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©  Novel  fuel  compositions. 
Novel  fuel  compositions  comprising:  (A)  a  solid  and/or 

semi-solid  material  formed  by  a  process  for  upgrading  coal 
which  comprises  the  steps  of:  (1)  subjecting  a  slurry  com- 
posed  of  coal  and  a  solvent  containing  donatable  hydrogen, 
together with  hydrogen,  to  catalyst-free  hydrogenation  condi- 
tions  in  a  first  hydrogenation  zone  to  form  an  intermediate 
coal-solvent  slurry;  (2)  deashing  said  intermediate  coal- 
solvent  slurry  to  form  a  coal-solvent  solution;  (3)  subjecting 
said  coal-solvent  solution  to  catalytic  hydrogenation  condi- 
tions  in  a  second  hydrogenation  zone  to  obtain  a  product  that 
can  be  separated  at  ambient  pressure  into  (a)  a  first  liquid 
fraction  boiling  at  a  temperature  in  the  range  of  about  100  to 
375°C,  (b)  a  second  liquid  fraction  boiling  above  said  first 
liquid  fraction  at  a  temperature  in  the  range  of  about  200  to 
about 525°C  and  (c)  said  solid  and  orsemi-solid  material;  and 
then  (4)  recycling  at  least  a  portion  of  said  second  liquid 
fraction  to  said  first  hydrogenation  zone;  and  (B)  a  light- 
boiling  hydrocarbon  stock  boiling  at  a  temperature  in  the 
range  of  about  100  to  375°C  at  ambient  pressure;  wherein  the 
weight  ratio  of  said  solid  and/or  semi-solid  material  to  said 
light-boiling  hydrocarbon  stock  is  about  20:1  to  about  1.5:1. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  the  I n v e n t i o n  

A  s o l v e n t   r e f i n e d   coal   p r o d u c t   is  a  s o l i d   a n d / o r   s e m i -  

s o l i d   m a t e r i a l   t h a t   canno t   be  c o n v e r t e d   r e a d i l y   to  a  fue l   of  l o w e r  

v i s c o s i t y   (ca  220  S a y b o l t   Furo l   Seconds  at  99°C)  u n l e s s   i t   i s  

b l e n d e d   with  a  l a r g e   amount  of  l i g h t - b o i l i n g   h y d r o c a r b o n   s tock   o r  

s u b j e c t e d   to  h y d r o g e n a t i o n .   The  l a t t e r   has  t h e  



d i s a d v a n t a g e   of  r e q u i r i n g   l a r g e   amounts  of  h y d r o g e n .   Both  t h e s e  

a l t e r n a t i v e s   a re   c o s t l y .  

The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  nove l   f u e l   c o m p o s i -  

t i o n s   c o m p r i s i n g :   (A)  a  s o l i d   a n d / o r   s e m i - s o l i d   m a t e r i a l   f o r m e d  

by  a  p r o c e s s   for   u p g r a d i n g   coa l   which  c o m p r i s e s   the  s t e p s   o f :  

(1)  s u b j e c t i n g   a  s l u r r y   composed  of  coa l   and  a  s o l v e n t   c o n t a i n i n g  

d o n a t a b l e   h y d r o g e n ,   t o g e t h e r   wi th   hydrogen ,   to  c a t a l y s t - f r e e  

h y d r o g e n a t i o n   c o n d i t i o n s   in  a  f i r s t   h y d r o g e n a t i o n  z o n e   to  form  a n  

i n t e r m e d i a t e   c o a l - s o l v e n t   s l u r r y ;   (2)  d e a s h i n g   s a id   i n t e r m e d i a t e  

c o a l - s o l v e n t   s l u r r y   t o  f o r m   a  c o a l - s o l v e n t   s o l u t i o n ;   (3)  s u b j e c t -  

ing  sa id   c o a l - s o l v e n t   s o l u t i o n   to  c a t a l y t i c   h y d r o g e n a t i o n   c o n d i -  

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

be  s e p a r a t e d   at   amb ien t   p r e s s u r e   i n t o   (a)  a  f i r s t   l i q u i d   f r a c t i o n  

b o i l i n g   at   a  t e m p e r a t u r e   in  the  r ange   of  about   100  to  abou t   3 7 5 ° C ,  

(b)  a  second  l i q u i d   f r a c t i o n   b o i l i n g   above  s a id   f i r s t   l i q u i d  

f r a c t i o n   at   a  t e m p e r a t u r e   in  the  range  of  about   200  to  abou t   525°C 

and  (c)  s a id   s o l i d   a n d / o r   s e m i - s o l i d   m a t e r i a l ;   and  then   (4)  r e -  

c y c l i n g   a t   l e a s t   a  p o r t i o n   of  s a id   second  l i q u i d   f r a c t i o n   to  s a i d  

f i r s t   h y d r o g e n a t i o n   zone;   and  (B)  a  l i g h t - b o i l i n g   h y d r o c a r b o n  

s tock  b o i l i n g   a t   a  t e m p e r a t u r e   in  the  range  of  about   100  to  a b o u t  

375°C  at  a m b i e n t   p r e s s u r e ;   w h e r e i n . t h e   we igh t   r a t i o   of  s a i d   s o l i d  

and /o r   s e m i - s o l i d   m a t e r i a l   to  s a id   l i g h t - b o i l i n g   h y d r o c a r b o n  

s tock   is  abou t   20:1  to  abou t   1 . 5 : 1 .  

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

A p p l i c a n t   is  unaware  of  any  p r i o r   a r t   r e l e v a n t   to  t h e  

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

SUMMARY  OF  THE  INVENTION 

We  have  d i s c o v e r e d   nove l   fue l   c o m p o s i t i o n s   c o m p r i s i n g :  

(A)  a  s o l i d   a n d / o r   s e m i - s o l i d   m a t e r i a l   formed  by  a  p r o c e s s   f o r  

upg rad ing   coa l   which  c o m p r i s e s   the  s t e p s   of:  (1)  s u b j e c t i n g   a  



s l u r r y   composed  of  coal   and  a  s o l v e n t   c o n t a i n i n g   d o n a t a b l e   h y d r o -  

gen,  t o g e t h e r   with  hydrogen ,   to  c a t a l y s t - f r e e   h y d r o g e n a t i o n  

c o n d i t i o n s   in  a  f i r s t   h y d r o g e n a t i o n   zone  to  form  an  i n t e r m e d i a t e  

c o a l - s o l v e n t   s l u r r y ;   (2)  d e a s h i n g   sa id   i n t e r m e d i a t e   c o a l - s o l v e n t  

s l u r r y   to  form  a  c o a l - s o l v e n t   s o l u t i o n ;   (3)  s u b j e c t i n g   sa id   c o a l -  

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

h y d r o g e n a t i o n   zone  to  o b t a i n   a  p r o d u c t   t h a t   can  be  s e p a r a t e d   a t  

ambien t   p r e s s u r e   i n to   (a)  a  f i r s t   l i q u i d   f r a c t i o n   b o i l i n g   at  a  

t e m p e r a t u r e   in  the  range  of  about   100  to  about   375°C,  (b)  a  s e c -  

ond  l i q u i d   f r a c t i o n   b o i l i n g   above  sa id   f i r s t   l i q u i d   f r a c t i o n   at  a  

t e m p e r a t u r e   in  the  range  of  about   200  to  about   525°C  and  (c)  s a i d  

s o l i d   a n d / o r   s e m i - s o l i d   m a t e r i a l ;   and  then  (4)  r e c y c l i n g   at  l e a s t  

a  p o r t i o n   of  sa id   second  l i q u i d   f r a c t i o n   to  sa id   f i r s t   h y d r o g e n a -  

t i o n   zone;  and  (B)  a  l i g h t - b o i l i n g   h y d r o c a r b o n   s tock   b o i l i n g   at  a 

t e m p e r a t u r e   in  the  range  of  abou t   100  to  about   375°C  at  a m b i e n t  

p r e s s u r e ;   where in   the  we igh t   r a t i o   of  sa id   s o l i d   a n d / o r   s e m i -  

s o l i d   m a t e r i a l   to  sa id   l i g h t - b o i l i n g   h y d r o c a r b o n   s tock   is  a b o u t  

20:1  to  about   1 . 5 : 1 .  

The  s o l i d   a n d / o r   s e m i - s o l i d   component  of  the  novel   f u e l  

c o m p o s i t i o n s   c la imed  h e r e i n   is  formed  by  a  p r o c e s s   d e s c r i b e d   i n  

our  copend ing   a p p l i c a t i o n   e n t i t l e d   "Improved  S o l v e n t   Ref ined   C o a l  

P r o c e s s "   (Case  A),  S e r i a l   No.  8 6 5 . 6 0 5   ,  f i l e d   c o n c u r r e n t l y  

h e r e w i t h .   In  g e n e r a l ,   as  d e f i n e d   in  sa id   a p p l i c a t i o n ,   a  s l u r r y  

composed  of  coal   and  a  s o l v e n t   c o n t a i n i n g   d o n a t a b l e   h y d r o g e n ,  

t o g e t h e r   with  hydrogen ,   is  s u b j e c t e d   to  c a t a l y s t - f r e e   h y d r o g e n a -  

t i o n   c o n d i t i o n s   in  a  f i r s t   h y d r o g e n a t i o n   zone  under  the  c o n d i t i o n s  

se t   f o r t h   in  Table  1 .  



A f t e r   s u b j e c t i n g   the  s l u r r y   to  c a t a l y s t - f r e e   h y d r o g e n a -  

t i o n   c o n d i t i o n s ,   an  i n t e r m e d i a t e   c o a l - s o l v e n t   s l u r r y   is  o b t a i n e d .  

Ash  a n d / o r   o t h e r   i n s o l u b l e   m a t e r i a l   is  s e p a r a t e d   from  the  i n t e r -  

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

o b t a i n e d .   The  c o a l - s o l v e n t   s o l u t i o n   formed  as  the  r e s u l t   of  d e -  

a s h i n g   is  s u b j e c t e d   to  c a t a l y t i c   h y d r o g e n a t i o n   c o n d i t i o n s   in  a  

second  h y d r o g e n a t i o n   zone.   The  c a t a l y t i c   h y d r o g e n a t i o n   c o n d i t i o n s  

a r e   s e t   f o r t h   in  T a b l e  2 .  

Any  h y d r o g e n a t i o n   c a t a l y s t   s u i t a b l e   for   use  in  c o a l  

h y d r o g e n a t i o n   can  be  u s e d  h e r e i n ,   for   example ,   the  c a t a l y s t   d e -  

f i n e d   and  c l a i m e d   in  U.  S.  P a t e n t   No.  3 , 8 4 0 , 4 2 3 .   The  p r e f e r r e d  



c a t a l y s t   is  compr i sed   of  a  h y d r o g e n a t i o n   component   s e l e c t e d   f rom 

the  group  c o n s i s t i n g   of  Group  VI  and  Group  VIII   m e t a l s ,   t h e i r  

o x i d e s   and  s u l f i d e s ,   s u p p o r t e d   on  a  n o n - z e o l i t i c   c a r r i e r ,   w h i c h  

c a t a l y s t   is  promoted  wi th   a  Group  IV-B  m e t a l .   I l l u s t r a t i v e   o f  

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

meta l   c o m b i n a t i o n s   of  n i c k e l - t i t a n i u m - m o l y b d e n u m ,   n i c k e l - c o b a l t -  

molybdenum,  and  n i c k e l - t u n g s t e n   on  an  a lumina  c a r r i e r .  

C a t a l y t i c   h y d r o g e n a t i o n   p roduces   a  p r o d u c t   t h a t   can  b e  

s e p a r a t e d   by  any  c o n v e n t i o n a l   method  known  in  the  a r t ,   e s p e c i a l l y  

by  d i s t i l l a t i o n   at  ambien t   p r e s s u r e   i n to   (a)  a  f i r s t   l i q u i d   f r a c -  

t i o n   b o i l i n g   at  a  t e m p e r a t u r e   in  the  range  of  abou t   100  to  a b o u t  

375°C,  p r e f e r a b l y   about   150  to  about   325°C,  (b)  a  second  l i q u i d  

f r a c t i o n   b o i l i n g   above  sa id   f i r s t   l i q u i d   f r a c t i o n   at  a  t e m p e r a -  

t u r e   in  the  range  of  about   200  to  about   525°C,  p r e f e r a b l y   a b o u t  

250  to  about   475°C,  and  (c)  a  s o l i d   a n d / o r   s e m i - s o l i d   m a t e r i a l .  

An  e l e m e n t a l   a n a l y s i s   for  a  t y p i c a l   s o l i d   a n d / o r   s e m i - s o l i d  

m a t e r i a l   o b t a i n e d   by  the  p r o c e s s   d e s c r i b e d   in  s a id   c o p e n d i n g  

a p p l i c a t i o n   and  which  is  a  n e c e s s a r y   component  of  the  novel   f u e l  

c o m p o s i t i o n s   c la imed   h e r e i n   is  se t   f o r t h   in  Table   3 .  

The  s o l i d   a n d / o r   s e m i - s o l i d   m a t e r i a l   is  c apab l e   of  b e i n g  

b l e n d e d   wi th   a  l i g h t - b o i l i n g   h y d r o c a r b o n   s t ock   b o i l i n g   at  a  t e m -  

p e r a t u r e   in  the  range   of  about   100  to  about   375°C,  p r e f e r a b l y   a t  

about   150  to  about   325°C,  at  ambien t   p r e s s u r e .   A  t y p i c a l   e l e m e n -  

t a l   a n a l y s i s   for  a  l i g h t - b o i l i n g   h y d r o c a r b o n   s t o c k   is  se t   f o r t h  

in  Table   4 .  



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

t h a t   can  be  employed  in  the  i n v e n t i o n   c a n  i n c l u d e ,   f o r  e x a m p l e ,  

#2  f ue l   o i l ,   k e r o s e n e ,   j e t   f u e l ,   d i e s e l   f u e l ,   g a s o l i n e ,   l i g h t  

sha le   o i l   f r a c t i o n s  a n d   l i g h t   f r a c t i o n s   o b t a i n e d   from  coa l   h y d r o -  

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

s tock   is  d e s c r i b e d   in  s a id   c o p e n d i n g   a p p l i c a t i o n   and  in  t h e  

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

at  a  t e m p e r a t u r e   in  the  range   of  about   100  to  about   375°C,  

p r e f e r a b l y   about   150  to  about   375°C".  An  e l e m e n t a l   a n a l y s i s  

of  s a id   f i r s t   l i q u i d   f r a c t i o n   is  se t   f o r t h  i n   Table   5  h e r e i n .  

The  s o l i d  a n d / o r   s e m i - s o l i d   m a t e r i a l   is  mixed  or  b l e n d e d  

with  the  l i g h t - b o i l i n g   h y d r o c a r b o n   s t o c k   by  means  w e l l - k n o w n   i n  

the  a r t .   The  i n g r e d i e n t s   are   m i x e d  u n t i l   a  homogeneous  p r o d u c t  

is  o b t a i n e d .   The  we igh t   r a t i o   of  s a id   s o l i d   a n d / o r  s e m i - s o l i d  

m a t e r i a l   to  sa id   l i g h t - b o i l i n g   h y d r o c a r b o n   s t o c k   is  about   2 0 : 1  

to  about   1 . 5 : 1 ,   p r e f e r a b l y   abou t   10:1  to  about   2 : 1 .  



An  e l e m e n t a l   a n a l y s i s   of  sa id   h o m o g e n e o u s  p r o d u c t   is  set  f o r t h   i n  

Table   6 .  

The  p r o d u c t   o b t a i n e d   as  a  r e s u l t   of  the  i n v e n t i o n  

d e s c r i b e d   h e r e i n   is  u s e f u l   as  a  f ue l   for  power  g e n e r a t i o n   i n  

p l a c e   of  fue l   o i l   d e r i v e d   from  coal   and  p e t r o l e u m   s t o c k s .  

DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

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

to  the  e x p e r i m e n t a l   d a t a .  

Example  1 

An  a s h - c o n t a i n i n g   coal   from  the  P i t t s b u r g   and  Midway 

Coal  Company  C o l o n i a l   Mine  was  used  in  the  e x p e r i m e n t a l   w o r k .  

The  coal   had  the  f o l l o w i n g   a n a l y s i s :  

The  coal   was  d i s s o l v e d   in  a  s o l v e n t   s u b s t a n t i a l l y   as  de f i ned   i n  

Table  6  in  our  sa id   c o p e n d i r g   a p p l i c a t i o n ,   t o g e t h e r   with  h y d r o g e n ,  

under  c a t a l y s t - f r e e   h y d r o g e n a t i o n   c o n d i t i o n s   set   f o r th   in  Table  8 

in  a  f i r s t   h y d r o g e n a t i o n   zone  to  form  an  i n t e r m e d i a t e   c o a l -  

s o l v e n t   s l u r r y .  



Ash  a n d / o r   o t h e r   i n s o l u b l e s   were  s e p a r a t e d   from  the  c o a l -  

s o l v e n t   s l u r r y   by  f i l t r a t i o n   under   the  c o n d i t i o n s   se t   f o r t h   i n  

Table   9  to  form  a  c o a l - s o l v e n t   s o l u t i o n .   An  a n a l y s i s   of  the  c o a l -  

s o l v e n t   s o l u t i o n   is  s e t   f o r t h   in  Table   1 0 .  

The  c o a l - s o l v e n t   s o l u t i o n   was  s u b j e c t e d   to  c a t a l y t i c  

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

under  s p e c i f i c   r e a c t i o n   c o n d i t i o n s   se t   f o r t h   in  Tab le   11  to  f o r m  

a  p r o d u c t .  



The  p r o d u c t   was  s u b j e c t e d   to  s e p a r a t i o n   by  d i s t i l l a t i o n  

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

which  b o i l e d   b e t w e e n   abou t   191  to  abou t   288°C,  (b)  a  second  l i q u i d  

f r a c t i o n   t h a t   b o i l e d   b e t w e e n   abou t   288  to  abou t   396°C  and  (c)  a  

s o l i d   a n d / o r   s e m i - s o l i d   m a t e r i a l .   An  a n a l y s i s   of  each  of  t h e s e  

is  set   f o r t h   in  T a b l e   1 2 .  



The  s o l i d   a n d / o r   s e m i - s o l i d   m a t e r i a l   d e f i n e d   in  T a b l e   12 

was  b l e n d e d   w i t h   a  l i g h t - b o i l i n g   h y d r o c a r b o n   s t o c k   which  has  b e e n  

d e f i n e d   as  the  f i r s t   l i q u i d   f r a c t i o n   in  Table   12.  The  b l e n d s   h a d  

the  c h a r a c t e r i s t i c s   s e t   f o r t h   in  T a b l e  1 3 .  

Example  2 

T h i s  e x a m p l e   is  i d e n t i c a l   to  Example  1  e x c e p t   t h a t   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   c o n d i t i o n s   were  as  f o l l o w s :  

and  the  w e i g h t   r a t i o   of  s o l i d   a n d / o r  s e m i - s o l i d   m a t e r i a l   ( b o i l i n g  

above  454°C)  to  the  l i g h t - b o i l i n g   h y d r o c a r b o n   s t o c k   was  2 . 7 : 1 .   The 

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

Table   14 .  



Example  3 

This  example  is  i d e n t i c a l   to  Example  1  e x c e p t   t h a t   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   c o n d i t i o n s   were  as  f o l l o w s :  

The  s o l i d   a n d / o r   s e m i - s o l i d   m a t e r i a l   ( b o i l i n g   above  389°C)  was  

b l e n d e d   wi th   the  f i r s t   l i q u i d   f r a c t i o n .   The  b l e n d s   had  the  c h a r a c -  

t e r i s t i c s   se t   f o r t h   in  Table   1 5 .  



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

i n v e n t i o n ,   as  h e r e i n a b o v e   s e t   f o r t h ,   can  be  made  w i t h o u t   d e p a r t -  

ing  from  the  s p i r i t   and  scope  t h e r e o f ,   and,  t h e r e f o r e ,   only  s u c h  

l i m i t a t i o n s   should  be  imposed  as  are  i n d i c a t e d   in  the  a p p e n d e d  

c l a i m s .  



1.  Novel  fuel   c o m p o s i t i o n s   c o m p r i s i n g :  

(A)  a  s o l i d   and /o r   s e m i - s o l i d   m a t e r i a l   formed  by  

a  p r o c e s s   for  u p g r a d i n g   coal   which  c o m p r i s e s  

the  s t ep s   o f :  

(1)  s u b j e c t i n g   a  s l u r r y   composed  of  coal   a n d  

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

t o g e t h e r   wi th   hydrogen ,   to  c a t a l y s t - f r e e  

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

g e n a t i o n   zone  to  form  an  i n t e r m e d i a t e  

c o a l - s o l v e n t   s l u r r y ;  

(2)  dea sh ing   s a id   i n t e r m e d i a t e   c o a l - s o l v e n t  

s l u r r y   to  form  a  c o a l - s o l v e n t   s o l u t i o n ;  

(3)  s u b j e c t i n g   s a id   c o a l - s o l v e n t   s o l u t i o n   t o  

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

second  h y d r o g e n a t i o n   zone  to  o b t a i n   a 

p r o d u c t   t h a t   can  be  s e p a r a t e d   at  a m b i e n t  

p r e s s u r e   i n to   (a)  a  f i r s t   l i q u i d   f r a c t i o n  

b o i l i n g   at  a  t e m p e r a t u r e   in  the  range  o f  

about   100  to  about   375°C,  (b)  a  s e c o n d  

l i q u i d   f r a c t i o n   b o i l i n g   above  sa id   f i r s t  

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

range  of  about   200  to  about   525°C  and  

(c)  sa id   s o l i d   and /o r   s e m i - s o l i d   m a t e r i a l ;  

and  t h e n  

(4)  r e c y c l i n g   at  l e a s t   a  p o r t i o n   of  sa id   s e c o n d  

l i q u i d   f r a c t i o n   to  sa id   f i r s t   h y d r o g e n a t i o n  

zon3;  and  

(B)  a  l i g h t - b o i l i n g   h y d r o c a r b o n   s tock   b o i l i n g   at  a 

t e m p e r a t u r e   in  the  range  of  about   100  to  a b o u t  



375°C  at  ambien t   p r e s s u r e .  

2.  Novel  fuel   c o m p o s i t i o n   a c c o r d i n g   to  c la im  1  w h e r e i n  

a  w e i g h t   r a t i o   of  sa id   s o l i d   a n d / o r   s e m i - s o l i d   m a t e r i a l   to  s a i d  

l i g h t - b o i l i n g   h y d r o c a r b o n   s t ock   is  about   20:1  to  about   1 . 5 : 1 .  

3.  Novel  fue l   c o m p o s i t i o n s   a c c o r d i n g   to  c la im  1  w h e r e i n  

a  w e i g h t   r a t i o   of  sa id   s o l i d   a n d / o r   s e m i - s o l i d   m a t e r i a l   to  s a i d  

l i g h t - b o i l i n g   h y d r o c a r b o n   s t ock   is  about   10:1  to  about   2 : 1 .  

4.  Novel  fue l   c o m p o s i t i o n s   a c c o r d i n g   to  c l a im  1  w h e r e i n  

s a i d   f i r s t   l i q u i d   f r a c t i o n   b o i l s   at  a  t e m p e r a t u r e   in  the  range  o f  

abou t   150  to  about   325°C;  and  s a i d   second  f r a c t i o n   b o i l i n g   a b o v e  

sa id   f i r s t   l i q u i d   f r a c t i o n   b o i l s   at  a  t e m p e r a t u r e   in  the  range  o f  

abou t   250  to  about   475°C.  

5.  Novel  fue l   c o m p o s i t i o n s   a c c o r d i n g   to  c l a im  1  w h e r e i n  

s a i d   f i r s t   h y d r o g e n a t i o n   zone  has  a  t e m p e r a t u r e   r a n g i n g   from  a b o u t  

343  to  about   510°C;  a  p r e s s u r e   r a n g i n g   from  abou t   500  to  a b o u t  

5,000  p s i g ;   a  s o l v e n t / c o a l   we igh t   r a t i o   r a n g i n g   from  about   0 .5 /1   t o  

abou t   10/1;   a  h y d r o g e n / c o a l   feed  we igh t   r a t i o   r a n g i n g   from  a b o u t  '  

0 . 0 1 / 1   to  about   0 . 3 0 / 1 ;   a  hydrogen  gas  p u r i t y   r a n g i n g   from  a b o u t  

85  to  about   100  mole  p e r c e n t ;   and  a  r e s i d e n c e   time  of  about   0.1  t o  

abou t   5.0  h o u r s .  

6.  Novel  fue l   c o m p o s i t i o n s   a c c o r d i n g   to  c la im  1  w h e r e i n  

s a i d   f i r s t   h y d r o g e n a t i o n   zone  has  a  t e m p e r a t u r e   r a n g i n g   from  a b o u t  

399  to  about   482°C;  a  p r e s s u r e   r ang ing   from  about   1,000  to  a b o u t  

2 ,000  p s i g ;   a  s o l v e n t / c o a l   we igh t   r a t i o  r a n g i n g   from  about   1/1  t o  

abou t   4/1;  a  h y d r o g e n / c o a l   feed  we igh t   r a t i o   r a n g i n g   from  a b o u t  

0 . 0 5 / 1   to  about   0 . 0 1 / 1 ;   a  hydrogen  gas  p u r i t y   r a n g i n g   from  a b o u t  

95  to  about   97  mole  p e r c e n t ;   and  a  r e s i d e n c e   t ime  of  about   0.5  t o  

a b o u t   2.0  h o u r s .  

7.  Novel  fuel   c o m p o s i t i o n s   a c c o r d i n g   to  c la im  1  w h e r e i n  

s a i d   d e a s h i n g   is  by  f i l t r a t i o n .  



8.  Novel  fuel   c o m p o s i t i o n s  a c c o r d i n g   to  c la im  1  w h e r e i n  

sa id   second  h y d r o g e n a t i o n   zone  has  a  t e m p e r a t u r e   r a n g i n g   f rom 

about   260  to  about   538°C;  a  p r e s s u r e   r a n g i n g   from  about  500  t o  

about   10,000  p s ig ;   a  l i q u i d   h o u r l y   space  v e l o c i t y   of  about  0.3  t o  

about   10  volume  f eed /vo lume   c a t a l y s t / h r ;   and  a  hydrogen  flow  r a t e  

of  about   25  to  about  190  kmol  H2/m3  f e e d .  

9.  Novel  fuel   c o m p o s i t i o n s   a c c o r d i n g   to  c la im  1  w h e r e i n  

sa id   second  h y d r o g e n a t i o n   zone  has  a  t e m p e r a t u r e   r a n g i n g   from  a b o u t  

399  to  about  454°C;  a  p r e s s u r e   r a n g i n g   from  about   1,000  to  a b o u t  

4,000  p s i g ;   a  l i q u i d   hour ly   space  v e l o c i t y   of  about   1.0  to  a b o u t  

4  volume  f e e d / v o l u m e   c a t a l y s t / h r ;   and  a  hydrogen  flow  r a t e   o f  

about   60  to  about   90  kmol  H2m3  f e e d .  

10.  Novel  fue l   c o m p o s i t i o n s   a c c o r d i n g   to  c la im  1  w h e r e i n  

sa id   second  h y d r o g e n a t i o n   zone  c o n t a i n s   a  c a t a l y s t   compr i sed   of  a 

h y d r o g e n a t i o n   component  s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

Group  VI  and  VIII   m e t a l s ,   t h e i r   o x i d e s   and  s u l f i d e s ,   and  c o m b i n a -  

t i o n s   t h e r e o f ;   and  wherein  said  c a t a l y s t   is  s u p p o r t e d   on  a  n o n -  

z e o l i t e   c a r r i e r   and  promoted  with  a  Group  IV-B  m e t a l .  

11.  Novel  fue l   c o m p o s i t i o n s   a c c o r d i n g   to  c la im  1  w h e r e i n  

sa id   second  h y d r o g e n a t i o n   zone  c o n t a i n s   a  c a t a l y s t   compr i sed   o f  

n i c k e l - t i t a n i u m - m o l y b d e n w n   m e t a l s ,   o x i d e s   a n d / o r   s u l f i d e s   d i s p e r s e d  

on  a l u m i n a .  

12.  Novel  fuel   c o m p o s i t i o n s   a c c o r d i n g   to  c la im  1  w h e r e i n  

sa id   second  h y d r o g e n a t i o n   zone  c o n t a i n s   a  c a t a l y s t   compr i sed   o f  

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

on  a l u m i n a .  

13.  Novel  fuel   c o m p o s i t i o n s   a c c o r d i n g   to  c la im  1  w h e r e i n  

sa id   second  h y d r o g e n a t i o n   zone  c o n t a i n s   a  c a t a l y s t   compr ised   o f  

n i c k e l - t u n g s t e n   m e t a l s ,   ox ides   a n d / o r   s u l f i d e s   d i s p e r s e d   on  a l u m i n a .  



14.  Novel  fue l   c o m p o s i t i o n s   a c c o r d i n g   to  c l a im  1  w h e r e i n  

sa id   l i q u i d   p r o d u c t   is  s e p a r a t e d   by  d i s t i l l a t i o n .  

15.  Novel  fue l   c o m p o s i t i o n s   a c c o r d i n g   to  c la im  1  where in   a  

p o r t i o n   of  ash  o b t a i n e d   from  s a id   i n t e r m e d i a t e   coal   s o l v e n t   s l u r r y  

in  s tep   2  is  r e c y c l e d   to  s a i d   f i r s t   h y d r o g e n a t i o n   z o n e .  

16.  Novel  fue l   c o m p o s i t i o n s   a c c o r d i n g   to  c l a im  1  w h e r e i n  

sa id   l i g h t - b o i l i n g   h y d r o c a r b o n   s tock   b o i l s   at   a  t e m p e r a t u r e   in  a  

range  of  about  1 5 0  t o   about   325°C  at  a m b i e n t  p r e s s u r e .  

17.  Novel  fuel   c o m p o s i t i o n s   a c c o r d i n g   to  c la im  1  w h e r e i n  

sa id   l i g h t - b o i l i n g   h y d r o c a r b o n   s t ock   is  s e l e c t e d   from  the  g r o u p  

c o n s i s t i n g   of  #2  fue l   o i l ,   k e r o s e n e ,   j e t   f u e l ,   d i e s e l   f u e l ,  

heavy  g a s o l i n e ,   l i g h t   s h a l e   o i l   f r a c t i o n s   and  l i g h t   f r a c t i o n s  

o b t a i n e d   from  coal   h y d r o g e n a t i o n .  

18.  Novel  fue l   c o m p o s i t i o n s   a c c o r d i n g  t o   c la im  1  w h e r e i n  

s a id   l i g h t - b o i l i n g   h y d r o c a r b o n   s tock   is  a  f i r s t   l i q u i d  f r a c t i o n  

b o i l i n g   at  a  t e m p e r a t u r e   r a n g i n g   from  a b o u t  1 0 0   to  a b o u t  3 7 5 ° C .  

19.  Novel  fue l   c o m p o s i t i o n s   a c c o r d i n g  t o  c l a i m   1  w h e r e i n  

sa id   l i g h t - b o i l i n g   h y d r o c a r b o n   s t ock   is  a  f i r s t   l i q u i d   f r a c t i o n  

b o i l i n g   at  a  t e m p e r a t u r e   r a n g i n g   from  about   150  to  about   375°C .  
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