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g*)  Removal  of  metallic  contaminants  from  petroleum  fractions. 

A  method  for  reducing  the  metal  contaminant  concen- 
tration  in  a  petroleum  fraction  containing  a  metal  contami- 
nant  is  disclosed.  The  petroleum  feedstock  is  contacted  in  a 
contacting  zone  (10)  with  S02  or  a  SO2  precursor  (14)  at  an 
elevated  temperature  after  which  the  petroleum  fraction  is 
either  deasphalted  (Figure  6,  20)  or  vacuum  distilled  (Figure 
7,  120).  The  petroleum  fraction  is  thereby  separated  into  a 
first  fraction  relatively  lean  in  the  metal  contaminant  and  a 
second  phase  relatively  rich  in  the  metal  contaminant. 



The   p r e s e n t   i n v e n t i o n   g e n e r a l l y   r e l a t e s   t o  

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

t i o n s .   S p e c i f i c a l l y ,   t h e   p r e s e n t   i n v e n t i o n   r e l a t e s   t o  

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

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

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

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

n o r m a l l y   c o n t a i n   i r o n ,   n i c k e l ,   v a n a d i u m   and   o t h e r   m e t a l -  

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

p e t r o l e u m   p r o c e s s i n g   o p e r a t i o n s .   As  t h e   c u t   p o i n t ,   t h e  

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

in   t h e   d i s t i l l a t e   i n c r e a s e s ,   t h e   f r a c t i o n   o f   t h e   f e e d  

r e c o v e r e d   as   d i s t i l l a t e   i n c r e a s e s .   H o w e v e r ,   as   t h e   c u t  

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

t i l l a t e   a l s o   i n c r e a s e s .   In  p e t r o l e u m   p r o c e s s i n g   o p e r a -  
t i o n s   s u c h   as   c a t a l y t i c   c r a c k i n g   t h e   p r e s e n c e   o f   t h e s e  

m e t a l l i c   c o n t a m i n a n t s   in  t h e   p e t r o l e u m   f e e d ;  e . g . ,   in   a  

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

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

and  c o k e   m a k e s ,   a  l o s s   in   g a s o l i n e   y i e l d ,   a  l o s s   in   c o n -  

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

The  m e t a l   c o n t a m i n a n t   c o n c e n t r a t i o n   g e n e r a l l y   i s   h i g h e r  

in  t h e   h e a v i e r   f e e d s t o c k s .   T h u s ,   t h e   r e m o v a l   o f   m e t a l  

c o n t a m i n a n t s   i s   b e c o m i n g   more   i m p o r t a n t   as  i n c r e a s i n g l y  

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

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

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

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

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

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

p r o c e s s e s ,   h y d r o t r e a t i n g   p r o c e s s e s   and  HF  e x t r a c t i o n .  

U .S .   P a t e n t   No.   2 , 9 2 6 , 1 2 9   i s   d i r e c t e d   a t   t h e   r e m o v a l   o f  

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

a  t e m p e r a t u r e   of 343.3 to 454.4°C (650-850°F) for  0 . 1   to   5  h o u r s   a f t e r   w h i c h  

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



in  t h e   p e t r o l e u m   f r a c t i o n ,   s u c h   as  HC1,  to  c o a g u l a t e  

t h e   m e t a l l i c   c o n t a m i n a n t s .   A  s l u d g i n g   c o m p o n e n t ,   s u c h  

as  a  l i q u i d   S02  is   t h e n   a d d e d   to  t h e   p e t r o l e u m   f r a c t i o n  

a t   t h e   r a t e   of   0 .1   to  3  v o l u m e s   of  S02  p e r   v o l u m e   of   o i l  

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

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

0 .1   to   10  v o l u m e s   p e r   v o l u m e   of   o i l   to  s e p a r a t e   t h e  

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

o p e r a t e d   a t   temperatures of -1.11°C to 148.9°C (30  to  300°F)  and gouge pressures of 1.7577 to 35.155 kg/cm2 
(25  to  500  p s i g ) .   T h i s   p a t e n t   a l s o   d i s c l o s e s   in   a  t a b l e  

in  c o l u m n   5  t h a t   a  l e s s   e f f e c t i v e   r e d u c t i o n   in  m e t a l s  

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

u t i l i z i n g   t h e   s o l v e n t   and  l i q u i d   S02,  w i t h o u t   t h e   a c i d .  

Use  of   t h e   p r o c e s s   d e s c r i b e d   in  t h i s   p a t e n t   i s   n o t  

d e s i r a b l e ,   s i n c e   r e l a t i v e l y   l a r g e   q u a n t i t i e s   of   s u l f u r  

d i o x i d e   in  t h e   l i q u i d   s t a t e   a r e   r e q u i r e d ,   w h i c h   n e c e s s i -  

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

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

S02  f rom  t h e   r e c o v e r e d   o i l .   M o r e o v e r ,   a d d i t i o n   of   a n  

a c i d ,   s u c h   as  HC1  wou ld   r e q u i r e   t h a t   t h e   p r o c e s s i n g  

e q u i p m e n t   be  a c i d   r e s i s t a n t .   In  a d d i t i o n ,   t h e   p r e s e n c e  
of  a c i d i c   c o m p o u n d s   in  t h e   r e c o v e r e d   o i l   w o u l d   b e  

i n j u r i o u s   to  c a t a l y s t s   u s e d   in   s u b s e q u e n t   p r o c e s s i n g .  

U .S .   P a t e n t   No.  3 , 2 9 4 , 6 7 8   i s   d i r e c t e d   a t   a  

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

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

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

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

f i t e   in  a q u e o u s   s o l u t i o n   u n d e r   a gauge pressure  in  t h e   r a n g e  

of 10.546 to 240.414 kg/cm2 (150  to  2000  p s i g )  i n   t he   p r e s e n c e   of  s u f f i c i e n t   s u l f u r  

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

o x i d e   i s   w i t h i n   t he   r a n g e   of   about 10.546 to 105.46 kg/cm2 (150  to  a b o u t   1500  p s i g ) .  

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

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

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

no t   d e s i r a b l e   b e c a u s e   of  t h e   a d d i t i o n a l   s t e p s   o f   s e p a r a t -  

i ng   t h e   w a t e r   f r a c t i o n   f rom  t h e   p e t r o l e u m   f r a c t i o n   a n d  



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

m a t e r i a l .  

U . S .   P a t e n t   No.  2 , 9 6 9 , 3 2 0   d i s c l o s e s   a  m e t h o d  

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

h y d r o c a r b o n   l i q u i d s   by  i n j e c t i n g   s u l f u r   d i o x i d e   i n t o   t h e  

l i q u i d   to  fo rm  an  i n s o l u b l e   l e a d   s u l f i d e   w h i c h   may  s u b -  

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

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

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

p r e s e n c e   of   s u l f u r   d i o x i d e   p r i o r   to   d e a s p h a l t i n g   or   d i s -  

t i l l a t i o n .  

U . S .   P a t e n t   No.  3 , 0 9 5 , 3 6 8   d e s c r i b e s   a  m e t h o d  

fo r   s e l e c t i v e l y   r e m o v i n g   i r o n ,   n i c k e l   and  v a n a d i u m   f r o m  

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

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

to  c o a g u l a t e   t h e   m e t a l l i c   c o m p o u n d .   The  m e t a l l i c   c o m -  

p o u n d s   a r e   t h e n   s e p a r a t e d .   T h i s   p r o c e s s   r e q u i r e s   t h e  

use   of  m i n e r a l   a c i d s   w h i c h   a r e   c o r r o s i v e   and  r e q u i r e s  

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

In  a  p a p e r   p r e s e n t e d   a t   t h e   1980  m e e t i n g   o f  

the   D i v i s i o n   of   P e t r o l e u m   C h e m i s t r y   of   t he   A m e r i c a n  

C h e m i c a l   S o c i e t y ,   B u k o w s k i   and  G u r d z i n s k a   d i s c l o s e d   a  

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

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

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

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

cumene  h y d r o p e r o x i d e   (CHP)  f o r   up  to   s i x   h o u r s   a t   1 2 0 ° C .  

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

f r o m   t h e   a t m o s p h e r i c   r e s i d u u m   f e e d   and  d e c r e a s e d   t h e  

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

used   as  f e e d   f o r   a  c a t a l y t i c   c r a c k i n g   u n i t .   T h i s  p r o -  

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

c o s t   of   t h e   CHP  r e q u i r e d   and  t h e   l o n g   t r e a t m e n t   t i m e s  

i n v o l v e d .  

B r i t i s h   P a t e n t   A p p l i c a t i o n   No.  2 , 0 3 1 , 0 1 1  

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

c o n t e n t   of  a  h e a v y   o i l   by  h y d r o t r e a t i n g   t h e   o i l   in  t h e  



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

Group   Ib ,   I I b ,   I I I a ,   Va,  VI,   and  V I I I   of   t he   P e r i o d i c  

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

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

a r e   r e q u i r e d   in  a d d i t i o n   to  a  l a r g e   i n v e s t m e n t   in   h y d r o -  

t r e a t i n g   r e a c t o r s   and  p r o c e s s   e q u i p m e n t .  

A c c o r d i n g l y ,   i t   i s   d e s i r a b l e   to   p r o v i d e   a  

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

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

t he   a d d i t i o n   of  l a r g e   a m o u n t s   of   a c i d i c   m a t e r i a l s .  

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

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

ment   and  w i t h o u t   t h e   a d d i t i o n   of  a  l a r g e   number   of   a d d i -  

t i o n a l   p r o c e s s i n g   o p e r a t i o n s .  

SUMMARY  OF  THE  INVENTION 

The  s u b j e c t   i n v e n t i o n   i s   d i r e c t e d   a t   a  m e t h o d  

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

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

w h i c h   may  c o n t a i n   an  a s p h a l t e n i c   c o m p o n e n t   c o m p r i s i n g  
t h e   s t e p s   o f :  

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

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

r e j e c t i o n   a g e n t   s e l e c t e d   f rom  t h e   c l a s s   c o n s i s t i n g   o f  

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

b.  t h e r e a f t e r   e i t h e r :  

I .   c o n t a c t i n g   t h e   p e t r o l e u m   f r a c t i o n   w i t h   a  

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

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

c o n t a m i n a n t ,   a f t e r   W h i c h  t h e   f i r s t   and  s e c o n d   f r a c t i o n s  

a r e   s e p a r a t e d ;   o r ,  
I I .   p a s s i n g   t h e   p e t r o l e u m   f r a c t i o n   i n t o   a  

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

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



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

m e t a l   c o n t a m i n a n t   c o n c e n t r a t i o n .  

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

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

is   p a s s e d   i n t o   a  c o n t a c t i n g   zone   m a i n t a i n e d   a t   a  t e m p e r -  

a t u r e   r a n g i n g   b e t w e e n   a b o u t   200°C  and  450°C  f o r   a b o u t  

0 . 0 l . t o   a b o u t   5  h o u r s ,   s a i d   c o n t a c t   t i m e   v a r y i n g  

i n v e r s e l y   w i t h   t e m p e r a t u r e   in  t h e   p r e s e n c e   o f . a b o u t   0 . 5  

to  a b o u t   5 .0   w e i g h t   p e r c e n t   s u l f u r   d i o x i d e   in   t h e   v a p o r  

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

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

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

c o n t a c t e d   in  a  d e a s p h a l t i n g   zone   w i t h   an  e f f e c t i v e  

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

p a n e ,   b u t a n e ,   p e n t a n e   or  h e x a n e   and  t h e n   s e p a r a t e d   i n t o  

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

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

a s p h a l t e n e   and  m e t a l   c o n t a m i n a n t s .   S o l v e n t   f rom  s a i d  

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

r e c y c l e d   to   t h e   d e a s p h a l t i n g   z o n e .   For   e x a m p l e ,   w h e n  

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

r a t i o   t y p i c a l l y   r a n g e s   f rom  a b o u t   2 :1   to   6 : 1 .   The  a c t u a l  

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

s o l v e n t   and  t h e   f e e d   c h a r a c t e r i s t i c s .   T h e s e   r a t i o s   a r e  

known  by  t h o s e   s k i l l e d   in  t h e   a r t .  

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

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

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

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

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

5 2 0 ° C ` a t   a t m o s p h e r i c   p r e s s u r e ,   p r e f e r a b l y   a b o v e   a b o u t  

565°C  and  m o s t   p r e f e r a b l y   a b o v e   a b o u t   590°C  and  a  b o t t o m s  

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   a  p l o t   of   t h e   e q u i l i b r i u m   w e i g h t  

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

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



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

F i g u r e   2  i s   a  p l o t   of  t h e   w e i g h t   p e r c e n t   o f  

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

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

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

F i g u r e   3  i s   a  p l o t   of  n i c k e l   and  v a n a d i u m  

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

f e e d   as  a  f u n c t i o n   of   t h e   c u t   p o i n t .  

F i g u r e   4  i l l u s t r a t e s   t h e   v o l u m e   p e r c e n t   of  a  

t y p i c a l   f e e d   w h i c h   i s   d i s t i l l e d   as  a  f u n c t i o n   o f   t he   c u t  

p o i n t .  

F i g u r e   5  i s   a  p l o t   of  t h e   w e i g h t   p e r c e n t   o f  

t h e   f e e d   w h i c h   i s   c o n v e r t e d   to   coke   as  a  f u n c t i o n   o f  

t h e   n i c k e l   c o n t e n t   on  t h e   c a t a l y s t   u n d e r   t y p i c a l  

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

F i g u r e   6  i s   a  s i m p l i f i e d   p r o c e s s   f l o w   d i a g r a m  

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

t i o n .  

F i g u r e   7  i s   a  s i m p l i f i e d   p r o c e s s   f l o w   d i a -  

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

j e c t   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

F i g u r e s   1-5  g r a p h i c a l l y   i l l u s t r a t e   t h e  

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

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

i s   c o n s i d e r e d   to  e x h i b i t   a b o u t   o n e - q u a r t e r   o f   t h e  

a d v e r s e   c a t a l y t i c   e f f e c t   of   n i c k e l   on  a  w e i g h t   e q u i v a l e n t  

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

v a n a d i u m   i s   d i s c u s s e d   in   an  a r t i c l e   by  C i m b a l o ,   F o s t e r  

and  W a c h t e l   in  " O i l   and  Gas  J o u r n a l "   May  15,   1 9 7 2 ,  

p a g e s   1 1 2 - 1 2 2 ,   t h e   d i s c l o s u r e   of   w h i c h   i s   i n c o r p o r a t e d  

h e r e i n   by  r e f e r e n c e .  

F i g u r e   1  i l l u s t r a t e s   t h e   r e l a t i o n s h i p   b e t w e e n  

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

ing   c o n d i t i o n s .   F i g u r e   2  i l l u s t r a t e s   t h e   w e i g h t   p e r c e n t  

of  t he   f e e d   c o n v e r t e d   to  h y d r o g e n   as  a  f u n c t i o n   of  t h e  



n i c k e l   c o n c e n t r a t i o n   of  t h e   c a t a l y s t .   F i g u r e   3  i l l u s -  

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

t he   d i s t i l l a t e   f rom  a  t y p i c a l   r e s i d u a l   p e t r o l e u m   f r a c -  

t i o n   as  a  f u n c t i o n   of   t h e   c u t   p o i n t   w h e r e   t he   s u b j e c t  
i n v e n t i o n   has   n o t   b e e n   p r a c t i c e d .   T y p i c a l l y ,   in   t h e  

p r o d u c t i o n   of  vacuum  gas   o i l s ,   t he   c u t   p o i n t   i s   l i m i t e d  

to  a  m a x i m u m   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   5 6 5 ° C .   A b o v e  

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

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

n i c k e l   and  v a n a d i u m   c o n c e n t r a t i o n s .   F i g u r e   4  i l l u s -  

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

w h i c h   i s   d i s t i l l e d   i n t o   a  vacuum  gas  o i l   d i s t i l l a t e   a s  

a  f u n c t i o n   of  t he   c u t   p o i n t .   I t   s h o u l d   be  n o t e d   t h a t ,  

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

f e e d   r e c o v e r e d   as  d i s t i l l a t e   i n c r e a s e s .   Use  of  t h e   s u b -  

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

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

s u b s t a n t i a l l y   t he   same  m e t a l s   c o n t e n t   u t i l i z i n g   a  h i g h e r  

c u t   p o i n t .   F i g u r e   5  i l l u s t r a t e s   t he   w e i g h t   p e r c e n t   o f  

t h e   f e e d   c o n v e r t e d   to  c o k e   as  a  f u n c t i o n   of   t he   n i c k e l  

c o n t e n t   on  the   c a t a l y s t .   W h i l e   F i g u r e s   1,  2  and  5  a r e  

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

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

as  i r o n   and  c o p p e r   may  a l s o   be  p r e s e n t   i n  p e t r o l e u m   f r a c -  

t i o n s .   T h e s e   m e t a l s   a r e   l e s s   c a t a l y t i c a l l y   a c t i v e ,   b u t  

a l s o   may  c o n t r i b u t e   to   e x c e s s i v e   h y d r o g e n   and  coke   p r o -  
d u c t i o n .   As  u s e d   h e r e i n   t h e   t e r m   " m e t a l   c o n t a m i n a n t "  

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

In  t he   d a t a   shown  in  F i g u r e s   2  and  5  a  c o m -  

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

s o l d   u n d e r   t he   t r a d e n a m e   C B Z - l ,   m a n u f a c t u r e d   b y  

D a v i s o n   D i v i s i o n ,   W.R.  G r a c e   and  Company  was  u s e d .   T h e  

CBZ-1  c a t a l y s t   u s e d   was  f i r s t   s t e a m e d   a t   760°C  f o r   16  

h o u r s   a f t e r   wh ich   t h e   c a t a l y s t   was  c o n t a m i n a t e d   w i t h  

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

by  c a l c i n i n g   a t   a b o u t   540°C  f o r   f o u r   h o u r s .   T e s t s   w e r e  

run   u s i n g   a  m i c r o c a t a l y t i c   c r a c k i n g   (MCC)  u n i t .   The  MCC 



u n i t   c o m p r i s e d   a  c a p t i v e   f l u i d i z e d   bed  of   c a t a l y s t   k e p t  

a t   a  c r a c k i n g   zone   t e m p e r a t u r e   of  5 0 0 ° C .   T e s t s   w e r e   r u n  

by  p a s s i n g   a  v a c u u m   gas   o i l   h a v i n g   a  minimum  b o i l i n g  

p o i n t   of  a b o u t   340°C  and  a  maximum  b o i l i n g   p o i n t   of   a b o u t  

565°C  t h r o u g h   t h e   r e a c t o r   f o r   two  m i n u t e s   and  a n a l y z i n g  

f o r   h y d r o g e n   and  c o k e   p r o d u c t i o n .   I t   can   be  s e e n   t h a t  

as  the   n i c k e l   c o n c e n t r a t i o n   on  t h e   c a t a l y s t   i n c r e a s e s ,  

the   u n d e s i r e d   h y d r o g e n   and  coke   y i e l d s   a l s o   i n c r e a s e .  

Thus , '   i t   can  be  a p p r e c i a t e d   t h a t   a  p r o c e s s   w h i c h   w o u l d  

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

would   be  p a r t i c u l a r l y   u s e f u l .  

R e f e r r i n g   to  F i g u r e   6,  one  m e t h o d   f o r   p r a c -  

t i c i n g   t h e   s u b j e c t   i n v e n t i o n   i s   s h o w n .   In  t h i s   f i g u r e  

v a l v e s ,   pumps ,   p i p i n g ,   i n s t r u m e n t a t i o n   and  e q u i p m e n t   n o t  

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

have   been   e l i m i n a t e d   f o r   c l a r i t y .   A  p e t r o l e u m   f r a c t i o n  

i s   shown  e n t e r i n g   c o n t a c t i n g   zone  10  t h r o u g h   l i n e   12.   A 

m e t a l s   r e j e c t i o n   a g e n t   i s   a d d e d   to   zone   10  t h r o u g h   l i n e  

14.  T y p i c a l l y   c o n t a c t i n g   zone   10  w i l l   c o m p r i s e   a  p r o c e s s  
v e s s e l   whose   s i z e   i s   a  f u n c t i o n   of  t h e   f e e d   r a t e   t h r o u g h  
l i n e   12  and  t h e   d e s i r e d   r e s i d e n c e   t i m e .   A f t e r   t h e  

r e q u i s i t e   r e s i d e n c e   t i m e   in  zone   10,  t h e   p e t r o l e u m   f r a c -  

t i o n   is   t r a n s f e r r e d   t h r o u g h   l i n e   16  to   a  d e a s p h a l t i n g  

zone  20  w h i c h   c o m p r i s e s   a  c o u n t e r c u r r e n t   m i x i n g   t o w e r ,  
in  wh ich   t h e   p e t r o l e u m   f r a c t i o n   i s   c o n t a c t e d   w i t h   a  s o l -  

v e n t   e n t e r i n g   t h r o u g h   l i n e   22  to   f o rm  a  f i r s t  f r a c t i o n  

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

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

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

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

the   top   of  t o w e r   20  t h r o u g h   l i n e   24  to   a  s e p a r a t i o n   z o n e  

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

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

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

zone  30  t h r o u g h   l i n e   32  and  a  s o l v e n t   f r a c t i o n   w h i c h  

e x i t s   zone  30  t h r o u g h   l i n e   34  and  i s   r e c y c l e d   to  zone   20 

t h r o u g h   l i n e   22.   The  s e c o n d   f r a c t i o n   c o m p r i s i n g   a  m o l t e n  



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

is   w i t h d r a w n   f rom  t h e   b o t t o m   of  t o w e r   20  and  fed   v i a  

l i n e   36  to  f l a s h   s e p a r a t i o n   zone   38  w h e r e i n   t he   m i x t u r e  

is   s e p a r a t e d   i n t o   an  a s p h a l t   s t r e a m ,   e x i t i n g   t h r o u g h   l i n e  

42,  and  a  s o l v e n t   s t r e a m   w h i c h   i s   r e t u r n e d   v i a   l i n e s   40  

and  22  to  m i x i n g   zone   20.  The  o p e r a t i n g   c o n d i t i o n s   f o r  

d e a s p h a l t i n g   o p e r a t i o n s   a r e   d e p e n d e n t   upon  t he   t y p e   o f  

s o l v e n t ,   s o l v e n t   to   o i l   r a t i o   and  t he   c h a r a c t e r i s t i c s   o f  

t h e   f e e d s t o c k   to  t h e   d e a s p h a l t i n g   o p e r a t i o n .   T h e s e   v a r i -  

a b l e s   a r e   known  by  t h o s e   s k i l l e d   in  t he   a r t .   A  d i s c u s s i o n  

of  d e a s p h a l t i n g   o p e r a t i o n s   in   g e n e r a l   may  be  f o u n d   i n  

A d v a n c e s   in   P e t r o l e u m   C h e m i s t r y   and  R e f i n i n g ,   v o l u m e   5 ,  

p a g e s   2 8 4 - 2 9 1 ,   J o h n   W i l e y   and  S o n s ,   New  York ,   New  Y o r k  

( 1 9 6 2 ) ,   t h e   d i s c l o s u r e   of  w h i c h   is   i n c o r p o r a t e d   h e r e i n  

by  r e f e r e n c e .  

R e f e r r i n g   to  F i g u r e   7 , a n o t h e r   m e t h o d   f o r  

p r a c t i c i n g   t h e   s u b j e c t   i n v e n t i o n   is   shown.   A  p e t r o l e u m  
f r a c t i o n   i s   shown  e n t e r i n g   c o n t a c t i n g   zone  110  t h r o u g h  
l i n e   112.   A  m e t a l   r e j e c t i o n   a g e n t   is   added   to  zone   1 1 0  

t h r o u g h   l i n e   114 .   T y p i c a l l y   c o n t a c t i n g   zone  110  w i l l  

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

f e e d   r a t e   t h r o u g h   l i n e   112  and  t h e   d e s i r e d   r e s i d e n c e   t i m e .  

A f t e r   t he   r e q u i s i t e   r e s i d e n c e   t i m e   in  zone  110  t h e   p e t r o -  
leum  f r a c t i o n   i s   t r a n s f e r r e d   t h r o u g h   l i n e   116  to   a  v a c u u m  

s e p a r a t i o n   zone   120  in   w h i c h   t h e   f e e d s t o c k   i s   s e p a r a t e d  
i n t o   a  d i s t i l l a t e   122  and  a  b o t t o m s   p r o d u c t   1 2 4 .  

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

p a s s e d   i n t o   c o n t a c t i n g   z o n e s   10  and  110  i s   no t   c r i t i c a l .  

T y p i c a l l y   t h i s   w i l l   c o m p r i s e   t h e   b o t t o m s   f rom  an  a t m o s -  

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

p o i n t   of  a b o v e   a b o u t   285°C  w h i c h   has   a  t o t a l   e l e m e n t a l  

m e t a l   c o n t a m i n a n t   c o n t e n t   r a n g i n g   b e t w e e n   a b o u t   1  a n d  

a b o u t   2000+  p a r t s   p e r   m i l l i o n   by  w e i g h t   (WPPM),  a l t h o u g h  
o t h e r   f e e d s t o c k s   h a v i n g   h i g h   m e t a l   c o n t e n t   may  a l s o   b e  

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

as  to  m i n i m i z e   c o s t s ,   t h e   a m o u n t   of  m e t a l   r e j e c t i o n   a g e n t  
u sed   s h o u l d   be  t h e   l o w e s t   a m o u n t   wh ich   w i l l   g i v e   e f f e c t i v e  



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

of  m e t a l   r e j e c t i o n   a g e n t   r e q u i r e d   w i l l   be  a  f u n c t i o n   o f  

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

The  m e t a l   r e j e c t i o n   a g e n t   may  be  s e l e c t e d   f rom  t h e   c l a s s  

c o n s i s t i n g   of  v a p o r   p h a s e   s u l f u r   d i o x i d e   and  p r e c u r s o r s  
of  v a p o r   p h a s e   s u l f u r   d i o x i d e ,   such   as  s u l f u r o u s   a c i d ,  

ammonium  b i s u l f i t e   and  a l k y l   m e t a l   b i s u l f i t e s .   Of  t h e s e ,  

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

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

S02  a d d e d   to  t h e   h i g h   m e t a l s   f e e d   w i l l   r a n g e   f rom  a b o u t  

0 .5   to  a b o u t   5 .0   w e i g h t   p e r c e n t   of   t h e   f e e d ,   p r e f e r a b l y  

a b o u t . 1   to  a b o u t   3  w e i g h t   p e r c e n t .   I f   a  p r e c u r s o r   of  S 0 2  
is   u s e d ,   t he   p r e c u r s o r   c o n c e n t r a t i o n   s h o u l d   be  s u f f i c i e n t  

to  f u r n i s h   S02  c o n c e n t r a t i o n s   of   f rom  0 .5   to  5 .0   w e i g h t  

p e r c e n t   of  t h e . f e e d ,   and  p r e f e r a b l y   1-3   w e i g h t   p e r c e n t   o f  

the   f e e d .  

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

in  c o n t a c t i n g   zone   10  m u s t   be  s u f f i c i e n t   to   p r o v i d e   a d e -  

q u a t e   c o n t a c t i n g   b e t w e e n   t h e   m e t a l   r e j e c t i o n   a g e n t   a n d  

t h e   p e t r o l e u m   f r a c t i o n .   The  r e s i d e n c e   t i m e   in   z o n e s   10  

and  110  i s   a  f u n c t i o n   of   t h e   s p e c i f i c   m e t a l   r e j e c t i o n  

a g e n t   u t i l i z e d ,   t h e   p r o c e s s   c o n d i t i o n s   in   z o n e s   10  a n d  

110  and  t h e   m e t a l   c o n t a m i n a n t   c o n t e n t   of   t h e   p e t r o l e u m  
f r a c t i o n .   T y p i c a l l y ,   t h e   c o n t a c t i n g   t i m e   in  z o n e s   10  

and  110  r a n g e s   b e t w e e n   0 . 0 1   and  5  h o u r s .   The  t e m p e r a t u r e  
in  z o n e s   10  and  110  i s   a b o v e   t h e   c r i t i c a l   t e m p e r a t u r e   o f  

S02,   a p p r o x i m a t e l y   1 5 7 . 7 ° C   and  t y p i c a l l y   may  r a n g e  
b e t w e e n   a b o u t   200°C  and   a b o u t   4 5 0 ° C ,   p r e f e r a b l y   b e t w e e n  

a b o u t  2 5 0 ° C   and  a b o u t   4 0 0 ° C , w h i l e   t h e / p r e s s u r e   may  r a n g e  
b e t w e e n   about 1.406 and 28.123 kg/cm2 (20  and  a b o u t   400  ps ig ) ,   p r e f e r a b l y   b e t w e e n  

3.5155 and 14.0614 kg/cm2 (about 50  a n d  a b o u t   200  p s i g ) .  

In  t h e   p r o c e s s   shown  in  F i g u r e   6  t h e   t e m p e r a -  
t u r e   in  d e a s p h a l t i n g   zone  20  g e n e r a l l y   may  r a n g e   b e t w e e n  

a b o u t   25  and  2 5 0 ° C ,   w h i l e   the gauge pressure  may  r a n g e   b e t w e e n ;  
( a b o u t   0  and  600  p s ig ) .   The  d e a s p h a l t i n g   a g e n t   or   s o l v e n t  

a d d e d   may  be  any  s o l v e n t   e f f e c t i v e   f o r   d e a s p h a l t i n g   t h e  

p e t r o l e u m   f r a c t i o n .   T y p i c a l l y ,   an  o r g a n i c   s o l v e n t ,  



p r e f e r a b l y   an  a l k a n e ,   i s   a d d e d   to  m i x i n g   zone  20  in  a  

r a t i o   of  s o l v e n t   to  p e t r o l e u m   f r a c t i o n   of  f rom  a b o u t  

1 :1   to  a b o u t   20 :1   by  v o l u m e .   Among  t he   p r e f e r r e d   a l k a n e  

s o l v e n t s   a r e   p r o p a n e ,   b u t a n e ,   p e n t a n e   and  h e x a n e ,   w i t h  

t h e   mos t   p r e f e r r e d   b e i n g   p r o p a n e .   D e a s p h a l t i n g   zone   20 

may  c o m p r i s e   c o n v e n t i o n a l   m i x i n g   e q u i p m e n t   s u c h   as  a  

c o u n t e r c u r r e n t   c o n t a c t i n g   t o w e r .   S e p a r a t i o n   z o n e s   30  

and  38  c o m p r i s e   means   by  w h i c h   t h e   d e a s p h a l t e d  o i l   a n d  

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

s o l v e n t .   T y p i c a l l y ,   t h e s e   s e p a r a t i o n   z o n e s   c o m p r i s e  

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

s e p a r a t i o n   z o n e s   30  and  38  a r e   w e l l   known  by  t h o s e   s k i l l e d  

in  t he   a r t .   When  p r o p a n e   i s   u s e d   as  t he   d e a s p h a l t i n g  

a g e n t ,   t  e t p r e s s u r e   in  s e p a r a t i o n   z o n e s   30  and  38 

t y p i c a l l y   r a n g e s   b e t w e e n   about 17.5769 and 21.092/kg/cm2 (250  and  a b o u t   300  p s i g ) .  

The  t e m p e r a t u r e s   in  zone  30  t y p i c a l l y   may  r a n g e   b e t w e e n  

150  and  1 7 5 ° C ,   w h i c h   t he   t e m p e r a t u r e   in  zone  38  m a y  

r a n g e   b e t w e e n   a b o u t   225°C  and  a b o u t   3 2 5 ° C .  

In  t h e   p r o c e s s   shown  in  F i g u r e   7,  v a c u u m  

s e p a r a t i o n   zone  120,   g e n e r a l l y   c o m p r i s i n g   a  d i s t i l l a t i o n  

c o l u m n   may  be  of  c o n v e n t i o n a l   d e s i g n .   The  s p e c i f i c  

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

t i o n   e n t e r i n g   t h r o u g h   l i n e   116  and  t he   d e s i r e d   d i s t i l l a t e  

c o m p o s i t i o n   e x i t i n g   t h r o u g h   l i n e   122.   The  d e s i g n   of  t h e  

d i s t i l l a t i o n   c o l u m n   i s   n o t   c r i t i c a l   and  w o u l d   be  d e t e r -  

m i n e d   by  c o n v e n t i o n a l   d e s i g n   t e c h n i q u e s .   T y p i c a l l y ,   t h e  

a b s o l u t e   p r e s s u r e   m e a s u r e d   a t   t h e   top   of  zone  120  w i l l  

r a n g e   b e t w e e n   a b o u t   10  and  a b o u t   100  mm  Hg,  and  t h e   t e m -  

p e r a t u r e   a t   t he   b a s e   of   zone   120  w i l l   r a n g e   b e t w e e n  

a b o u t   370°C  and  a b o u t   4 5 0 ° C .   The  c u t   p o i n t   of   t h e   d i s -  

t i l l a t e   n o r m a l l y   w i l l   be  a t   l e a s t   550°C  and  may  r a n g e   a s  

h i g h   as  590°C  or  a b o v e .  

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

e f f e c t i v e n e s s   of  t he   s u b j e c t   i n v e n t i o n   in  r e d u c i n g   t h e  

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

C o m p a r a t i v e   e x p e r i m e n t s   we re   c o n d u c t e d   u s i n g   as  t h e  

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



i n i t i a l   b o i l i n g   p o i n t   of  a b o u t   260°C ,   a  n i c k e l   c o n t e n t  

of  34  p a r t s   p e r   m i l l i o n   by  w e i g h t   (wppm)  and  a  v a n a d i u m  

c o n t e n t   of   273  wppm.  In  t h e s e   e x a m p l e s   300  g.  of  t h e  

Tia   J u a n a   r e s i d u u m   was  c h a r g e d   to  a  one  l i t e r   H a s t e l l o y - C  

a u t o c l a v e   w i t h   6 .3   g.  (2 .1   w e i g h t   p e r c e n t   on  f e e d )   o f  

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

to  a b o u t   340°C  f o r   s t i r r e d   c o n t a c t   f o r   t he   i n d i c a t e d  

t ime   d u r i n g   w h i c h   t i m e   the gauge pressure  r e a c h e d   about 8.7884 kg/cm2 (125 
ps ig) .   Upon  c o o l i n g   to   1 5 0 ° C ,   t h e   p r e s s u r e   was  r e l e a s e d  

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

ing  f u r t h e r   to  room  t e m p e r a t u r e .   The  r e s u l t a n t   t r e a t e d  

r e s i d u u m   was  c o n t a c t e d   w i t h   16  v o l u m e s   of  p e n t a n e   p e r  
vo lume   of  r e s i d u u m ,   m i x e d   f o r   0 .5   h o u r   a t   60°C  in  a  
s t i r r e d   a u t o c l a v e   and  t h e n   c o o l e d   to   room  t e m p e r a t u r e .  
The  r e s u l t i n g  m i x t u r e   was  f i l t e r e d   u s i n g   a  #2  W h a t m a n  

p a p e r   to  r e c o v e r   an  a s p h a l t e n e   f r a c t i o n   r e l a t i v e l y   r i c h  

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

r e l a t i v e l y   l e a n   in  a s p h a l t e n e   and  m e t a l .   The  r e s u l t s   o f  

t h e s e   e x p e r i m e n t s   f o r   s u l f u r   d i o x i d e   p r e t r e a t m e n t s   of  60  

and  100  m i n u t e s   a r e   shown  in  T a b l e   1  b e l o w   d e s i g n a t e d   a s  

s a m p l e s   1  and  2,  r e s p e c t i v e l y .   S a m p l e   3  of  T a b l e   1 

i l l u s t r a t e s   t h a t   when  t h e   same  p e t r o l e u m   f e e d s t o c k   d i d  

no t   have   t he   a f o r e m e n t i o n e d   s u l f u r   d i o x i d e   p r e t r e a t m e n t  

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

s a m p l e s   I  and  2,  t h e   r e s u l t i n g   d e a s p h a l t e d   o i l   had  a  

h i g h e r   m e t a l s   c o n t e n t .  



From  T a b l e   1  i t   may  be  s e e n   t h a t   t h e   S 0 2  

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

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

s t a n t i a l   r e d u c t i o n   in   m e t a l s   c o n t e n t   f o r   a  60  m i n u t e   a n d  

a  100  m i n u t e   p r e t r e a t m e n t   as  c o m p a r e d   w i t h   no  p r e t r e a t -  

m e n t . .  

A n o t h e r   t e s t   was  c o n d u c t e d   on  an  i d e n t i c a l  

s a m p l e   of   T ia   J u a n a   a t m o s p h e r i c   r e s i d u u m   to  d e t e r m i n e   i f  

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

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

in  t he   v a p o r   p h a s e   we re   n o t   p r e s e n t   d u r i n g   t h e   h e a t  

t r e a t i n g   s t e p .   Both   s a m p l e s   were   h e a t   t r e a t e d   f o r   t h e  

same  t i m e   and  were   d e a s p h a l t e d   in  a  s i m i l a r   m a n n e r .   A s  

shown  in  T a b l e   I I   b e l o w ,   h e a t   t r e a t i n g   a l o n e   d i d   n o t  

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

c a n t l y .  

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

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

c o m p o u n d s .   T h u s ,   t h e   p r e s e n c e   of  o r g a n o - s u l f u r   c o m p o u n d s  
i n  t h e   p e t r o l e u m   f e e d s t o c k   p r o c e s s e d   even   in  c o m b i n a t i o n  

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

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

S i m i l a r   c o m p a r a t i v e   e x p e r i m e n t s   were   c o n d u c t e d  

to  d e t e r m i n e   the   e f f e c t i v e n e s s   of  the   s u b j e c t   i n v e n t i o n  

in  r e d u c i n g   t h e   m e t a l s   c o n t e n t   of  a  vacuum  gas  o i l .   Com-  

p a r a t i v e   e x p e r i m e n t s   were   made  u s i n g   as  f e e d   a  T i a   J u a n a  



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

a b o u t   2 6 0 ° C ,   a  n i c k e l   c o n t e n t   of  34  p a r t s   p e r   m i l l i o n  

by  w e i g h t   (wppm),   and  a  v a n a d i u m   c o n t e n t   of   273  w p p m .  

R e s u l t s   a r e   g i v e n   in  T a b l e   I I I   b e l o w .   In  t h i s   e x a m p l e ,  

s a m p l e   n u m b e r   f i v e ,   300  g.  of   T i a   J u a n a   r e s i d u u m ,   w a s  

c h a r g e d   to  a  one  l i t e r   a u t o c l a v e   of   H a s t e l l o y - C   c o n s t r u c -  

t i o n ,   a l o n g   w i t h   6 .3   g.  (2 .1   w e i g h t   p e r c e n t   on  f e e d )   o f  

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

to  343°C  f o r   a  one  h o u r   s t i r r e d   c o n t a c t ,   d u r i n g   w h i c h  

t i m e   the gauge pressure  reached 8.784 kg/cm2 (125  p s i g ) .   Upon  c o o l i n g   t o  

150°C ,   t h e   p r e s s u r e   was  r e l e a s e d   and  t h e   a u t o c l a v e   w a s  

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

t e m p e r a t u r e .   The  r e s u l t a n t   t r e a t e d   r e s i d u u m   was  t h e n  

b a t c h   d i s t i l l e d   at 0.05 (500  m i c r o n s )   absctute pressure  on  a  c o l u m n   h a v i n g  

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

b o t t o m s   f r a c t i o n   and  a  vacuum  gas   o i l   (VGO)  f r a c t i o n   o f  

maximum  b o i l i n g   p o i n t   315°C,   w h i c h   c o r r e s p o n d s   to   a n  

a t m o s p h e r i c   e q u i v a l e n t   b o i l i n g   p o i n t   o f   5 6 5 ° C .   W i t h  

s a m p l e   n u m b e r   s i x ,   t h e   S02  p r e t r e a t m e n t   s t e p   was  o m i t t e d .  

The  T ia   J u a n a   r e s i d u u m   f e e d   was  d i s t i l l e d   in  a  m a n n e r  

s i m i l a r   to  t h a t   of   s a m p l e   number   5  to  r e c o v e r   a  5 6 5 ° C  

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

a  565+°C  v a c u u m   r e s i d u u m   b o t t o m s .   As  can  be  s e e n   f r o m  

T a b l e   I I I ,   t h e   vacuum  gas  o i l   o b t a i n e d   f rom  t h e   S 0 2  
t r e a t e d   s a m p l e   c o n t a i n e d   s i g n i f i c a n t l y   l e s s   m e t a l s .  

E x p r e s s e d   in  t e r m s   of  r e d u c t i o n   in  t h e   e q u i v a l e n t   n i c k e l  

c o n t e n t   of   t h e   vacuum  gas  o i l   (VGO),  S02  t r e a t i n g   i s   s e e n  

to  g i v e   a b o u t   a  66  p e r c e n t   r e d u c t i o n   in   m e t a l s   c o n t e n t  

r e l a t i v e   to  t h e   VGO  f rom  t h e   u n t r e a t e d   r e s i d u u m   s a m p l e .  



A n o t h e r   s e t   of  c o m p a r a t i v e   e x p e r i m e n t s   w e r e  

made  a l s o   u s i n g   a  Tia   J u a n a   r e s i d u u m   f e e d   i d e n t i c a l   t o  

t h a t  p r e v i o u s l y   u s e d .   The  S02  t r e a t m e n t   u s e d   in   t h e  

e x p e r i m e n t ,   d e s i g n a t e d   as  s a m p l e   s e v e n ,   was  s i m i l a r   t o  

t h a t   u s e d   in   t h e   p r e v i o u s   t e s t   in   T a b l e   I I I .   H o w e v e r ,  

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

b e r   7  and  of  t he   u n t r e a t e d   f e e d ,   d e s i g n a t e d   as  s a m p l e  

n u m b e r   8,  was  c a r r i e d   to  a  h i g h e r   t e m p e r a t u r e   to  i s o l a t e  

a  vacuum  gas  o i l   of   f i n a l   a t m o s p h e r i c   e q u i v a l e n t   b o i l -  

ing   p o i n t   of  5 9 3 ° C .  

As  shown  by  t he   d a t a   in   T a b l e   IV,  t h e   5 9 3 ° C  

c u t   p o i n t   VGO  o b t a i n e d   f rom  t h e   S02  t r e a t e d   r e s i d ,   s a m -  

p l e   n u m b e r   7,  c o n t a i n e d   s i g n i f i c a n t l y   l e s s   m e t a l s   t h a n  

t h e   u n t r e a t e d   s a m p l e ,   s a m p l e   n u m b e r   8 .  

A  f i n a l   t e s t   was  run   to   d e t e r m i n e   i f   r e s i d u u m  

h e a t   s o a k i n g   in  t h e   a b s e n c e   of   S02  wou ld   r e s u l t   in  a  

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

u s e d   was  e x a c t l y   t h a t   d e s c r i b e d   f o r   s a m p l e   number   8  o f  

t he   p r e v i o u s   e x a m p l e ,   e x c e p t   t h a t   S02  was  o m i t t e d   a n d  

the   c o n t a c t   t i m e   a t   343°C  was  e x t e n d e d   to  two  h o u r s   i n  

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

e f f e c t   a  l o w e r i n g   of  m e t a l s   c o n t e n t   in  t he   VGO  p r o d u c t .  



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

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

e q u i v a l e n t   b o i l i n g   p o i n t   of   5 9 3 ° C .   R e s u l t s   a r e   shown  i n  

T a b l e   V  and  a r e   c o m p a r e d   in   t h e   t a b l e   w i t h   t h e   r e s u l t s  

o b t a i n e d   f o r   s a m p l e   number   8  w h i c h   had  no  p r e t r e a t m e n t  

a t   a l l .   As  i s   a p p a r e n t   f r o m   t h e   d a t a ,   h e a t   s o a k i n g   a l o n e  

a t   343°C  d o e s   no t   g i v e   any  a p p r e c i a b l e   r e d u c t i o n   in   t h e  

m e t a l s   c o n t e n t   of  t h e   VGO  p r o d u c t .  

I t   s h o u l d   be  n o t e d   t h a t   t h e   a t m o s p h e r i c  

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

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

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

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

W h i l e   t h e   i n v e n t i o n   has   b e e n   d e s c r i b e d   w i t h  

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

t h a t   t h i s   d i s c l o s u r e   i s   i n t e n d e d   to  c o v e r   any  v a r i a t i o n s ,  

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

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

known  or   c u s t o m a r y   p r a c t i c e   in   t h e   a r t   to   w h i c h   t h e  

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

i n v e n t i o n .  



1.  A  method  for  reduc ing   the  metal  contaminant   c o n c e n t r a t i o n   i n  

a  pe t roleum  f r a c t i o n   c o n t a i n i n g   the  metal  con taminan t ,   the  method  b e i n g  

c h a r a c t e r i z e d   by  c o m p r i s i n g :  

(a)  c o n t a c t i n g   the  pet roleum  f r a c t i o n . i n   a  c o n t a c t i n g   zone  (10)  

with  an  e f f e c t i v e   amount  of  a  metal  r e j e c t i o n   agent  (14)  s e l e c t e d   from 

s u l f u r   d iox ide   in  the  vapor  phase  and  p r e c u r s o r s   of  vapor  phase  s u l f u r  

d ioxide   at  an  e l e v a t e d   t e m p e r a t u r e ;   and 

(b)  t h e r e a f t e r   e i t h e r :  

..  (i)  c o n t a c t i n g   the  pe t ro leum  f r a c t i o n   in  a  c o n t a c t i n g   zone 

(Fig.  6,  20)  with  a  d e a s p h a l t i n g   agent  (Fig.  6,  22)  to  form  a  f i r s t  

f r a c t i o n   (24)  r e l a t i v e l y   lean  in  a s p h a l t e n e   and  metal  contaminant   and  a 

second  f r a c t i o n   (36)  r e l a t i v e l y   r ich   in  a s p h a l t e n e   and  the  m e t a l  

con taminan t ,   a f t e r   which  the  f i r s t   and  second  f r a c t i o n s   are  s e p a r a t e d ;  

o r  

( i i )   p a s s i n g   the  pet roleum  f r a c t i o n   into  a  vacuum  s e p a r a t i o n  

zone  (Fig.  7,  120)  wherein  the  pe t ro leum  f r a c t i o n   c o n t a i n i n g   the  m e t a l  

contaminant   is  s e p a r a t e d   into  a  d i s t i l l a t e   (122)  having  a  r e l a t i v e l y  

low  metal  con taminan t   c o n c e n t r a t i o n   and  a  bottoms  (124)  having  a 

r e l a t i v e l y   high  metal  contaminant   c o n c e n t r a t i o n .  

2.  The  method  of  claim  1  c h a r a c t e r i z e d   by  the  metal  r e j e c t i o n  

agent  being  s e l e c t e d   from  su l fu r   d iox ide ,   s u l f u r o u s   acid,   ammonium 

b i s u l f i t e   and  a l k a l i   metal  b i s u l f i t e s .  

3.  The  method  of  claim  1  or  claim  2  c h a r a c t e r i z e d   by  the  m e t a l  

r e j e c t i o n   agent  being  s u l f u r   d i o x i d e .  

4.  The  method  of  any one  of  claims  1  to  3  c h a r a c t e r i z e d   in  t h a t  

the  t e m p e r a t u r e   of  the  c o n t a c t i n g   zone  (20)  is  m a i n t a i n e d  a b o v e   t h e  

c r i t i c a l   t e m p e r a t u r e   of  su l fu r   d i o x i d e .  

5 .   The  method  of  any one  of  claims  1  to  4  c h a r a c t e r i z e d   by 

e f f e c t i n g   the  c o n t a c t i n g   at  a  t e m p e r a t u r e   between  about  200°C  and 

about  450°C.  

6.  The method  of  any one  of  claims  1  to  5  c h a r a c t e r i z e d  b y  

e f f e c t i n g   the  c o n t a c t i n g   at  a  p r e s s u r e   being  main ta ined   between  a b o u t  

1.4062  and  28.124  kg/cm2  gauge  (20  psig  and  about  400  p s i g ) .  



7.  The  method  of  any  one  of  c la ims  1  to  6  c h a r a c t e r i z e d   by  t h e  

e f f e c t i v e   c o n c e n t r a t i o n   of  s u l f u r   d iox ide   in  the  c o n t a c t i n g   zone  b e i n g  

in  the  range  of  from  about  1  to  about  3  weight  pe rcen t   based  upon  t h e  

weight  of  the  pe t ro leum  f r a c t i o n .  

8.  The  method  of  any  one  of  c laims  1  to  7  c h a r a c t e r i z e d   by  t h e  

r e s idence   time  of  the  pe t ro leum  f r a c t i o n   in  the  c o n t a c t i n g   zone  b e i n g  

mainta ined  between  about  0.01  and  about  5  h o u r s .  

9.  The  method  of  any  one  of  c laims  1  to  8  c h a r a c t e r i z e d   by  t h e  

petroleum  f r a c t i o n   being  a  d i s t i l l a t e   having  a  cut  poin t   of  a t  

l eas t   520 .C .  

10.  The  method  of  any  one  of  c laims  1  to  9  c h a r a c t e r i z e d   in  t h a t  

the  said  pe t ro l eum  f r a c t i o n   is  a  d i s t i l l a t e   ob ta ined   by  d i s t i l l a t i o n   o f  

a  f e eds tock ,   and  the  pe t ro leum  f r a c t i o n   is  not  t r e a t e d ,  p r i o r   to  s t e p  

(a)  by  the  a d d i t i o n   t h e r e t o   of  at  l e a s t   one  of  the  f o l l o w i n g :   an  a c i d i c  

m a t e r i a l ;   an  acid  m a t e r i a l   which  is  so lub le   in  the  f r a c t i o n ;   water ,   an 

aqueous  s o l u t i o n   of  an  a l k a l i n e   b i s u l f i d e   and/or   b i s u l f i t e ,   a  s o l v e n t  

which  is  s e l e c t i v e   for  n o n - a s p h a l t e n i c   m a t e r i a l .  
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