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I n   the  hydrogenation  of  coal  and  substances  derived 
therefrom,  the  catalyst  is  provided  by  adding  nickel  carbon- 
ate  to  the  reaction  mixture. 



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

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

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

in   t h e   p r e s e n c e   of   a  c a t a l y s t .  

S l u r r i e s   of   c o a l   w i t h   o i l   can   be  h y d r o g e n a t e d  

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

y i e l d   m e t h a n e   and  l i g h t   p e t r o l e u m   l i q u i d s   and  g a s e s .  
I t   i s   known  to   h y d r o g e n a t e   c o a l   s l u r r i e s   in  t h e   p r e s e n c e  
of   a  h e t e r o g e n e o u s   c a t a l y s t ,   e . g .   Co-Mo  s u p p o r t e d   on  a n  

a l u m i n a   or  s i l i c a   b a s e .   The  u se   of  s u c h   s u p p o r t e d  

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

t h e   y i e l d   and  q u a l i t y   of  t h e   d e s i r a b l e   " d i s t i l l a t e "  

f r a c t i o n ,   t h a t   i s   to   say   l i g h t   o i l s   and   l i q u i d   f u e l ,   b u t  

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

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

and   d e a c t i v a t e s   t h e   c a t a l y s t .   Coke  s h o u l d   a l s o   b e  

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

r e d u c e s   t h e   y i e l d   of  t h e   d e s i r a b l e   d i s t i l l a t e .   F u r t h e r -  

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

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

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

A  g r e a t   d e a l   of  r e s e a r c h   h a s   gone   i n t o  

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

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

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

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

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

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

s u f f e r   f rom  one  or   more   of   t h e   d i s a d v a n t a g e s   t h a t :  

(1)  t h e y   a r e   no t   as  e f f e c t i v e   a s  

s u p p o r t e d   c a t a l y s t s ;  

(2)  t h e y   a r e   u n s t a b l e   u n d e r   h y d r o g e n a t i o n  

c o n d i t i o n s ;  

(3)  t h e y   a r e   d i f f i c u l t   to   s e p a r a t e   f r o m  



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

h y d r o g e n a t i o n   in  o r d e r   to   be  r e c y c l e d .  

The  p r e s e n t   i n v e n t i o n   i s   b a s e d   on  t h e   d i s -  

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

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

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

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

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

A c c o r d i n g l y   t h e   p r e s e n t   i n v e n t i o n   c o n s i s t s  

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

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

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

a d d i t i o n   of   n i c k e l   c a r b o n a t e   t o   t h e   r e a c t i o n   m i x t u r e .  

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

in   t h e   f o r m   of   s l u r r y   w i t h   a  h e a v y   o i l   ( p a s t i n g   o i l )   a n d  

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

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

e i t h e r   b e f o r e   or   d u r i n g   h y d r o g e n a t i o n .  

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

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

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

t e m p e r a t u r e s .   W h i l e   t h e   u se   of  h i g h   t e m p e r a t u r e s  

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

t h a t   t h e   a m o u n t   of   c o k e   i s   r e d u c e d   by  t h e   a d d i t i o n  

of   n i c k e l   c a r b o n a t e .   A l s o   t h e   n i c k e l   c a r b o n a t e  

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

t h a t   i s   o b t a i n e d   by  h y d r o g e n a t i o n .  

The  h y d r o g e n a t i o n   p r o c e s s   of   t h e   p r e s e n t  

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

in   t h e   r a n g e   of   f r o m   400  to   500°C  s i n c e   a t   t e m p e r a t u r e s  

a b o v e   500°C   c o k e   f o r m a t i o n   i s   e x c e s s i v e   and   a t   t e m p e r a -  

t u r e s   b e l o w   4 0 0 ° C   i n s u f f i c i e n t   h y d r o g e n a t i o n   i s   a c h i e v e d .  

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

f r o m   3 , 5 0 0   t o   3 5 , 0 0 0   k N / m 2 .   H i g h e r   p r e s s u r e s  



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

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

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

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

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

r e c o v e r   t h e   l i q u i d   p r o d u c t s   ( t h e   d i s t i l l a t e ) .   T h e  

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

c a t a l y s t ,   can   t h e n   be  m i x e d   w i t h   f u r t h e r   c o a l   and  t h e  

h y d r o g e n a t i o n   s t a g e   r e p e a t e d .   A d v a n t a g e o u s l y   some  o f  

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

e x c e s s i v e   b u i l d - u p   of  coke  and  v i s c o u s   heavy  o i l .   The  m a t e r i a l   b l e d  

off   w i l l  o f  c o u r s e   c o n t a i n   some  c a t a l y s t ,   and  i t   i s  

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

coke   r e s i d u e   t h e n   t r e a t e d   t o   r e c o v e r   t h e   n i c k e l   c o n t e n t  

of  t h e   c a t a l y s t .  

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

t h e   coke   by  c o n t a c t i n g   i t ,   in   t h e   p r e s e n c e   of   o x y g e n ,  
w i t h   an  a q u e o u s   m i n e r a l   a c i d   s o l u t i o n ,   e . g .   of   s u l p h u r i c  

a c i d ,   h a v i n g   a  pH  n o t   g r e a t e r   t h a n   3.  The  l e a c h i n g  

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

70°C ,   and   m o s t   p r e f e r a b l y   n o t   l e s s   t h a n   1 0 0 ° C ,   a n d  

u n d e r   an  o x y g e n   p a r t i a l   p r e s s u r e   of   n o t   l e s s   t h a n  

20  kN/m2  and  m o s t   p r e f e r a b l y   n o t   l e s s   t h a n   275  k N / m 2 .  

The  pH  i s   a d v a n t a g e o u s l y   a b o u t   O.  The  n i c k e l   m a y  
be  r e c o v e r e d   f r o m   t h e   l e a c h   s o l u t i o n   in  any  known  w a y ,  

e . g .   by  e l e c t r o w i n n i n g .   A l t e r n a t i v e l y   t h e   n i c k e l   m a y  
be  r e c o v e r e d   f rom  t h e   c o k e   r e s i d u e   by  s m e l t i n g   i t  

t o   a  m a t t e ,   e . g .   w i t h   p y r r h o t i t e .  

In  any  e v e n t ,   when  o n l y   p a r t   of   t h e   d i s t i l l a -  

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

b e i n g   b l e d   o f f   and  t r e a t e d   to   r e c o v e r   i t s   n i c k e l   c o n t e n t ,  

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

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

c o n t e n t .  

As  w i l l   b e  a p p r e c i a t e d   f rom  t h e   a b o v e  

d i s c u s s i o n ,   t h e   p r o c e s s   of   t h e   p r e s e n t   i n v e n t i o n   may  b e  



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

a l t h o u g h   t h e   l a t t e r   i s   p r e f e r r e d .  

The  r e a c t i o n s   t h a t   o c c u r   in   t h e   h y d r o g e n a t i o n  

of   c o a l   and   c o a l - d e r i v e d   m a t e r i a l   a r e   c o m p l e x .   I t  

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

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

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

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

a  c a t a l y s t .   W h e t h e r   or  n o t   t h a t   i s   t h e   c a s e ,   we  h a v e  

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

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

.  The  e x a c t   c h e m i c a l   c o m p o s i t i o n   of   t h e   n i c k e l  

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

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

i n c l u d e s   b a s i c   n i c k e l   c a r b o n a t e ,   w h i c h   i s   t h e   fo rm  i n  

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

The  c a t a l y t i c   h y d r o g e n a t i o n   of   c o a l   a c c o r d i n g  

to   t h e   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in   more  d e t a i l ,  

by  way  of   e x a m p l e   o n l y ,   in  t h e   f o l l o w i n g   E x a m p l e ,   i n  

w h i c h   t h e   r e s u l t s   o b t a i n e d   w i t h   t h e   u s e   of  n i c k e l  

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

in   one   of   w h i c h   no  c a t a l y s t   was  u s e d   and  in  t h e  

o t h e r   c o b a l t   c a r b o n a t e   was  a d d e d   t o   t h e  

r e a c t i o n   m i x t u r e .  

E x a m p l e  

In   e a c h   of   t h r e e  t e s t s ,   100  g  of   Cape  B r e t o n  

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

p r e s s u r e   a u t o c l a v e   w i t h   300  g  of  D o m t a r   a r o m a t i c   o i l ,  

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

2 6 0 - 3 3 0 ° C ,   w h i c h   s e r v e d   as  p a s t i n g   o i l .   In  T e s t   No.  I  

no  c a t a l y s t   a d d i t i o n   was  made ,   and   in   T e s t s   2  and  3 

0 . 9 2   g  of   NiC03  a n d   CoCO3  r e s p e c t i v e l y  

was  a d d e d .   The  c o m p o s i t i o n s   of   t h e   c o a l   and  o i l   w e r e  

as  f o l l o w s ,   in   p e r c e n t   by  w e i g h t :  



The  s l u r r y   was  p r e s s u r i s e d   and  t r a n s f e r r e d  

to   a  h i g h   p r e s s u r e   a u t o c l a v e .   A  m i x t u r e   of   2  v o l u m e s  

h y d r o g e n   and  one  v o l u m e   c a r b o n   m o n o x i d e .  
w a s   i n t r o d u c e d   to   g i v e   a  H2 

p a r t i a l   p r e s s u r e   a t   room  t e m p e r a t u r e   of  1 3 , 8 0 0   k N / m 2 ,  

and  t h e   m i x t u r e   was  h e a t e d   to   4 5 0 ° C .   When  t h i s  

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

was  i n c r e a s e d   t o   1 8 , 0 0 0   kN/m2  and  h e l d   t h e r e   f o r   1  h o u r .  

T h e - a u t o c l a v e   c o n t e n t s   w e r e   t h e n   c o o l e d   to   2 5 0 ° C   and  m o s t  

of  t h e   gas   v e n t e d   t h r o u g h   a  c o l d   t r a p   and  a s s a y e d .   T h e  

s l u r r y   was  r e c y c l e d   to   t h e   low  p r e s s u r e   a u t o c l a v e   w h e r e  

100  g  of  c o a l   was  a g a i n   a d d e d   and  t h e   a b o v e   s t e p s  

r e p e a t e d .   A f t e r   t h e   3 rd   c y c l e   1 5 0 - 2 0 0   g  of  s l u r r y  

w e r e   b l e d   f r o m   t h e   s y s t e m   and  a f t e r   t h e   5 t h   c y c l e   a l l  

t h e   s l u r r y   was  d i s c h a r g e d .   T h i s   was  a c c o m p l i s h e d   b y  

c o l l e c t i n g   t h e   h o t   s l u r r y   ( 2 5 0 ° C )   in   a  l e t - d o w n   v e s s e l  

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

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

to   fo rm  a  low  v i s c o s i t y   s l u r r y   w h i c h   was  t h e n   f i l t e r e d  

t h r o u g h   a  s t e a m   j a c k e t e d   B u c h n e r   f i l t e r .   The  s o l i d s  

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

and  o r g a n i c   c o n t e n t .   The  b e n z e n e   in  t h e   f i l t r a t e  

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

p r o d u c e d   a s s a y e d   f o r   C,  H,  N,  0,  S  a n d   a s p h a l t e n e .  

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

c a l c u l a t e d .   The  r e s u l t s   a r e   s e t   o u t   in  t h e   T a b l e  

b e l o w .  





The  a s p h a l t e n e   c o n t e n t   of  t h e   c o a l   l i q u i d  

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

f i n a l   v a l u e   b e i n g   s u b s t a n t i a l l y   t h e   s t e a d y   s t a t e  

v a l u e   f o r   t h e   c a t a l y s e d   t e s t s   In  t h e  

a b s e n c e   of   c a t a l y s t   ( T e s t   N o .  1 )   t h e   a s p h a l t e n e   w o u l d  

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

h a n d l e d .  

The  r e s u l t s   in   t h e   T a b l e   show  t h a t   t h e  

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

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

(88%)  and  t h e   l o w e s t   p r o d u c t i o n   of  c o k e .  



1.  A  p r o c e s s   in   w h i c h   c o a l   o r   a  s u b s t a n c e  

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

a  c a t a l y s t ,   c h a r a c t e r i s e d   in   t h a t   t h e   c a t a l y s t   i s  

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

r e a c t i o n   m i x t u r e .  

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,  c h a r a c t e r i -  

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

t e m p e r a t u r e   of   f r o m   400  t o   450°C   u n d e r   a  h y d r o g e n   p a r t i a l  

p r e s s u r e   of   f r o m   3 , 5 0 0   to   3 5 , 0 0 0   k N / m 2 .  

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

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

d i s t i l l e d   and   t h e   c a t a l y s t - c o n t a i n i n g   d i s t i l l a t i o n  

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

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

4.  A  c o n t i n u o u s   p r o c e s s   a c c o r d i n g   to   c l a i m   3 ,  

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

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

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

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

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

t o   m a i n t a i n   i t s   c a t a l y s t   c o n t e n t .  
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