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§5)  Process  for  the  hydroconverslon  of  carbonaceous  and/or  hydrocarbonaceous  feeds. 

Carbonaceous  feeds  such  as  hydrocarbonaceous  oils 
and  coal  are  hydroconverted  (26) in  the  presence  of  a  com- 
bination  of  a  hydrogen  halide  and  a  metal-containing  cat- 
alyst  produced  in  situ  in  the  feed.  The  hydrogen  halide  is 
present in  an  amount to  provide  from  about  0.1  to  20  moles 
of  hydrogen  halide  per  atom  of the  metal  constituent  of the 
catalyst  to  increase  the  activity  of  the  catalyst. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   o f  t h e   I n v e n t i o n  

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

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

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

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

p r e p a r e d   in  s i t u   in  t he   f e e d .  

2.  D e s c r i p t i o n   of   t h e   P r i o r   A r t  

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 o n d u c t e d   in  t h e  

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

we l l   k n o w n .  

The  t e r m   " h y d r o c o n v e r s i o n "   w i t h   r e f e r e n c e   to  t h e  

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

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

the   h e a v y   c o n s t i t u e n t s   (as   m e a s u r e d   by  C o n r a d s o n   c a r b o n  

r e s i d u e )   of  t he   o i l   f e e d   i s   c o n v e r t e d   to  l o w e r   b o i l i n g  

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

The  t e r m   " h y d r o c o n v e r s i o n "   w i t h   r e f e r e n c e   to  t h e  

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

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

h y d r o g e n .  

U .S .   P a t e n t   3 , 1 2 3 , 5 5 0   d i s c l o s e s   t h e   a d d i t i o n   o f  

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

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

U .S .   P a t e n t   3 , 2 8 2 , 8 2 8   d i s c l o s e s   h y d r o r e f i n i n g   o f  

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

h a l i d e .  

U.S .   P a t e n t   2 , 0 5 7 , 6 2 9   d i s c l o s e s   t h e   r e f i n i n g   o f  

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

a  m e t a l   o x i d e   w h i c h   may  be  v a n a d i u m   o x i d e .  

U . S .   P a t e n t   3 , 7 0 0 , 5 8 3   d i s c l o s e s   c o a l  l i q u e -  

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

c a r b o n   r a d i c a l   s c a v e n g e r   w h i c h   may  be  a  h y d r o g e n   h a l i d e .  

I t   h a s   now  b e e n   f o u n d   t h a t   u t i l i z a t i o n   o f  

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

c a t a l y s t   p r o d u c e d   in  s i t u   in  t he   f e e d   in  s p e c i f i e d   r a t i o  

w i l l   i n c r e a s e   the   a c t i v i t y   of  t h e   c a t a l y s t .  

SUMMARY  OF  THE  INVENTION 

In   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   t h e r e   i s  



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

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

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

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

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

c o n s i s t i n g   o f   G r o u p s   I I ,   I I I ,   IVB,  VB,  VIB,   V I I B ,   V I I I   a n d  

m i x t u r e s   t h e r e o f   of  t h e   P e r i o d i c   T a b l e   o f   E l e m e n t s ;   ( b )  

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

gas  a t   h y d r o c o n v e r s i o n   c o n d i t i o n s ,   in  a  h y d r o c o n v e r s i o n  

z o n e ,   s a i d   m e t a l   compound   b e i n g   c o n v e r t e d   to  a  m e t a l - c o n -  

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

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

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

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

to  p r o v i d e   a  r a t i o   of   a b o u t   0 . 1   to  20  m o l e s   h y d r o g e n  

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

BRIEF  DESCRIPTION  OF  THE  DRAWING 

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

e m b o d i m e n t   o f   t h e   i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

T h e   p r o c e s s   o f   t h e   i n v e n t i o n   i s   g e n e r a l l y  

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

such   a s  h y d r o c a r b o n a c e o u s   o i l s ,   c o a l   and  m i x t u r e s   t h e r e o f .  

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

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

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

such  as  a t m o s p h e r i c   r e s i d u a   b o i l i n g   a b o v e   a b o u t   650°F   a t  

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

above   a b o u t   1 0 5 0 ° F   a t   a t m o s p h e r i c   p r e s s u r e ;   t a r s ;   b i t u m e n ;  

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

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

t i o n   b o t t o m s .   The  t e r m   " c o a l "   is  u sed   h e r e i n   to  d e s i g n a t e  

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

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

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

m i x t u r e s   t h e r e o f .   The  p r o c e s s   i s   a p p l i c a b l e   f o r   t h e  

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

c a r b o n a c e o u s   o i l .  



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

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

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

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

U.S.   P a t e n t s   4 , 1 3 4 , 8 2 5 ;   4 , 0 7 7 , 8 6 7 .  

R e f e r r i n g   to  t he   F i g u r e ,   a  c a r b o n a c e o u s   f e e d   i s  

i n t r o d u c e d   by  l i n e   10  i n t o   m i x e r   12.   When  c o a l   is   u s e d  

as  c a r b o n a c e o u s   f e e d ,   t he   c o a l   wou ld   be  p r e s e n t   as  c o a l  

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

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

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

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

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

c o m p o u n d ,   w h i c h   is   s o l u b l e   or   d i s p e r s i b l e   in  the   l i q u i d  

med ium,   or  when  a  h y d r o c a r b o n a c e o u s   o i l   f e e d   is   u s e d ,   i n  

the   h y d r o c a r b o n a c e o u s   o i l ,   i s   i n t r o d u c e d   i n t o   m i x e r   12  b y  

l i n e   14  to  t h e   f e e d .   The  m e t a l   c o m p o u n d   is   t he   p r e c u r s o r  
of  the   m e t a l - c o n t a i n i n g   h y d r o c o n v e r s i o n   c a t a l y s t .   w h i c h  

is  f o r m e d   in  s i t u   in  t he   c a r b o n a c e o u s   f e e d   when  the   f e e d  

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

a t u r e .  

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

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

such   as  i s o p o l y   and  h e t e r o p o l y   a c i d s ;   m e t a l   c a r b o n y l s ;  

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

a l i p h a t i c   c a r b o x y l i c   a c i d s   ( e . g .   n a p h t h e n i c   a c i d s ) ,   a n d  

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

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

ing  of  G r o u p s   I I ,   I I I ,   IVB,  VB,  VIB,   V I I B ,   V I I I   of  t h e  

P e r i o d i c   T a b l e   o f   E l e m e n t s   and  m i x t u r e s   t h e r e o f ,   i n  

a c c o r d a n c e   w i t h   t h e   t a b l e   p u b l i s h e d   by  S a r g e n t - W e l c h ,  

c o p y r i g h t   1 9 6 8 ,   S a r g e n t - W e l c h   S c i e n t i f i c   C o m p a n y ,   f o r  

e x a m p l e ,   z i n c ,   t i t a n i u m ,   c e r i u m ,   z i r c o n i u m ,   v a n a d i u m ,  

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

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

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

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

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



the  g r o u p   c o n s i s t i n g   of   G r o u p s   VB  and  VIB  of  t he   P e r i o d i c  

Table   of  E l e m e n t s   and  m i x t u r e s   t h e r e o f .   The  p r e f e r r e d  

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

a c y c l i c   and  a l i c y c l i c   a l i p h a t i c   c a r b o x y l i c   a c i d s ;   i s o p o l y  

a c i d s   and  h e t e r o p o l y   a c i d s   of  m e t a l s   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   o f   G r o u p s   VB  and   VIB  of  t h e   P e r i o d i c  

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

m o l y b d e n u m ,   t u n g s t e n   and  m i x t u r e s   t h e r e o f .   The  t e r m s  

" h e t e r o p o l y a c i d "   and  " i s o p o l y   a c i d "   a re   used   h e r e i n   i n  

a c c o r d a n c e   w i t h   t h e   d e f i n i t i o n   g i v e n   in  A d v a n c e d   I n o r g a n i c  

C h e m i s t r y ,   3 rd   E d i t i o n ,   by  S.  A.  C o t t o n   and   G e o f f r e y  

W i l k i n s o n ,   I n t e r s c i e n c e   P u b l i s h e r s ,   New  Y o r k ,   p a g e s  

9 5 0 - 9 5 7 .   S u i t a b l e   i n o r g a n i c   p o l y   a c i d s   i n c l u d e   p h o s p h o -  

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

s i l i c o m o l y b d i c   a c i d ,   s i l i c o t u n g s t i c   a c i d ,   s i l i c o v a n a d i c  

ac id   and  m i x t u r e s   t h e r e o f .   The  p r e f e r r e d   m e t a l   c o n s t i -  

t u e n t   of  t he   p o l y   a c i d   is   s e l e c t e d   f rom  the   g r o u p   c o n s i s t -  

ing  of  m o l y b d e n u m ,   v a n a d i u m   and  c h r o m i u m .   The  p r e f e r r e d  

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

t i o n s   of  t h e   t h e r m a l l y   d e c o m p o s a b l e   m e t a l   c o m p o u n d   r a n g e  
from  a b o u t   1  t o  a b o u t   2000  wppm,  p r e f e r a b l y   f rom  a b o u t   5 

to  a b o u t   950  wppm,  more   p r e f e r a b l y   f rom  a b o u t   10  to   3 0 0  

wppm,  c a l c u l a t e d   a s   t h e   e l e m e n t a l   m e t a l ,   b a s e d   on  t h e  

c a r b o n a c e o u s   f e e d ,   t h a t   i s ,   when  t he   f e e d   is   c o a l ,   i t   i s  

ba sed   on  c o a l   a l o n e ;   when  t h e   f e e d   i s   a  h y d r o c a r b o n a c e o u s  

o i l ,   i t   i s   b a s e d   on  t he   o i l   f e e d ;   and  when  the   f e e d   i s   a  

m i x t u r e   of  c o a l   and  o i l ,   i t   i s   b a s e d   on  b o t h .  

A  h y d r o g e n   h a l i d e ,   p r e f e r a b l y   h y d r o g e n   c h l o r i d e ,  

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

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

i n to   m i x e r   12  by  l i n e   16  in  an  a m o u n t   such   as  to  p r o v i d e   a  

r a t i o   f rom  a b o u t   0 . 1   to  a b o u t   20  m o l e s   h y d r o g e n   h a l i d e  

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

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

0.5  to  a b o u t   10  m o l e s   h y d r o g e n   h a l i d e   per   a tom  of  m e t a l  

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

more  p r e f e r a b l y   a  r a t i o   f r o m   a b o u t   1  to  a b o u t   5,  m o l e s  

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



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

more  t h a n   one  m e t a l   c o n s t i t u e n t ,   t h e   g i v e n   r a t i o   of  m o l e s  

of  h y d r o g e n   h a l i d e   wou ld   a p p l y   pe r   a tom  of   t h e   m i x t u r e  

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

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

be  a d d e d   to   t h e   f e e d   c a r r i e d   in  l i n e   10  or  a d d e d   t o  

the  p r e h e a t e d   f e e d   in  l i n e   24  or  added   d i r e c t l y   to  t h e  

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

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

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

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

duced   d i r e c t l y   i n t o   h y d r o c o n v e r s i o n   zone  26.  The  m i x t u r e  

is  r e m o v e d   f rom  m i x e r   12  by  l i n e   18.  A  h y d r o g e n - c o n t a i n -  

ing  gas   i s   i n t r o d u c e d   i n t o   t h e   m i x t u r e   by  l i n e   20 .   T h e  

h y d r o g e n - c o n t a i n i n g   g a s   may  c o m p r i s e   f rom  a b o u t   1  to  a b o u t  

10  mole   p e r c e n t   h y d r o g e n   s u l f i d e .   The  c a r b o n a c e o u s   f e e d  

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

h y d r o g e n   m i x t u r e   i s   t h e n   p a s s e d   to  h e a t e r   22  w h e r e   t h e  

m i x t u r e   i s   p r e h e a t e d .   The  p r e h e a t e d   m i x t u r e  i s   r e m o v e d  

by  l i n e   24 ,   p a s s e d   to  a  h y d r o c o n v e r s i o n   zone   in  r e a c t o r  

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

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

h y d r o c o n v e r s i o n   c o n d i t i o n s .   The  h y d r o c o n v e r s i o n   r e a c t i o n  

zone  in  r e a c t o r   26  i s   m a i n t a i n e d   at   a  t e m p e r a t u r e   r a n g i n g  

f rom  a b o u t   600  to   a b o u t   8 5 0 0 F ,   p r e f e r a b l y   f r o m   a b o u t  

700  to  a b o u t   8 0 0 0 F ,   and  a t   a  h y d r o g e n   p a r t i a l   p r e s s u r e  

r a n g i n g   f r o m   a b o u t   500  to  a b o u t   5000   p s i g ,   p r e f e r a b l y  

from  a b o u t   1000  to  a b o u t   3000  p s i g .   The  c o n t a c t   t i m e   m a y  

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

S u i t a b l e   c o n t a c t   t i m e s   may  r a n g e   f r o m   a b o u t   0 . 1   to   10  

h o u r s ,   p r e f e r a b l y   f rom  a b o u t   0 . 1 5   to  4  h o u r s ,   more   p r e f e r -  

a b l y   f rom  a b o u t   0 . 5   to  2 .0   h o u r s .   The  m i x e d   p h a s e   p r o d u c t  

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

r e a c t o r   26  by  l i n e   28  and  p a s s e d   to  s e p a r a t o r   30  w h e r e   i t  

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

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

bons  and  h y d r o g e n ,   r e m o v e d   by  l i n e   32  and  a  p r i n c i p a l l y  

l i q u i d   p h a s e   r e m o v e d   by  l i n e   34.   The  v a p o r o u s   p h a s e   m a y  



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

h y d r o g e n - r i c h   g a s ,   wh ich   i f   d e s i r e d ,   may  be  r e c y c l e d   t o  

h y d r o c o n v e r s i o n   zone  26.  The  n o r m a l l y   l i q u i d   h y d r o c a r b o n  

phase   may  be  s e p a r a t e d   i n t o   f r a c t i o n s ,   as  i s   w e l l   known  i n  

the  a r t .   For  e x a m p l e ,   t h e   n o r m a l l y   l i q u i d   h y d r o c a r b o n  

p h a s e   may  be  s e p a r a t e d   i n t o   a  n a p h t h a   s t r e a m ,   a  m i d d l e  

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

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

f r a c t i o n   c o n t a i n i n g   the   c a t a l y s t   may  be  r e c y c l e d   to  t h e  

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

to  s e p a r a t e   t he   c a t a l y s t   f rom  t he   r e a c t o r   e f f l u e n t   or  f r o m  

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

means  known  in  t h e   a r t ,   s u c h   as  by  f i l t r a t i o n ,   c e n t r i f u g a -  

t i o n ,   s e t t l i n g   and  d r a w o f f .   I f   d e s i r e d ,   a t   l e a s t   a  

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

the   p r o c e s s   e i t h e r   d i r e c t l y   i n t o .   t h e   h y d r o c o n v e r s i o n   z o n e  

or  i n t o   t h e   f e e d   l i n e   or   i n t o   t h e   m i x e r .   A f t e r   t h e  

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

d e c o m p o s a b l e   m e t a l   compound   to  t he   f e e d   may  be  d e c r e a s e d  

or  d i s c o n t i n u e d .  

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

t r a t e   t h e   i n v e n t i o n .  

EXAMPLE  1 

C o m p a r a t i v e   h y d r o c o n v e r s i o n   e x p e r i m e n t s   w e r e  
made  u t i l i z i n g   as   f e e d   a  C o l d   L a k e   c r u d e   o i l   h a v i n g   a  

n i t r o g e n   c o n t e n t   of  0 .44   w e i g h t   p e r c e n t ,   a  s u l f u r   c o n t e n t  

of  4 . 3   w e i g h t   p e r c e n t ,   a  C o n r a d s o n   c a r b o n   c o n t e n t   o f  

1 2 . 9   w e i g h t   p e r c e n t ,   a  n i c k e l   c o n t e n t   o f   74  p a r t s   p e r  
m i l l i o n   p a r t s   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   o f  

174  wppm.  The  t h e r m a l l y   d e c o m p o s a b l e   c o m p o u n d   u sed   a s  

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

n a p h t h e n a t e ,   a  n a p h t h e n i c   a c i d   s a l t   c o n t a i n i n g   6  w e i g h t  

p e r c e n t   m o l y b d e n u m .   The  p r e c u r s o r   f o r   in  s i t u   f o r m e d  

h y d r o g e n   c h l o r i d e   was  t e r t i a r y - a m y l   c h l o r i d e .  

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

ing  m a n n e r .   In  E x p e r i m e n t   No.  R - 1 2 9 ,   w h i c h   i s   n o t   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   a  300cc   s t i r r e d  

a u t o c l a v e   was  c h a r g e d   w i t h   100g  of  C o l d  . . L a k e   c r u d e   a n d  



0 .5g   of  a  s o l u t i o n   c o m p r i s i n g   36  w e i g h t   p e r c e n t   m o l y b d e n u m  

n a p h t h e n a t e   in  x y l e n e ,   an  a m o u n t   s u f f i c i e n t   to   g i v e   a  

m o l y b d e n u m   c o n c e n t r a t i o n   on  f e e d   of   108  wppm.   In  t h e  

e x p e r i m e n ' t   d e s i g n a t e d   R - 1 3 1 ,   w h i c h   i s   an  e x p e r i m e n t   i n  

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

a l s o   c h a r g e d   0 . 5 g   of   a  s o l u t i o n   c o n t a i n i n g   10  w e i g h t  

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

to  f u r n i s h   a  r a t i o   of  4 .1   g r a m - m o l e s   of  HC1  pe r   g r a m - a t o m  

of  m o l y b d e n u m .   The  m o l y b d e n u m   n a p h t h e n a t e   and   t - a m y l  

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

to  the   a u t o c l a v e .   In  b o t h   e x p e r i m e n t s ,   t h e   a u t o c l a v e   w a s  

s u b s e q u e n t l y   c h a r g e d   w i t h   200  p s i g   H2S  and  1300   p s i g  

H2  a f t e r   w h i c h   i t   was  h e a t e d   w i t h   s t i r r i n g   f o r   30  m i n u t e s  

at   7 2 5 0 F ,   c o o l e d   r a p i d l y   to  room  t e m p e r a t u r e   and  d e p r e s s u r -  

ed.   T h i s   c o m p l e t e d   t h e   p r e t r e a t m e n t   s t e p   of  t h e   e x p e r i -  

m e n t s .   N e x t ,   t h e   a u t o c l a v e   was  c h a r g e d   w i t h   2000  p s i g  

H2  at  room  t e m p e r a t u r e   and  t h e n   h e a t e d   w i t h   s t i r r i n g   a t  

8 3 0 ° F   f o r   60  m i n u t e s   to   c a r r y   o u t   t h e   h y d r o c o n v e r s i o n  

r e a c t i o n .   Upon  c o o l i n g   to  room  t e m p e r a t u r e ,   t h e   a u t o c l a v e  

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

c o n t e n t s   f i l t e r e d   to  r e c o v e r   s o l i d   and  l i q u i d   p r o d u c t s .  

As  c a n   be  s e e n   by  c o m p a r i n g   t h e   e x p e r i m e n t a l  

r e s u l t s   g i v e n   in  T a b l e   I ,   t h e   a d d i t i o n   of  t h e   HC1  p r e -  

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

p e r f o r m a n c e .   In   t h e   c h l o r i d e - c o n t a i n i n g   e x p e r i m e n t ,  

R - 1 3 1 ,   m e t a l s   r e m o v a l ,   C o n r a d s o n   c a r b o n   c o n v e r s i o n   a n d  

coke  s u p p r e s s i o n   were   s u b s t a n t i a l l y   b e t t e r   t h a n   in  t h e  

c h l o r i d e - f r e e   c o n t r o l   e x p e r i m e n t ,   R - 1 2 9 .  





EXAMPLE  2 

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

e x p e r i m e n t s   was  made  in  t he   300cc   b a t c h   a u t o c l a v e   u s i n g  

the   Cold   Lake  c r u d e   f e e d   and  the   m o l y b d e n u m   n a p h t h e n a t e  

c a t a l y s t   p r e c u r s o r   o f   E x a m p l e   1.  H o w e v e r ,   in  t h e   H C l  

c o n t a i n i n g   e x p e r i m e n t   of   t h i s   s e t ,   a n h y d r o u s   HC1  gas   w a s  

s u b s t i t u t e d   f o r   t he   HCl  p r e c u r s o r ,   t - a m y l   c h l o r i d e .   A l s o ,  

the   p r e t r e a t m e n t   s t e p   u s e d   in  the   e x p e r i m e n t s   of  Example   1 

was  o m i t t e d .   The  q u a n t i t i e s   of   r e a c t a n t s   u s e d ,   t h e  

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

r e s u l t s   a r e   g i v e n   in  T a b l e   I I .  





As  c a n   be  s e e n   by  c o m p a r i n g   t h e   e x p e r i m e n t a l  

r e s u l t s   g i v e n   in  T a b l e   I I ,   t h e   a d d i t i o n   o f   a n h y d r o u s  

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

In  t he   H C 1 - c o n t a i n i n g   e x p e r i m e n t ,   R - 3 8 6 ,   m e t a l s   r e m o v a l ,  

s u l f u r   r e m o v a l ,   and  C o n r a d s o n   c a r b o n   c o n v e r s i o n   w e r e  

s u b s t a n t i a l l y   b e t t e r   t h a n   in  t h e   H C 1 - f r e e   c o n t r o l   e x p e r i -  

m e n t ,   4 9 - R - 2 6 .  

EXAMPLE  3 

A  t h i r d   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 a s  

made  u s i n g   as  f e e d   a  t o p p e d   Cold   Lake  c r u d e   o i l   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   of  8 5 0 ° F ,   a  s u l f u r   c o n t e n t   o f  

5 . 6   w t . % ,   a  C o n r a d s o n   c a r b o n   c o n t e n t   of   2 0 . 0   w t . % ,   a  

n i c k e l   c o n t e n t   of  110  wppm  and  a  v a n a d i u m   c o n t e n t   of  260  

wppm.  The  p r e c u r s o r   for   t he   i n - s i t u   f o r m e d   c a t a l y s t   was  a  

p h o s p h o m o l y b d i c   a c i d   ( P M A ) ,   2  H 3 P 0 4 . 2 0   M o 0 3 . 4 8   H 2 0 .  

PMA  was  d i s s o l v e d   in  d e i o n i z e d   w a t e r  p r i o r   to   u s e .   HCl 

was  a d d e d   as  a  38  wt.%  s o l u t i o n   of   HCl  in  w a t e r .  

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

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

Example   1.  In  t h e   e x p e r i m e n t   d e s i g n a t e d   R - 5 0 9 ,   w h i c h   i s  

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

a u t o c l a v e   was  c h a r g e d   w i t h   9 5 . 0 g   of   t o p p e d   Co ld   Lake   c r u d e  

and  1 . 6 7 g   o f   a  s o l u t i o n   c o n t a i n i n g   1 6 . 6 7   w t . %   PMA  a n d  

9 . 1 0   wt .%  of   t h e   h y d r o c h l o r i c   a c i d   s o l u t i o n   and  7 4 . 2 3 %  

d e i o n i z e d   w a t e r .   In  e x p e r i m e n t   R - 5 0 2 ,   w h i c h   i s   no t   i n  

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

c o n s i s t e d   o f   9 8 . 5 g   of  t o p p e d   c r u d e   and  1 . 6 7 g   o f   a  s o l u t i o n  

c o m p r i s e d   of   1 6 . 5   wt.%  PMA  in  d e i o n i z e d   w a t e r .   In  b o t h  

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

50  p s i g   H2S  and  2350  p s i g   H2,  h e a t e d   f o r   30  m i n u t e s   a t  

7 2 5 0 F   f o l l o w e d   by  60  m i n u t e s   a t   8 0 0 ° F ,   t h e n   c o o l e d   t o  

room  t e m p e r a t u r e   and  v e n t e d   to  r e c o v e r   g a s e o u s   p r o d u c t s .  

L i q u i d   and  s o l i d   p r o d u c t s   were   r e c o v e r e d   by  f i l t e r i n g   t h e  

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

g i v e n   in   T a b l e   I I I .  





As  c a n   b e  s e e n   f r o m   t h e   d a t a   of   T a b l e   I I I ,  

t h e   a d d i t i o n   o f   a q u e o u s   HC1  i m p r o v e d   h y d r o c o n v e r s i o n  

p e r f o r m a n c e .   In  t he   H C l - c o n t a i n i n g   e x p e r i m e n t ,   R - 5 0 9 ,  

d e s u l f u r i z a t i o n   and   C o n r a d s o n   c a r b o n   c o n v e r s i o n   w e r e  

a p p r e c i a b l y   b e t t e r   t h a n   in  t h e   H C l - f r e e   c o n t r o l   e x p e r i -  

m e n t ,   R - 5 0 2 .  

EXAMPLE  4 

C o m p a r a t i v e   h y d r o c o n v e r s i o n   e x p e r i m e n t s   ( T a b l e  

IV)  were  made  u t i l i z i n g   as  f e e d   a  s l u r r y   of  e q u a l   p a r t s   b y  

w e i g h t   of   1 - m e t h y l   n a p h t h a l e n e   and  d r y   Wyodak  c o a l   p o w d e r  

of   p a r t i c l e   s i z e   s m a l l e r   t h a n   100  m e s h   ( T y l e r ) .   T h e  

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

in  s i t u   f o r m e d   c a t a l y s t   was  a  p h o s p h o m o l y b d i c   a c i d   ( P M A ) ,  

2  H 3 P 0 4 . 2 4 M o 0 3 . x   H20,   w h i c h   a s s a y e d   f o r   50  wt.%  m o l y b d e n u m .  

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

t e r t i a r y - a m y l   c h l o r i d e .  

In  E x p e r i m e n t   Number   6 4 2 ,   w h i c h   is  an  e x p e r i m e n t  

in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h e   3 0 0 c c  

a u t o c l a v e   r e a c t o r   d e s c r i b e d   in  E x a m p l e   1  was  c h a r g e d   w i t h  

82g  of  c o a l   s l u r r y   and  0 . 8 4 g   of  a  b l e n d   o f  PMA  and  t - a m y l  

c h l o r i d e   in  m - c r e s o l ,   w h i c h   was  p r e p a r e d   by  m i x i n g   0 . 8 8 g  

of  t - a m y l   c h l o r i d e   d i s s o l v e d   in  1 9 . 1 2 g   of  m - c r e s o l   to  a  

b l e n d   of   0 . 3 9 g   PMA  in  1 9 . 6 1 g  o f   m - c r e s o l .   In  E x p e r i m e n t  

Number  643 ,   w h i c h   i s   n o t   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n ,   t h e   a u t o c l a v e   c h a r g e   c o n s i s t e d   of  8 1 . 0 g   of   c o a l  

s l u r r y   and  0 . 8 4 g   of  a  b l e n d   c o m p r i s e d   o f  0 . 3 9 g   PMA  a n d  

3 9 . 6 1 g   of   m - c r e s o l .   From  t h i s   p o i n t   on ,   t h e   e x p e r i m e n t s  

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

of  the   f o l l o w i n g   s t e p s .   The  a u t o c l a v e   c o n t a i n i n g   t h e   c o a l  

s l u r r y   and  c a t a l y s t   b l e n d   was  c h a r g e d   a t   room  t e m p e r a t u r e  
wi th   100  p s i g   H2S  and  2 , 5 5 0   p s i g   H2  and  t h e n   h e a t e d   t o  

800°F   f o r   a  60  m i n u t e   s t i r r e d   c o n t a c t .   Upon  c o o l i n g   t o  

room  t e m p e r a t u r e ,   t h e   r e a c t o r   was  d e p r e s s u r e d   to  r e c o v e r  

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

to  r e c o v e r   l i q u i d   and  s o l i d   p r o d u c t s .   The  w e i g h t   o f  

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

d r y i n g   was  u s e d   to   d e t e r m i n e   t h e   c o n v e r s i o n   of  t he   c o a l ,  
s a i d   c o n v e r s i o n   b e i n g   e x p r e s s e d   as  c o n v e r s i o n   b a s e d   on  t h e  



w e i g h t   of  d r y ,   a sh   c o n t a i n i n g   c o a l   c h a r g e d .   The  l i q u i d  

p r o d u c t ,   r e c o v e r e d   by  f i l t r a t i o n ,   was  a n a l y z e d   f o r   s u l f u r ,  

n i t r o g e n   and  C o n r a d s o n   c a r b o n   c o n t e n t .  

As  c an   be  s e e n   by  c o m p a r i n g   t h e   e x p e r i m e n t a l  

r e s u l t s   g i v e n   in  T a b l e   IV ,   t h e   a d d i t i o n   of   t h e   HC1 

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

p e r f o r m a n c e .   In  t h e   c h l o r i d e - c o n t a i n i n g   e x p e r i m e n t ,  

No.  6 4 2 ,   t h e   c o a l   c o n v e r s i o n   was  h i g h e r   ( l e s s   t o l u e n e  

i n s o l u b l e   s o l i d s   r e c o v e r e d )   and   t h e   l i q u i d   p r o d u c t s  

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

c h l o r i d e - f r e e   e x p e r i m e n t ,   No.  6 4 3 .  





Conversion  of  U n i t s  

Temperatures   expressed   he re in   in  °F  are  conver ted   to  °C  by  s u b t r a c t i n g  

32  and  then  d i v i d i n g   by  1 . 8 .  

G a u g e   P r e s s u r e s   expressed   in  pounds  per  square  inch  gauge  ( p s i g )  

are  converted  to  gauge  k i l o P a s c a l s   (kPa)  by  m u l t i p l y i n g   by  6 . 8 9 5 .  



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

c a r b o n a c e o u s   f e e d   w h i c h   c o m p r i s e s :  

(a)  f o r m i n g   a  m i x t u r e   of  s a i d   c a r b o n a c e o u s   f e e d  

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

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

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of   G r o u p s   I I ,   I I I ,  

IVB,  VB,  V I B ,   V I I B ,   V I I I   and  m i x t u r e s   t h e r e o f   of   t h e  

P e r i o d i c   T a b l e   of   E l e m e n t s ;  

(b)  r e a c t i n g   t h e   r e s u l t i n g   m i x t u r e   w i t h   a  

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

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

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

m i x t u r e   a t   s a i d   c o n d i t i o n s ,   a n d  

(c)  r e c o v e r i n g   a  n o r m a l l y   l i q u i d   h y d r o c a r b o n  

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

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

in  an  a m o u n t   s u c h   as  to  p r o v i d e   a  r a t i o   f rom  a b o u t   0 . 1  

to  a b o u t   20  m o l e s   h y d r o g e n   h a l i d e   per   a t o m   of  s a i d   m e t a l  

c o n s t i t u e n t .  

2.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   s a i d   t h e r m a l -  

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

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

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

3.  The  p r o c e s s   of   c l a i m   1  or  c l a i m   2  w h e r e i n  

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

p h o m o l y b d i c   a c i d .  

4.  The  p r o c e s s   of  c l a i m   1  or  c l a i m   2  w h e r e i n  

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

n a p h t h e n a t e .  



5.  The  p rocess   of  any  one  of  claims  1  to  4  wherein   s a i d  

metal  compound  is  added  in  an  amount  such  as  to  p rov ide   from  about  1  t o  

about  2000  wppm  of  said  metal  c o n s t i t u e n t ,   c a l c u l a t e d   as  e l e m e n t a l  

metal ,   based  on  the  weight  of  said  carbonaceous   f e e d .  

6.  The  p roces s   of  any  one  of  claims  1  to  5  where in   s a i d  

hydroconver s ion   c o n d i t i o n s   i nc lude   a  t empera tu re   r ang ing   from  a b o u t  

315.6  to  454.4°C  (600°F  to  about  850°F)  and  a (gauge) hydrogen  p a r t i a l   p r e s s u r e  

ranging  from  about  3447.5  to  34475  kPa  (500  to  about  5,000  p s i g ) .  

7.  The  p rocess   of  any  one  of  claims  1  to  6  wherein   s a i d  

carbonaceous  feed  comprises   a  hydroca rbonaceous   o i l .  

8.  The  p rocess   of  any  one  of  claims  1  to  7  wherein  s a i d  

carbonaceous  feed  comprises   c o a l .  

9.  The  p rocess   of  any  one  of  claims  1  to  8  wherein  s a i d  

h y d r o g e n - c o n t a i n i n g   gas  comprises   from  about  1  to  about  10  mole  p e r c e n t  

hydrogen  s u l f i d e .  

10.  The  p rocess   of  any  one  o f   claims  1  to  9  wherein   s a i d  

hydrogen  h a l i d e   is  p r e s e n t   in  an  amount  such  as  to  p rov ide   a  r a t i o   f rom 

about  1  to  about  5  moles  hydrogen  h a l i d e   per  atom  of  said  m e t a l  

c o n s t i t u e n t .  
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