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1,  2  or   3  c h a r a c t e r i s e d  

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

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

c o m p r e s s e d   to  t h e   same  p r e s s u r e   as  t h e   v a p o u r   d i s t i l l a t e  

of  t h e   f i r s t   t o w e r .  



5.  A  m e t h o d   as  c l a i m e d   in  any  of  t he   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   in  t h a t   t h e   f i r s t   t o w e r   is   o p e r a t e d   a t  

a  p r e s s u r e   of  from  150  to  180  p s i a .  

6.  A  m e t h o d   as  c l a i m e d   in  any  of   t he   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   in  t h a t   t h e   s e c o n d   t o w e r   is   o p e r a t e d   a t  

a  p r e s s u r e   of  f rom  75  to  150  p s i a .  

7.  A  m e t h o d   as  c l a i m e d   in  any  of  t he   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   in  t h a t   t h e   v a p o u r   d i s t i l l a t e   t e m p e r a t u r e  

in  t h e   f i r s t   t o w e r   is  f rom  - 3 0 ° F   to  - 1 5 ° F .  

8.  A  m e t h o d   as  c l a i m e d   in  any  of   t he   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   in  t h a t   t he   v a p o u r   d i s t i l l a t e   t e m p e r a t u r e  

in  t h e   s e c o n d   t o w e r   is  f rom  5  to  2 0 ° F .  

9.  A  m e t h o d   of  s e p a r a t i n g   C3-  m a t e r i a l s   f rom  a  s t e a m  

c r a c k e d   n a p h t h a   in  the   p r o d u c t i o n   of  e t h y l e n e  

c h a r a c t e r i s e d   in  t h a t   t he   s t e a m   c r a c k e d   n a p h t h a   f e e d  

is   d e p r o p a n i z e d   by  d e l i v e r i n g   t he   v a p o u r   p o r t i o n   o f  

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

c o n t a i n i n g   t h e   m a j o r i t y   of  t he   C3-  m a t e r i a l s   f rom  t h e  

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

t h e   l i q u i d   f rom  t he   f e e d ,   f r a c t i o n a t i n g   t h e   c o m b i n e d  

b o t t o m s   and  l i q u i d   in  a  s e c o n d   t o w e r   o p e r a t i n g   at  a  

l o w e r   p r e s s u r e   t h a n   the   f i r s t   t o w e r   to  s e p a r a t e   t h e  

r e m a i n i n g   C3-  m a t e r i a l s   as  t he   v a p o u r   d i s t i l l a t e   o f  



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

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

v a p o u r   d i s t i l l a t e   f rom  t he   f i r s t   t o w e r   to  form  a  f e e d  

f o r   t h e   s u b s e q u e n t   s t a g e s   of  e t h y l e n e   r e c o v e r y .  

10.  A p p a r a t u s   f o r   s e p a r a t i n g   l i g h t   e n d s   f rom  a  m i x e d  

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

by  f r a c t i o n a t i o n   to  o b t a i n   a  l i g h t   end  cu t   a n d  

b o t t o m s ,   w h i c h - a p p a r a t u s   c o m p r i s e s .  

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

l i q u i d   and  v a p o u r   p o r t i o n s ;  

(b)  a  f i r s t   t o w e r   o p e r a b l e   a t   a  f i r s t   p r e s s u r e   f o r  

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

d e s i r e d   l i g h t   end  cu t   as  v a p o u r   d i s t i l l a t e ,   a n d  

b o t t o m s ;  

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

s a i d   s e p a r a t i n g   means   to  s a i d   f i r s t   t o w e r ;  

(d)  a  s e c o n d   t o w e r   o p e r a b l e   at   a  p r e s s u r e   w h i c h   i s  

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

t h e   b o t t o m s   of  t he   f i r s t   t o w e r   and  t he   l i q u i d  

p o r t i o n   of   t he   f e e d   to  p r o v i d e   a  f u r t h e r   a m o u n t  

of   t h e   d e s i r e d   l i g h t   end  cu t   as  v a p o u r   d i s t i l l a t e ;  

a n d  

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

t o w e r   and  t h e   l i q u i d   p o r t i o n   of   t h e   f e e d   to  s a i d  

s e c o n d   t o w e r .  
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