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(54)  Separating  basic  asphaltenes  using  metal  oxide  acid  catalysts. 
Basic  asphaltenes  are  selectively  removed  from  asphal- 

tene-containing  hydrocarbon  feeds  (10)  by  contacting  the 
feed  with  a  transition  metal  oxide  solid  acid  catalyst  which 
selectively  adsorbs  the  basic  asphaltenes  (12)  to  produce  an 
asphaltene  reduced  feed  (14).  The  catalyst  comprises  a 
catalytic  metal  component  selected  from  oxides  of  (a) 
tungsten,  niobium,  and  mixtures  thereof  and  (b)  mixtures  of 
(a)  with  tantalum,  hafnium,  chromium,  titanium,  zirconium 
and  mixtures  thereof,  supported  on  an  inorganic  refractory 
oxide  support  such  as  alumina.  Asphalt-laden  catalyst  is 
separated  from  the  feed  (16),  the  asphaltenes  adsorbed 
thereon  are  cracked  off  (18)  in  the  presence  of  steam  (21)  and 
the  catalyst  (22)  is  regenerated  (24)  and  recycled  (30)  back  to 
the  adsorption  zone  (12). 





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

d e n i t r o g e n a t i o n ,   h y d r o c r a c k i n g ,   c a t   c r a c k i n g ,   r e f o r m i n g  

and  o t h e r   h y d r o c o n v e r s i o n   p r o c e s s e s   c a n n o t   be  u s e d  

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

m a t e r i a l s   due  to  c o k i n g   and  d e a c t i v a t i o n   of  the   c a t a l y s t  

by  t h e   a s p h a l t e n e s .   B a s i c   a s p h a l t e n e s   a r e   t h e   m o s t  

t r o u b l e s o m e   in  t h i s   r e g a r d .  

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

be  s e p a r a t e d   i n t o   b a s i c   and  n o n - b a s i c   f r a c t i o n s   u s i n g  

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

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

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

e a r l i e r   r e p o r t s   of   the   use   of  p o t e n t i o m e t r i c   t i t r a t i o n  

to  d e t e r m i n e   b a s i c   n i t r o g e n   ( N i c k s i c ,   S.  W.  and  J e f f r i e s -  

H a r r i s ,   M.  J . ,   I n s t .   P e t r o l . ,   54  ( 5 3 2 ) ,   1 0 7 - 1 1 4   ( 1 9 6 8 ) ) .  

H.  S t e r n b e r g   d e v e l o p e d   a  t e c h n i q u e   f o r   s e p a r a t i n g   b a s i c  

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

d i s s o l v i n g   t h e   a s p h a l t e n e s   in  t o l u e n e ,   f o l l o w e d   b y  

s a t u r a t i n g   t he   s o l u t i o n   w i t h   a n h y d r o u s   HCl  w h i c h   p r e c i -  

p i t a t e s   a  b a s i c   a s p h a l t e n e - H C l   c o m p l e x   from  t h e   s o l u t i o n .  

The  p r e c i p i t a t e   is  f i l t e r e d   and  the   b a s i c   a s p h a l t e n e s   a r e  

r e c o v e r e d   by  t r e a t i n g   t h e   a s p h a l t e n e - H C l   c o m p l e x   w i t h  

c a u s t i c   s o l u t i o n   ( S t e r n b e r g ,   H.  W.,   R a y m o n d ,   R . ,   a n d  

S c h w e i g h a r d t ,   F.  K. ,   S c i e n c e ,   188 ,   49  ( 1 9 7 5 ) ) .   In  t h i s  

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

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

f i l t r a t e   by  e v a p o r a t i n g   o f f   t h e   t o l u e n e .  

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

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

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

t u r n   more   and  more  to  low  q u a l i t y ,  h e a v y   c r u d e s   h a v i n g  

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

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

Tar  S a n d s ,   Cold  Lake  C r u d e ,   c o a l   l i q u i d s ,   V e n e z u e l a n   t a r  

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

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

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



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

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

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

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

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

a s p h a l t e n e s .  

U .S .   P a t e n t   3 , 6 9 1 , 0 6 3   d i s c l o s e s   e m p l o y i n g   s o l i d  

a c i d   c a t a l y s t s ,   s u c h   as   s i l i c a - a l u m i n a ,   in  a  g u a r d  

c a s e   o p e r a t e d   a t   f rom  6 0 0 - 1 , 0 0 0 ° F   to  r emove   m e t a l s   a n d  

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

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

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

c a s e .   T h i s   i n - s i t u   c r a c k i n g   t e n d s   to  coke   t h e   c a t a l y s t  

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

s e l e c t i v i t y   f o r   t he   b a s i c   a s p h a l t e n e s .   U .S .   P a t e n t   N o s .  

2 , 9 4 4 , 0 0 2   and  2 , 4 3 2 , 6 4 4   d i s c l o s e   t h e   use  of  s o l i d   a c i d  

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

c o n t a i n i n g   c a t a l y s t   c o n t a m i n a n t s   f rom  f e e d s   b e i n g   f ed   t o  

c a t   c r a c k e r s .   H o w e v e r ,   none   of  t h e   p r o c e s s e s   d i s c l o s e d   i n  

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

fed   to   t h e   g u a r d   c a s e .   In  f a c t ,   U .S .   2 , 9 4 4 , 0 0 2   r e p e a t e d l y  

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

be  d e a s p h a l t e d   i f   i t   i s   an  a s p h a l t e n e - c o n t a i n i n g   f e e d .  

I t   h a s   now  b e e n   d i s c o v e r e d   t h a t   t h e   b a s i c  

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

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

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

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

T h u s ,   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   to   a  p r o c e s s   f o r  

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

by  c o n t a c t i n g   t h e   f e e d ,   in   an  a d s o r p t i o n   z o n e ,   w i t h   a  

TMO  c a t a l y s t .   C o n t a c t i n g   t h e   f e e d   w i t h   t h e   c a t a l y s t  

a t   a  t e m p e r a t u r e   b e l o w   a b o u t   5 7 5 ° F   a v o i d s   c r a c k i n g  

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

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

c a t a l y s t   w h i c h   m u s t   be  s e p a r a t e d   f rom  t he   f e e d .   The  b a s i c  

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



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

wh ich   t h e   c a t a l y s t   i s   r e g e n e r a t e d   and  r e c y c l e d   back   to  t h e  

a d s o r p t i o n   z o n e .   O p t i o n a l l y ,   c o n t a c t i n g   a t   t e m p e r a t u r e s  

h i g h e r   t h a n   a b o u t   5750F   w i l l   r e s u l t   in  i n - s i t u   c r a c k i n g  

of  t he   a s p h a l t e n e s   in  t he   a d s o r p t i o n   z o n e .   In  t h i s   c a s e ,  

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

from  the   a d s o r p t i o n   z o n e ,   w i t h   t h e   s u b s e q u e n t   c r a c k i n g ,  

r e g e n e r a t i o n   and  r e c y c l i n g   back   to  t he   a d s o r p t i o n   z o n e .  

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

z o n e s .  

The  t r a n s i t i o n   m e t a l   o x i d e   s o l i d   a c i d   c a t a l y s t s  

or  TMO  c a t a l y s t s   u s e f u l   in  the   p r o c e s s   of  t h i s   i n v e n t i o n  

c o m p r i s e   o x i d e s   of   one   or  m o r e   m e t a l s   s e l e c t e d  

f rom  (a)  t u n g s t e n ,  
n i o b i u m   and  m i x t u r e s   t h e r e o f   and  (b)  m i x t u r e s   of  (a)  w i t h  

t a n t a l u m ,   h a f n i u m ,   c h r o m i u m ,   t i t a n i u m   and  z i r c o n i u m   a n d  

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

o x i d e   s u p p o r t ,   p r e f e r a b l y   a l u m i n a .   In  a  p r e f e r r e d  

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

a t   a  t e m p e r a t u r e   of  a t   l e a s t   a b o u t   150°C  p r i o r   to  b e i n g  

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

in  o r d e r   to   r e m o v e   a d s o r b e d   w a t e r   f r o m   i t s   s u r f a c e  

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

a s p h a l t e n e s .  

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

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

c a t a l y s t   w i l l   e x h i b i t   L e w i s   a c i d i t y .   H o w e v e r ,   i f   t h e  

a l u m i n a   c o m p r i s e s   a  p y r o g e n i c   a l u m i n a ,   t h e n   the   c a t a l y s t  
w i l l   e x h i b i t   B r o n s t e d   a c i d i t y .   T h e s e   B r o n s t e d   a c i d   c a t a -  

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

coke   when  u s e d   f o r   c r a c k i n g   t h a n   t h e   Lewis   a c i d   c a t a l y s t s .  

By  s o l i d   a c i d   is   m e a n t   a  s o l i d   m a t e r i a l   w h i c h  

e x h i b i t s   a c i d i t y   when  t i t r a t e d   w i t h   n - b u t y l   amine   a c c o r d -  

ing  to  t he   B e n e s i   m e t h o d .   As  t h o s e   s k i l l e d   in  t h e   a r t  

know  t h e   B e n e s i   m e t h o d   i s   one  of   t h e   m o s t   w i d e l y   u s e d  

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

a m o u n t   of   a c i d i t y   or  a c i d   s i t e s   on  c r a c k i n g   c a t a l y s t s  

(H.  A.  B e n e s i ,   J .   Amer .   Chem.  S o c . ,   89,   p.  5490  ( 1 9 5 6 ) ) .  



O r d i n a r y   s o l i d   a c i d s   such   as  t he   w e l l - k n o w n  

s i l i c a / a l u m i n a   a c i d   c r a c k i n g   c a t a l y s t s   a r e   no t   r e s i s t a n t  

to  s t e a m i n g .   T h a t   i s ,   s t e a m i n g   d e s t r o y s   the   a c i d   s i t e s  

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

r a c   k i n g   a b i l i t y   of  t h e   c a t a l y s t ,   w h e r e a s   t he   TMO  c a t a -  

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

t a n t   to  h i g h   t e m p e r a t u r e   ( i . e . ,  >   600°C)   s t e a m i n g .   I n  

f a c t ,   in  some  i n s t a n c e s ,   i t   may  be  p r e f e r r e d   to  s u b j e c t  

t h e s e   TMO  c a t a l y s t s   to  h i g h   t e m p e r a t u r e   s t e a m i n g   p r i o r   t o  

u s e .  

The  t r a n s i t i o n   m e t a l   o x i d e   s o l i d   a c i d   c a t a l y s t s  

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

u s e f u l   in  p r e p a r i n g   them  a r e   known  in  the   a r t   and  may  b e  

f o u n d ,   f o r   i n s t a n c e ,   in  U . S . P a t e n t   Nos.   4 , 2 3 3 , 1 3 9 ;  

4 , 2 4 4 , 8 1 1 ;   and  4 , 2 6 9 , 7 3 7 .   T h e s e   c a t a l y s t s   a r e   u n e x p e c t -  

e d l y   coke   t o l e r a n t   and  can   f u n c t i o n   as  a c i d   c r a c k i n g  

c a t a l y s t s   in  t he   p r e s e n c e   of  much  l a r g e r   q u a n t i t i e s   o f  

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

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

compr   i s e   a  c a t a l y t i c   t r a n s i t i o n   m e t a l   o x i d e   c o m p o n e n t  

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

c a t a l y t i c   m e t a l   o x i d e   i s   s e l e c t e d   f rom  the   o x i d e s   o f  

( a )   t u n g s t e n ,   n i o b i u m   and  m i x t u r e s   t h e r e o f   and  ( b )  

m i x t u r e s   of  ( a )   w i t h   t a n t a l u m ,   h a f n i u m ,   c h r o m i u m ,  

t i t a n i u m ,   z i r c o n i u m ,   and  m i x t u r e s   t h e r e o f .   T h e s e  

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

m e t a l   o x i d e   s u p p o r t s   i n c l u d i n g ,   bu t   no t   l i m i t e d   t o ,  

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

c h r o m i a ,   s i l i c a - a l u m i n a ,   k i e s e l g u h r   and  m i x t u r e s   t h e r e o f ,  

a s - w e l l   as  c o m p o u n d s   of  two  or  more   s u p p o r t   m a t e r i a l s  

(  s u c h   as  z i r c o n i u m   t i t a n a t e  )   a l o n e   or  m i x e d  



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

t h e   s u p p o r t   w i l l   c o m p r i s e   a l u m i n a   and  m o s t   p r e f e r a b l y  
2  - a l u m i n a ,   in  w h i c h   c a s e   t he   c a t a l y s t   w i l l   e x h i b i t   L e w i s  

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

w h i c h   c a s e   t h e   c a t a l y s t   w i l l   e x h i b i t   B r o n s t e d   a c i d i t y .  

I f   t h e   s u p p o r t   c o m p r i s e s   a  m i x t u r e   of   s i l i c a  

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

t h e r e o f   be  l e s s   t h a n   50  wt .   %  of  t he   a l u m i n a   c o n t e n t .   T h e  

r e f r a c t o r y   o x i d e   s u p p o r t   s h o u l d   have   a  h i g h   s u r f a c e   a r e a  
in  t he   r e g i o n   of  f rom  a b o u t   20  to  500  m 2 / g ,   p r e f e r a b l y  

40  to  200  m 2 / g ,   and  mos t   p r e f e r a b l y   o v e r   100  m2/g  p r i o r  

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

p r e c u r s o r   u s e d   in  f o r m i n g   the   c a t a l y s t .   These   s u r f a c e  

a r e a s   a r e   as  m e a s u r e d   by  the   B r u n a u e r - E m m e t t - T e l l e r   (BET) 
m e t h o d .  

T h o s e   s k i l l e d   in  t he   a r t   know  t h a t   s o l i d   a c i d  

c a t a l y s t s   h a v e   two  t y p e s   of  a c i d i t y   or  a c i d   s i t e s ,   L e w i s  

and  B r o n s t e d .   Lewis   a c i d   s i t e s   a r e   b e l i e v e d   to  be  c o -  

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

a c c e p t o r s ,   w h e r e a s   B r o n s t e d   a c i d   s i t e s   a r e   p r o t o n   d o n o r s .  

Those   s k i l l e d   in  t he   a r t   a l s o   know  t h a t   one  of  t he   m o s t  

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

s t r e n g t h   and  a m o u n t   of  a c i d i t y   or  a c i d   s i t e s   on  c r a c k i n g  

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

n - b u t y l   a m i n e   (H.  A.  B e n e s i ,   J .   Amer .   Chem.  Soc .   89,   5 4 9 0  

( 1 9 5 6 ) ) .   H o w e v e r ,   t he   B e n e s i   m e t h o d   w i l l   no t   d i s t i n g u i s h  
b e t w e e n   L e w i s   and  B r o n s t e d   a c i d   s i t e s .  

An  e f f e c t i v e   way  of  d e t e r m i n i n g   the   d i f f e r e n c e  

b e t w e e n   L e w i s   and  B r o n s t e d   a c i d   s i t e s   i s   to  t i t r a t e   a  

s a m p l e   o f   s o l i d   a c i d   w i t h   a  s o l u t i o n   of   2 , 6 - d i m e t h y l -  

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

B r o n s t e d   a c i d   s i t e s .   T h i s   p a r t i c u l a r   a m i n e   d o e s   no t   r e a c t  
w i t h   L e w i s   s i t e s   due   to   s t e r i c   h i n d r a n c e .   A f t e r   t h e  

B r o n s t e d   a c i d   s i t e s   have   r e a c t e d   w i t h   t h e   2 , 6 - d i m e t h y l -  

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

n - b u t y l   a m i n e   u s i n g   the   B e n e s i   m e t h o d   w h i c h   y i e l d s   t h e  

number   of  L e w i s   a c i d   s i t e s .   The  n u m b e r   of  B r o n s t e d   a c i d  

s i t e s   is   t h e n   d e t e r m i n e d   by  t h e   d i f f e r e n c e   b e t w e e n   t h e  



L e w i s   a c i d i t y   m e a s u r e d   in   t h i s   m a n n e r   and  t h e   t o t a l  

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

n o t   b e e n   t r e a t e d   w i t h   t he   2 , 6 - d i m e t h y l p y r i d i n e .  

I t   s h o u l d   be  n o t e d   t h a t   o n l y   t h o s e   a c i d  s i t e s  

h a v i n g   a  H a m m e t t   a c i d i t y   c o e f f i c i e n t   of   Ho  < - 8 . 2   a r e  

c o n s i d e r e d   to  be  s t r o n g   a c i d   s i t e s   and  i t   i s   t h e s e   v e r y  

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

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

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

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

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

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

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

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

The  B r o n s t e d   a c i d   c a t a l y s t s   a r e   much  more  s t a b l e   in  t h e  

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

t h a n   s i m i l a r   c a t a l y s t s   h a v i n g   p r i m a r i l y   Lewis   a c i d i t y .  

By  p r i m a r i l y   B r o n s t e d   a c i d i t y   i s   m e a n t   t h a t   a t   l e a s t  

a b o u t   50%  of   t h e   a c i d   s i t e s   a r e   B r o n s t e d ,   p r e f e r a b l y   a t  

l e a s t   a b o u t   70%  and  s t i l l   more  p r e f e r a b l y   a t   l e a s t   a b o u t  

8 0 % .  

As  h a s   h e r e t o f o r e   b e e n   s t a t e d ,   one   t y p e   o f  

a l u m i n a   s u p p o r t   m a t e r i a l   wh ich   e x h i b i t s   p r i m a r i l y   B r o n s t e d  

a c i d i t y   when   c o m b i n e d   w i t h   t h e   t r a n s i t i o n   m e t a l   o x i d e  

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

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

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

l y   a n h y d r o u s   a l u m i n u m   c h l o r i d e .   In  one  p r o c e s s ,   h y d r o g e n  
i s   b u r n e d   in  a  f u r n a c e   to  p r o d u c e   w a t e r   w h i c h   t h e n   h y d r o -  

l y z e s   g a s e o u s   A l C 1 3   in  t h e   p r e s e n c e   o f   t h e   f l a m e   t o  

g i v e   a l u m i n a   and  HC1.  The  h y d r o l y s i s   i s   i n s t a n t a n e o u s .  

T h i s   p r o c e s s   i s   d i s c l o s e d   i n ,   f o r   e x a m p l e ,   U .S .   P a t e n t s  

2 , 9 9 0 , 2 4 9 ;   4 , 0 0 6 , 7 4 8 ;   and  3 , 1 3 0 , 0 0 8 .   A l u m i n a s   p r o d u c e d  

by  t h i s   f l a m e   h y d r o l y s i s   p r o c e s s   h a v e   e x c e p t i o n a l   p u r i t y  
and   e x t r e m e l y   f i n e   p a r t i c l e   s i z e .   T h e y   a r e   p r i m a r i l y  

j  =-A1203  and  t h e   f i n e   p a r t i c l e s   have   v i r t u a l l y   no  p o r o s i t y ,  
t h e   s u r f a c e   a r e a   b e i n g   m a i n l y   on  t h e   e x t e r n a l   s u r f a c e .  

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



d i s c l o s e d   in  U.S .   P a t e n t   3 , 4 4 9 , 0 7 2   w h e r e i n   an  a l u m i n u m  

h a l i d e   ( s u c h   as  a l u m i n u m   c h l o r i d e )   is   r e a c t e d   d i r e c t l y  
w i t h   o x y g e n   in  a  h i g h   t e m p e r a t u r e   p l a s m a ,   s u c h   as   a n  

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

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

f rom  one   or   m o r e   o x i d e s   o f   G r o u p   I I A .   P a r t i c u l a r l y  

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

m i x t u r e s   t h e r e o f .   T h e s e   p r o m o t e r   m a t e r i a l s ,   in   t h e  

fo rm  of   p r e c u r s o r   s a l t s ,   c a n   be  i n c o r p o r a t e d   i n t o   t h e  

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

or  s e q u e n t i a l l y   ( t h e   o r d e r   of  a d d i t i o n   b e i n g   m e r e l y   a  

m a t t e r   o f   c h o i c e ) ,   o r   may  be  c o p r e c i p i t a t e d   w i t h   t h e  

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

A l t e r n a t i v e l y ,   t h e y   may  be  a d d e d   s u b s e q u e n t   to  t he   f o r -  

m a t i o n   of   t h e   c a t a l y s t   c o m p o s i t e .   I f   u sed   a t   a l l ,   t h e s e  

p r o m o t e r s   w i l l   be  p r e s e n t   in  an  a m o u n t   r a n g i n g   f rom  a b o u t  

0 .01   to  4 . 0   w t .  %   p r o m o t e r   b a s e d   on  t o t a l   c a t a l y s t   c o m p o -  
s i t i o n   w h e r e i n   the   a m o u n t   of   p r o m o t e r   m e t a l   o x i d e   r a n g e s  
from  .1%  to  4%,  p r e f e r a b l y ,   .1%  to  0 . 5 % .  

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

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

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

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

vacuum  and  a t m o s p h e r i c   r e s i d u a ,   e t c .   as   w e l l   as  a s p h a l t -  

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

l i q u e f a c t i o n   of  c o a l ,   f r om  t a r   s a n d s ,   Cold  Lake  c r u d e ,  

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

p r e s e n c e   of  w a t e r .   T h e r e f o r e ,   i t   i s   p r e f e r r e d   t h a t   t h e  

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

w i l l   p r e f e r e n t i a l l y   a d s o r b   the   w a t e r   a t   the   e x p e n s e   o f  

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

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

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

T h e r e f o r e ,   i t   is   p r e f e r r e d   t h a t   the   w a t e r   c o n t e n t   of  t h e  

f e e d   be  l e s s   t h a n   a b o u t   1  w t .   %  u n l e s s   one  w i s h e s   t o  

c o n t r o l   t he   b a s i c   a s p h a l t e n e   a d s o r p t i o n   o n t o   the   c a t a l y s t  

v i a   c o n t r o l   of  t h e   w a t e r   c o n t e n t   o f   t h e   f e e d   in  t h e  

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



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

p e r a t u r e ,   p r e s s u r e   and   r e s i d e n c e   t i m e   of   t h e   a s p h a l t -  

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

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

5750F   i f   one  d e s i r e s   to  a v o i d   c r a c k i n g   in  t he   a d s o r p t i o n  

zone   and  as  l o n g   as  t h e   d e s i r e d   d e g r e e   of  r e m o v a l   of  b a s i c  

a s p h a l t e n e s   f rom  t h e   f e e d   is  a c h i e v e d .   In  g e n e r a l ,   t h i s  

means   t h a t   t h e   maximum  t e m p e r a t u r e   e m p l o y e d   in  t he   a d s o r p -  

t i o n   zone  w i l l   be  no  g r e a t e r   t h a n   a b o u t   5 7 5 0 F ,   p r e f e r a b l y  

no  g r e a t e r   t h a n   a b o u t   5 5 0 0 F ,   and  s t i l l   more  p r e f e r a b l y  

no  g r e a t e r   t h a n   a b o u t   5 0 0 ° F .   I t   has   b e e n   f o u n d   t h a t   t h e  

s o l i d   a c i d   c a t a l y s t   c a n   a d s o r b   up  to  a b o u t   20%  of   i t s  

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

a l l   of   t h e   b a s i c   a s p h a l t e n e s   may  be  r e m o v e d   f rom  the   f e e d  

in  t h e   a d s o r p t i o n   z o n e .   A l t e r n a t i v e l y ,   i f   i t   is  d e s i r e d  

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

in  t h e   a d s o r p t i o n   z o n e ,   t h e n   t h e   a d s o r p t i o n   z o n e   w i l l  

o p e r a t e   a t   a  t e m p e r a t u r e   above   5 7 5 0 F ,   p r e f e r a b l y   a b o v e  

a b o u t   6 0 0 ° F ,   and  s t i l l   more  p r e f e r a b l y   a b o v e   a b o u t   6 5 0 ° F .  

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

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

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

and  s p a c e   v e l o c i t y   may  be  a d j u s t e d   to  s u i t   o n e ' s   n e e d s .   I n  

g e n e r a l ,   h o w e v e r . ,   t h e   p r e s s u r e   in  t he   a d s o r p t i o n   zone  w i l l  

be  a t   l e a s t   a b o u t   25  p s i g ,   t he   t e m p e r a t u r e   w i l l   r a n g e   f r o m  

a b o u t   2 0 0 - 5 0 0 ° F   ( f o r   t h e   c a s e   of  a d s o r p t i o n   o n l y )   or  a b o v e  

a b o u t   6 0 0 ° F   ( i f   i n - s i t u   c r a c k i n g   i s   d e s i r e d ) ,   w i t h   a  

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

a b o u t   2 - 6 0 0   m i n u t e s  a n d   a  l i q u i d   h o u r l y   s p a c e   v e l o c i t y   o f  

f r o m   a b o u t   0 . 1   to   30  V / V / h r .   The  TMO  c a t a l y s t   may  b e  

in   t h e   f o r m   o f   a  f i x e d   or  f l u i d   bed   or   one   may  u s e   a  

s l u r r y - p l u s - s e t t l e r   t e c h n i q u e   w h e r e i n   t h e   TMO  c a t a l y s t   a n d  

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

a d s o r p t i o n   zone  and  a r e   t h e n   p a s s e d   to   a  s e t t l i n g   zone  t o  

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

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

A l t e r n a t i v e l y ,   t h e   s l u r r y   may  be  s e n t   to   h y d r o c l o n e s   o r  
f i l t r a t i o n   means   to  s e p a r a t e   the   b a s i c   a s p h a l t e n e - l a d e n  



TMO  c a t a l y s t   f rom  the   f e e d .   In  any  e v e n t ,   the   TMO 

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

must   be  p e r i o d i c a l l y   s e p a r a t e d   f rom  the   f e e d .   T h e  

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

l i q u i d   and  c o k e ,   w i t h   t he   c o k e - l a d e n   c a t a l y s t   r e g e n e r -  
a t e d ,   c a l c i n e d   and  t h e n   r e c y c l e d   b a c k   to  t he   a d s o r p t i o n  

z o n e .   The  a s p h a l t e n e s   may  be  c r a c k e d   o f f   or  b u r n e d   o f f  

in  t he   p r e s e n c e   of  s t e a m   to  r e d u c e   coke   f o r m a t i o n .  

H o w e v e r ,   i t   s h o u l d   be  n o t e d   t h a t   c r a c k i n g   the   a s p h a l -  

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

r e s u l t   in  r e c o v e r i n g   more  l i q u i d   p r o d u c t   f rom  t h e  

a s p h a l t e n e s .  

The  c a t a l y s t   w i l l   t y p i c a l l y   be  r e g e n e r a t e d   in  a 

r e g e n e r a t o r   a t   a  p r e s s u r e   b e l o w   a b o u t   150  p s i g   at   a 

t e m p e r a t u r e   of  f rom  a b o u t   1 4 0 0 - 2 8 0 0 ° F   ( 7 6 0 - 1 5 3 5 ° C ) ,  

p r e f e r a b l y   a t   a  t e m p e r a t u r e   g r e a t e r   t h a n   a b o u t   1 5 0 0  F ,  

more  p r e f e r a b l y   a t   a  t e m p e r a t u r e   in  a  r a n g e   of  a b o u t  

1600  to  1 9 0 0  F   and  mos t   p r e f e r a b l y   a t   a  t e m p e r a t u r e   i n  

t he   r a n g e   of  a b o u t   1700  to  1 8 0 0 ° F .   The  c o k e d   c a t a l y s t  

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

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

p r o d u c e   a  low  BTU  v a l u e   f u e l   gas  c o n t a i n i n g   H2  and  CO. 

R e f e r r i n g   to  t he   F i g u r e ,   w h i c h   shows  a  

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

as  a  c r u d e   o i l   d e r i v e d   f rom  the   Cold   Lake   r e g i o n   o f  

C a n a d a ,   is  h e a t e d   by  means   no t   shown  to  a  t e m p e r a t u r e  

of  a b o u t   3 0 0 ° F   and  p a s s e d   v i a   l i n e   10  to  a d s o r p t i o n  

zone  12  a t   a  p r e s s u r e   of  a b o u t   50  p s i g .   A d s o r p t i o n  

zone  12  o p e r a t e s   at  a  t e m p e r a t u r e   of  a b o u t   3 0 0 ° F ,   a 

p r e s s u r e   of  a b o u t   50  p s i g   and  c o n t a i n s   a  c a t a l y s t  

c o m p r i s i n g   10  w t .  %   W03  on  a l u m i n a .   The  r e s i d e n c e   t i m e  

of  t he   o i l   in  a d s o r p t i o n   zone   12  w i l l   be  l e s s   t h a n  

a b o u t   1  h o u r   and  t h e   r a t i o   of  o i l   to  c a t a l y s t   w i l l  

g e n e r a l l y   r a n g e   f rom  a b o u t   1  to  10  v o l u m e s   of  o i l   t o  

one  v o l u m e   of  c a t a l y s t ,   t he   c o m b i n a t i o n   b e i n g   s u f f i c i e n t  

fo r   a t   l e a s t   a b o u t   90  wt.%  of  t he   b a s i c   a s p h a l t e n e s  

p resen t   in  the  feed  to  be  adsorbed  onto  the  so l i d   acid  c a t a l y s t  

to  produce  an  o i l   of  reduced  bas ic   a s p h a l t e n e   c o n t e n t . T h e   b a s i c  

a s p h a l t e n e - r e d u c e d   o i l   or  feed  is  removed  from  a d s o r p t i o n  



zone   12  v i a   l i n e   14  and  s e n t   to  f u r t h e r   u p g r a d i n g   p r o -  

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

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

b a s i c   a s p h a l t e n e s   a r e   c o n t i n u o u s l y   w i t h d r a w n   from  zone  12  

v i a   l i n e   16  and  p a s s e d   to  c r a c k i n g   zone   18.  C r a c k i n g   z o n e  

18  o p e r a t e s   a t   a  t e m p e r a t u r e   a b o v e   a b o u t   750°F   and  a t   a  

p r e s s u r e   r a n g i n g   f rom  a t m o s p h e r i c   to  a b o u t   50  p s i g .   I n  

c r a c k i n g   zone   18,   t h e   b a s i c   a s p h a l t e n e s   a re   c a t a l y t i c a l l y  

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

s t e a m   e n t e r i n g   v i a   l i n e   21,   to  p r o d u c e   l i q u i d   and  g a s e o u s  

p r o d u c t s   w h i c h   a r e   r e m o v e d   f rom  zone   18  v i a   l i n e   20.  T h i s  

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

to  zone  18  v i a   h o t ,   r e g e n e r a t e d   c a t a l y s t  p a r t i c l e s   e n t e r -  

ing   zone  18  v i a   l i n e   32.   Coked  c a t a l y s t   p a r t i c l e s   a r e  

r e m o v e d   f r o m   c r a c k i n g   z o n e   18 ,   v i a   l i n e   22  and  p a s s e d  

to  c a t a l y s t   r e g e n e r a t i o n   z o n e   24  w h i c h   o p e r a t e s   a t   a  

t e m p e r a t u r e   o f   f r o m   a b o u t   1 6 0 0 - 1 9 0 0 ° F .   A i r   and   s t e a m  

a r e   p a s s e d   i n t o   r e g e n e r a t i o n   zone  24,   v i a   l i n e   26  to  b u r n  

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

low  BTU  v a l u e   f u e l   g a s   w h i c h   is   r e m o v e d   f rom  r e g e n e r a t i o n  

zone  24  v i a   l i n e   28.   A  p o r t i o n   of  t h e   h o t ,   r e g e n e r a t e d  

c a t a l y s t   i s   r e m o v e d   f rom  zone  24  v i a   l i n e   30,  c o o l e d   b y  

means   n o t   shown  and  r e c y c l e d   b a c k   to   a d s o r p t i o n   zone  1 2 .  

The  r e s t   of  t he   h o t   c a t a l y s t   i s   r e c y c l e d   back   to  zone  18 

v i a   l i n e   3 2 .  

The  i n v e n t i o n   w i l l   be  f u r t h e r   u n d e r s t o o d   b y  

r e f e r e n c e   to  t h e   e x a m p l e s   b e l o w .  

EXAMPLES 

E x a m p l e s   1-5  a r e   p r e s e n t e d   to  e s t a b l i s h   t h e   f a c t  

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

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

m a t e r i a l s ;   i t   i s   b e i n g   e s t a b l i s h e d   and  known  in  t he   a r t  

t h a t   t h e   TMO  c a t a l y s t s   u s e d   in   t h e   p r o c e s s e s   of   t h i s  

i n v e n t i o n   a r e   s o l i d   a c i d   m a t e r i a l s   ( c . f .   U . S .   P a t e n t  

N o s .   4 , 2 3 3 , 1 3 9 ;   4 , 2 4 4 , 8 1 1 ;   and  4 , 2 6 9 , 7 3 7 ) .   E x a m p l e   6 

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

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

Example   1 

T h i s   e x a m p l e   e s t a b l i s h e s   t h e   f a c t   t h a t   s o l i d  



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

of  b a s i c   and  n o n - b a s i c   a s p h a l t e n e s .   The  a s p h a l t e n e s   u s e d  

in  t h i s   e x p e r i m e n t   w e r e   p r e c i p i t a t e d   f r o m   a  1 0 5 0 0 F +  

vacuum  r e s i d u u m   o b t a i n e d   f rom  a  C a n a d i a n   Cold  Lake  c r u d e  

and  a l s o   f rom  a  Tia  J u a n a   c r u d e   u s i n g   s t a n d a r d   d e a s p h a l t -  

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

p i t a t i o n .   A  s o l u t i o n   of  3  wt .   %  of  t h e s e   a s p h a l t e n e s   i n  

t o l u e n e   was  made  and  a  b a s i c / n o n - b a s i c   s p l i t   made  u s i n g  

HC1  p r e c i p i t a t i o n   a c c o r d i n g   to  t he   S t e r n b e r g   t e c h n i q u e  

p r e v i o u s l y   d i s c u s s e d .   The  r e s u l t s   a r e   shown  in  T a b l e   1 .  

N e x t ,   s a m p l e s   of  c o m m e r c i a l   s i l i c a / a l u m i n a   c r a c k i n g  

c a t a l y s t s   o b t a i n e d   from  G r a c e   C h e m i c a l   C o m p a n y ,   c o n t a i n i n g  

13%  A 1 2 0 3 ( D A - 1 )   and  25%  A 1 2 0 3 ( H i - A l )   w e r e   c a l c i n e d  

a t   5 0 0 ° C   f o r   16  h o u r s   and   s t o r e d   in  a  n i t r o g e n - p u r g e d  

d ry   b o x .   T o l u e n e   s o l u t i o n s   of  t h e   p r e c i p i t a t e d   a s p h a l -  

t e n e s   were   p r e p a r e d   by  d i s s o l v i n g   30  g r a m s   of  t h e   a s p h a l -  

t e n e s   in  300  ml  of  t o l u e n e   u n d e r   n i t r o g e n   and  s t i r r i n g   f o r  

two  h o u r s .   120  g r ams   of   e a c h   c a t a l y s t   was  a d d e d   to  e a c h  

s o l u t i o n   o f   30  g r a m s   o f   a s p h a l t e n e s   in  t h e   300  ml  o f  

t o l u e n e   and  t h e   m i x t u r e   or  s l u r r y   s t i r r e d   f o r   two  h o u r s   a t  

a m b i e n t   t e m p e r a t u r e   u n d e r   a  b l a n k e t   of   n i t r o g e n .   T h e  

t o l u e n e   was  r e m o v e d   from  t h e   s l u r r y   on  a  r o t a r y   e v a p o r a t o r  

and  t h e   r e s i d u e   d r i e d   in  v a c u o   a t   80°C  f o r   16  h o u r s .   T h e  

d r i e d   m a t e r i a l   was  t h e n   p l a c e d   in  a  d ry   box  and  g r o u n d   t o  

a  p a r t i c l e   s i z e   t h a t   would   p a s s   t h r o u g h   a  20  mesh  s c r e e n .  
T h i s   g r o u n d   m a t e r i a l   was  t h e n   c h a r g e d   to  a  S o x h l e t   t h i m b l e  

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

l i q u i d   was   n e a r l y   c o l o r l e s s .   The  t e t r a h y d r o f u r a n ,  

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

r e m o v e d   f r o m   t h e   c o l l e c t i o n   f l a s k .   P y r i d i n e   was  t h e n  

a d d e d   to  t h e   c o l l e c t i o n   f l a s k   and  t he   e x t r a c t i o n   c a r r i e d  

ou t   a g a i n   u n t i l   the   s i p h o n e d   l i q u i d   was  n e a r l y   c o l o r l e s s .  

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

f r a c t i o n   w h i c h   was  t h e n   a l s o   r e m o v e d   from  t he   c o l l e c t i o n  

f l a s k .   The  s e p a r a t e d   b a s i c   and   n o n - b a s i c   f r a c t i o n s  

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

r e s p e c t i v e l y ,   were  i s o l a t e d   by  e v a p o r a t i n g   the   s o l v e n t   a n d  

d r y i n g   in  v a c u u m   at   8 0 ° C .  



The  r e s u l t s   of  t h i s   e x p e r i m e n t   a r e   a l s o   shown  i n  

T a b l e   1  and   i l l u s t r a t e   t h e   f a c t   t h a t   t h e   s o l i d   a c i d  

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

the   m i x t u r e   of  b a s i c   and  n o n - b a s i c   a s p h a l t e n e s .  

In  o r d e r   t o   f u r t h e r   s u b s t a n t i a t e   t h e   f a c t  

t h a t   t h e   s o l i d   a c i d   c a t a l y s t   s e l e c t i v e l y   a d s o r b e d   t h e  

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

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

t h e   a s p h a l t e n e - c o n t a i n i n g   t o l u e n e   s o l u t i o n   w i t h   t h e  

DA-1  c a t a l y s t   u s i n g   t h e   t e c h n i q u e   d e s c r i b e d   a b o v e   w a s  

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

HC1  a c c o r d i n g   to  t h e   S t e r n b e r g   t e c h n i q u e .   The  r e s u l t s  

showed   t h a t   t he   n o n - b a s i c   f r a c t i o n   o b t a i n e d   by  the  DA-1 

s e p a r a t i o n   was  m o s t l y   n o n - b a s i c   a c c o r d i n g   to  t h e   HC1 

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

f o u n d   to  be  m o s t l y   b a s i c   a c c o r d i n g   to  t h e   HC1  t e s t .  

E x a m p l e   2 

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

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

and  s e p a r a t e d   by  s e l e c t i v e   a d s o r p t i o n   on  t he   DA-1  c a t a l y s t  

u s i n g   t h e   t e c h n i q u e   s e t   f o r t h   in  E x a m p l e   1  were  a n a l y z e d  

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

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

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

g r o u p s .   F u r t h e r ,   t h e   mass   s p e c t r o s c o p y   s t u d i e s   i n d i c a t e d  

t h a t   t h e   DA-1  c a t a l y s t   d i d   a  b e t t e r   j ob   of   s e p a r a t i n g   t h e  

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

t h e   HC1  p r e c i p i t a t i o n   t e c h n i q u e   a c c o r d i n g   to  S t e r n b e r g .  

E x a m p l e   3 

T h i s   e x p e r i m e n t   s e r v e s   to  d e m o n s t r a t e   t h a t   i t  

is   t he   a c i d i t y   of  t h e   s o l i d   a c i d   or  s o l i d   a c i d   c a t a l y s t  

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

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

T h i s   e x p e r i m e n t   was  done   in  a  m a n n e r   s i m i l a r   to  t h a t   i n  

Example   1  e x c e p t   t h a t   t h e   s o l i d   a d s o r b e n t s   used   were  t h e  

DA-1  and  a  n e u t r a l   s i l i c a   g e l   and  t h e   n o n - b a s i c   and  b a s i c  

a s p h a l t e n e s   were   r e m o v e d   f rom  t he   c a t a l y s t   s e q u e n t i a l l y  

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



at   room  t e m p e r a t u r e   i n s t e a d   of  the   S o x h l e t   e x t r a c t i o n .  

The  r e s u l t s   a r e   p r e s e n t e d   in  T a b l e   2  and  show  t h a t   t h e  

a c i d i c   DA-1  g i v e s   a  h i g h   y i e l d   of  b a s i c   a s p h a l t e n e s .   I n  

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

a s p h a l t e n e s   a t   a l l .  

E x a m p l e   4 

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

s o l i d   a c i d   c a n   be  h e a v i l y   l o a d e d   w i t h   a s p h a l t e n e s   a n d  

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

b a s i c / n o n - b a s i c   a s p h a l t e n e   m i x t u r e .   T h i s   e x p e r i m e n t  

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

Example   1  w h e r e i n   a s p h a l t e n e s   were  d i s s o l v e d   in  t o l u e n e  

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

d r y i n g   and  c r u s h i n g .   The  n o n - b a s i c   and  b a s i c   a s p h a l t e n e s  

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

c h r o m a t o g r a p h y   m e t h o d   in  Example   3.  The  r e s u l t s   a r e   g i v e n  
in  T a b l e   3  and  d e m o n s t r a t e   t h a t   up  to  a b o u t   20  wt .   %  o f  

t o t a l   a s p h a l t e n e s   c a n   be  a d s o r b e d   on  t h e   s o l i d   a c i d  

w i t h o u t   i n c u r r i n g   any  m a j o r   c h a n g e   in  t h e   b a s i c / n o n - b a s i c  

c u t   p o i n t .  

E x a m p l e   5 

In  t h i s   e x p e r i m e n t ,   an  e l e m e n t a l   a n a l y s i s   w a s  

made  of   t h e   b a s i c   and  n o n - b a s i c   a s p h a l t e n e   f r a c t i o n s  

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

the   DA-1  c a t a l y s t   u s i n g   the   p r o c e d u r e   in  E x a m p l e   1.  The  

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

a  C a n a d i a n   C o l d   L a k e   c r u d e   and  f r o m   t h e   l i q u e f a c t i o n  

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

s h o w n   in  T a b l e   4  and  d i s c l o s e   t h a t ,   w i t h   t h e   p o s s i b l e  

e x c e p t i o n   of  n i t r o g e n   c o n t e n t ,   t h e r e   i s   e s s e n t i a l l y   no  

d i f f e r e n c e   f o r   t he   Cold  Lake  s a m p l e s   in  e l e m e n t a l   a n a l y s i s  

b e t w e e n   the   b a s i c   and  n o n - b a s i c   f r a c t i o n s   of  e ach   s a m p l e .  

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

e l e c t r o c h e m i c a l   t i t r a t i o n   have   shown  t h a t   t h e   n i t r o g e n   i n  

the   b a s i c   f r a c t i o n   is   b a s i c ,   w h i l e   t h a t   in  t he   n o n - b a s i c  

f r a c t i o n   is  n o n - b a s i c .   In  t he   c o a l   d e r i v e d   f r a c t i o n s ,   t h e  

n i t r o g e n   and  o x y g e n   a c t u a l l y   f r a c t i o n a t e .   H o w e v e r ,   i n  

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



n i t r o g e n   a p p e a r   in  the   n o n - b a s i c   f r a c t i o n ,   w h i l e   t he   e t h e r  

o x y g e n   and  b a s i c   n i t r o g e n   a p p e a r   in  t he   b a s i c   f r a c t i o n .  

T h u s ,   t h i s   e s t a b l i s h e s   t h a t   e l e m e n t a l   a n a l y s i s   a l o n e   d o e s  

no t   g i v e   an  i n d i c a t i o n   of  b a s i c i t y .  

E x a m p l e   6 

T h i s   e x p e r i m e n t   d e m o n s t r a t e s   t h e   s e n s i t i v i t y  

o f   t h e   s o l i d   a c i d   to   m o i s t u r e   on  t h e   c a t a l y s t   in  t h e  

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

of   a s p h a l t   p r e c i p i t a t e d   f rom  b o t h   a  C a n a d i a n   Cold  L a k e  

c r u d e   and  a  C a n a d i a n   Cold  Lake  1 0 5 0 ° F +   vacuum  r e s i d   w e r e  

d i s s o l v e d   in  t o l u e n e   and  s l u r r i e d   w i t h   s a m p l e s   of  t he   DA-1 

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

b e i n g   c a l c i n e d   a t   5 0 0 ° C .   U n c a l c i n e d   c a t a l y s t s   g e n e r a l l y  

c o n t a i n   f rom  a b o u t   3-9  wt .   %  w a t e r ,   w i t h   4-6%  r e p r e s e n t i n g  

an  a v e r a g e   v a l u e .   The  a s p h a l t - c o n t a i n i n g   c a t a l y s t s   w e r e  

t h e n   s e q u e n t i a l l y   e x t r a c t e d   w i t h   THF  and  p y r i d i n e   u s i n g  

t h e   p r o c e d u r e   o u t l i n e d   in  Example   1.  The  r e s u l t s   of  t h i s  

e x p e r i m e n t   a r e   shown  in  T a b l e   5  a n d ,   as  can  be  s e e n   f r o m  

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

DA-1  was  s u b s t a n t i a l l y   g r e a t e r .   T h i s   d e m o n s t r a t e s   t h a t  

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

of  t h e   c a t a l y s t   fo r   t he   b a s i c   f r a c t i o n .  
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A  10  w t .   %  W03  on  r - A l 2 0 3   ( r e f o r m i n g   g r a d e  

of  a l u m i n a   o b t a i n e d   from  E n g e l h a r d   I n d u s t r i e s ,   I n c .   w i t h  

a  BET  s u r f a c e   a r e a   of   220  m 2 / g )   c a t a l y s t   was  p r e p a r e d  

u s i n g   an  a q u e o u s   s o l u t i o n   of   a m m o n i u m   m e t a - t u n g s t a t e  
s u f f i c i e n t   to   f i l l   t h e   p o r e   v o l u m e   of   t h e   a l u m i n a .   T h e  

c a t a l y s t   was   d r i e d   in  v a c u o   a t   1 2 0 ° C   f o r   16  h o u r s   a n d  

t h e n   c a l c i n e d   in  f l o w i n g   a i r   a t   5 0 0 ° C   f o r   16  h o u r s .  

T h i s   c a t a l y s t   was  used   to  s e p a r a t e   t he   b a s i c   and  n o n - b a s i c  

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

d e s c r i b e d   in  E x a m p l e   1,  e x c e p t   t h a t   t e t r a h y d r o p y r a n   (THP) 

was  u s e d   in  p l a c e   of  t e t r a h y d r o f u r a n .   The  b a s i c / n o n - b a s i c  

a s p h a l t e n e   s p l i t   o b t a i n e d   u s i n g   t h i s   c a t a l y s t   was  1 5 / 8 5 .  

F o l l o w i n g   t h e   r e m o v a l   of  the   n o n - b a s i c   and  b a s i c   a s p h a l -  

t e n e s ,   t h e   r e c o v e r e d   c a t a l y s t   was  s t e a m e d   fo r   16  h o u r s  

a t   9 0 0 ° C   in  a  t u b e   f u r n a c e   in   an  8 0 / 2 0   h e l i u m / o x y g e n  

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

t h e n   c a l c i n e d   a t   500°C  and  a  s e c o n d   a s p h a l t e n e   s e p a r a t i o n  

c a r r i e d   o u t .  

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

n o n - b a s i c   and  b a s i c   a s p h a l t e n e s   were   82%  and  18%,  r e s p e c -  

t i v e l y .   The  n o n - b a s i c   f r a c t i o n   was  r e c o v e r e d   v i a   S o x h l e t  

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

r e m a i n i n g   on  t he   c a t a l y s t   was  d e t e r m i n e d   by  the   d i f f e r e n c e  

b e t w e e n   t h e   t o t a l   a m o u n t   of  a s p h a l t e n e s   on  the   c a t a l y s t  

(20  wt .%)   and  the   a m o u n t   of  r e c o v e r e d   n o n - b a s i c   a s p h a l t e n e s .  

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

t h e   c a t a l y s t   a t   5 5 0 ° C   to  p r o d u c e   l i q u i d s ,   g a s   and  a  

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

b a s i c   a s p h a l t e n e - l a d e n   c a t a l y s t   in  a  q u a r t z   t u b e   wh ich   w a s  

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

h o t   i r o n   b l o c k .   The  c o k e d   c a t a l y s t   was  t h e n   r e g e n e r a t e d  

u s i n g   t h e   16  h o u r ,   9 0 0 ° C   s t e a m i n g   t r e a t m e n t ,   c a l c i n e d  

a t   5 0 0 ° C   and  u s e d   f o r   a  t h i r d   s e p a r a t i o n ,   a f t e r   w h i c h  

t h e   c a t a l y s t   was  s u b j e c t e d   to   t h e   S o x h l e t   e x t r a c t i o n ,  

a s p h a l t e n e - c r a c k i n g ,   s t e a m   r e g e n e r a t i o n   and  c a l c i n i n g  

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

c a t a l y s t   was  t h e n   u sed   f o r   a  f o u r t h   s e p a r a t i o n .  



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

n o n - b a s i c / b a s i c   y i e l d s   of  67%/33%  and  78%/22%,   r e s p e c -  

t i v e l y .   I t   s h o u l d   be  n o t e d   t h a t   t h e   S o x h l e t   e x t r a c t i o n  

f o r   t he   t h i r d   s e p a r a t i o n   was  no t   done   f o r   as  long  a  t i m e  

as   t h a t   f o r   t h e   f i r s t ,   s e c o n d   and  f o u r t h   s e p a r a t i o n s .  

T h i s   may  e x p l a i n   t he   a p p a r e n t l y   g r e a t e r   y i e l d   of  b a s i c  

a s p h a l t e n e s   for   t he   t h i r d   s e p a r a t i o n .  

T h i s   e x a m p l e   s e r v e s   to  d e m o n s t r a t e   the   p r o c e s s  
of  t h i s   i n v e n t i o n   and  a l s o   shows   t h a t   t h e   b a s i c   a s p h a l t e n e  

s e p a r a t i o n   c a p a c i t y   of   t u n g s t e n   o x i d e   on  γ - A l 2 O 3   i s  

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

E x a m p l e   8 

In  t h i s   e x p e r i m e n t   a  s a m p l e   of   t he   DA-1  s i l i c a -  

a l u m i n a   c a t a l y s t   d e s c r i b e d   in  E x a m p l e   1  was  s t e a m e d   i n  

a  t u b e   f u r n a c e   f o r   16  h o u r s   a t   9 0 0 ° C   8 0 / 2 0   in  H e / 0 2  

s p a r g e d   t h r o u g h   w a t e r .   T h i s   s t e a m i n g   t r e a t m e n t   w a s  

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

t i o n s   t h a t   would  be  u s e d   to  r e m o v e   c o k e   f rom  a  c a t a l y s t .  

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

5 0 0 ° C   and  t h e n   u s e d   to   s e p a r a t e   b a s i c   and  n o n - b a s i c  

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

d e s c r i b e d   in  Example   1.  The  b a s i c / n o n - b a s i c   a s p h a l t e n e  

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

9 / 9 1   c o m p a r e d   to  3 2 / 6 8   f o r   a  c a l c i n e d   s a m p l e   of  DA-1  t h a t  

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

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

c o m p a r e d   to  t he   u n s t e a m e d   c a t a l y s t   ( E x a m p l e   1)  is  due  t o  

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

s i l i c a - a l u m i n a   m a t e r i a l .   A  s t e a m i n g   t r e a t m e n t   s i m i l a r   t o  

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

8 7 0 ° C ,   r e s u l t e d   in  a  r e d u c t i o n   of  H o  <   8 . 2 - t y p e   a c i d  

c e n t e r s   to  75  m i c r o m o l e s   pe r   g ram  ( , ( m / g )   [H.  A.  B e n e s i ,   J .  

Amer .   Chem.  Soc .   89,  5490  ( 1 9 5 6 ) ]   c o m p a r e d   to  425  .Jm/g  f o r  

an  u n s t e a m e d   s a m p l e .  

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

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

c a p a c i t y   r e s u l t i n g   f r o m   a  h i g h   t e m p e r a t u r e   s t e a m i n g  
t r e a t m e n t   of  a  c o n v e n t i o n a l   s i l i c a - a l u m i n a   c a t a l y s t .  
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A  TMO  c a t a l y s t   c o n s i s t i n g   of   12  w t .  %   T a 2 0 5  
on  γ - A l 2 O 3   was  p r e p a r e d   by  i m p r e g n a t i o n   w i t h   a  s o l u t i o n  
of  t a n t a l u m   e t h o x i d e   in  h e p t a n e   s u f f i c i e n t   to  f i l l   t h e  

p o r e s   of  t he   a l u m i n a .   The  h e p t a n e   was  r emoved   in  v a c u o  
and  t h e   a l k o x i d e   d e c o m p o s e d   by  c a l c i n a t i o n   a t   5 0 0 ° C .   To 
t h i s   was  a d d e d   9  w t .  %   W03  u s i n g   the   p r o c e d u r e   d e s c r i b e d  
in  E x a m p l e   7 .  

T h i s   m i x e d   o x i d e   c a t a l y s t   was  e m p l o y e d   fo r   t h e  
s e p a r a t i o n   of  b a s i c   and  n o n - b a s i c   a s p h a l t e n e s   as  d e s c r i b e d  
in  E x a m p l e   1,  e x c e p t   t h a t   t e t r a h y d r o p y r a n   was  u s e d   i n  
p l a c e   of  t e t r a h y d r o f u r a n .   The  n o n - b a s i c / b a s i c   a s p h a l t e n e  

s p l i t   u s i n g   t h i s   c a t a l y s t   was  8 0 / 2 0 .  

A f t e r   r e m o v i n g   t h e   a d s o r b e d   a s p h a l t e n e s ,   t h e  

c a t a l y s t   was  s t e a m e d   a t   900°C   as  d e s c r i b e d   in  Example   7 ,  
c a l c i n e d   a t   500°C  and  a n o t h e r   a s p h a l t e n e   s e p a r a t i o n   w a s  
c a r r i e d   o u t .   In  t he   s e c o n d   s e p a r a t i o n   the   n o n - b a s i c / b a s i c  

a s p h a l t e n e   s p l i t   was  7 9 / 2 1 .   T h u s ,   s t e a m i n g   the   c a t a l y s t  

d i d   n o t   e f f e c t   i t s   a b i l i t y   to  a d s o r b   b a s i c   a s p h a l t e n e s .  
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In  t h i s   e x p e r i m e n t ,   Cold   Lake  a s p h a l t e n e s   w e r e  

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

c a t a l y s t s   in  an  a m o u n t   of   20  w t . %   of   e a c h   c a t a l y s t   b y  

a d d i n g   t he   c a t a l y s t   to   a  s o l u t i o n   of  the   a s p h a l t e n e s   i n  

t o l u e n e   u n d e r   a  b l a n k e t   of   n i t r o g e n ,   f o l l o w e d   by  r e m o v i n g  

t he   t o l u e n e   in  a  r o t a r y   e v a p o r a t o r ,   d r y i n g   in  v a c u o   a t  

800c   and  g r i n d i n g   to  a  20  mesh   p a r t i c l e   s i z e   f o l l o w i n g  

t he   p r o c e d u r e   in  E x a m p l e   1.  The  a c t i v i t y   and  s e l e c t i v i t y  

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

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

in  E x a m p l e s   7  and  9  w h e r e i n   t h e   a s p h a l t e n e s   were   c a t a -  

l y t i c a l l y   c r a c k e d   o f f   a t   5 5 0 ° C .   The  r e s u l t s   a r e   s h o w n  

in  T a b l e   6 .  

These   d a t a   show  t h a t   t h e   c a t a l y s t   wh ich   p r o d u c e d  

t he   g r e a t e s t   a m o u n t   of   l i q u i d   p r o d u c t   from  the   Cold  L a k e  

a s p h a l t e n e s   was  t u n g s t e n   o x i d e   on  t he   p y r o g e n i c   a l u m i n a  

( D e g u s s a   A luminum  Oxide   C ) .  





1.  A  p r o c e s s   f o r   s e l e c t i v e l y   r e m o v i n g  

b a s i c   a s p h a l t e n e s   f rom  a  b a s i c   a s p h a l t e n e -  

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

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

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

c a t a l y t i c   m e t a l   o x i d e   s e l e c t e d   f r o m   t h e   o x i d e s   o f  

(a)   t u n g s t e n ,   n i o b i u m   and  m i x t u r e s   t h e r e o f   and  ( b )  

m i x t u r e s   of  (a )   w i t h   t a n t a l u m ,   h a f n i u m ,   c h r o m i u m ,  

t i t a n i u m ,   z i r c o n i u m   and  m i x t u r e s   t h e r e o f ,   s a i d  

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

m e t a l   o x i d e   s u p p o r t ,  

f o r   a  t i m e   s u f f i -  

c i e n t   t o   a d s o r b   at  l e a s t   a  p o r t i o n   of  s a i d   b a s i c  

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

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

2.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1 

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

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1 

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

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

t h e r e o f ,   i s   l e s s   t h a n   50%  of  t h e   a l u m i n a   c o n t e n t  

t h e r e o f .  



4.  A  p r o c e s s   a c c o r d i n g   to  e i t h e r   o f  

c l a i m s   1  and  2  w h e r e i n   s a i d   a l u m i n a   c o m p r i s e s  

a  g a m m a - a l u m i n a .  

5.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   4 

w h e r e i n   s a i d   c a t a l y s t   is  a  L e w i s   a c i d .  

6.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   4 

w h e r e i n   t he   c a t a l y s t   is  a  B r o n s t e d   a c i d .  

7.  A  p r o c e s s   a c c o r d i n g   to  any  o n e  

of  t he   p r e c e d i n g   c l a i m s   w h e r e i n   s a i d   c a t a l y s t  

i s   s t e a m e d   at  a  t e m p e r a t u r e   at  l e a s t   a b o u t   6 0 0 * C  

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

8.  A  p r o c e s s   a c c o r d i n g   to   any  o n e  

of  t he   p r e c e d i n g   c l a i m s   w h e r e i n   s a i d   c a t a l y s t  

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

150°C  p r i o r   to  b e i n g   c o n t a c t e d   w i t h   s a i d   f e e d .  

9.  A  p r o c e s s   a c c o r d i n g   to   any  o n e  

of  t he   p r e c e d i n g   c l a i m s   w h e r e i n   s a i d   c a t a l y s t  

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

l e a s t   one  g r o u p   IIA  m e t a l   o x i d e .  



10.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   o f  

t h e   p r e c e d i n g   c l a i m s   w h e r e i n   s a i d   f e e d   has  a  

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

c o n t e n t  t h e r e  o f .  

11.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   10 

w h e r e i n   s a i d   f e e d   c o n t a i n s   l e s s   t h a n   a b o u t   1% 

w a t e r .  

12.  An  a s p h a l t e n e   c o n t a i n i n g   h y d r o -  

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

p r e p a r e d   by  a  p r o c e s s   a c c o r d i n g   to  a n y  o n e   o f  

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