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54)  Fuel  composition  and  method  of  manufacture. 

©  Coal  char  (20)  is  produced  by  the  pyrolytic  destructive 
thermal  distillation  of  coal  in  the  absence  of  oxygen  in 
distillation  means  (18).  The  char  (20)  so  produced  is  ground 
in  grinding  means  (22)  to  provide  a  ground  char  (24).  The 
ground  char  (24)  is  beneficiated  in  beneficiation  means  (26), 
and  is  then  sized  in  sizing  means  (30)  to  produce  a  char  mix 
(32).  The  char  mix  (32)  is  then  admixed  in  suitable  portions 
with  a  liquid  organic  fraction  to  form  a  combustible, 
liquid-solid  mixture  which  is  a  stable,  transportable,  fuel 
composition.  Preferably,  the  liquid  organic  fraction  is 
obtained  from  the  low  boiling  fractions  derived  from  the 
pyrolysis  of  coal. 
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C o a l   char  (20)  is  produced  by  the  pyrolytic  destructive 
thermal  distillation  of  coal  in  the  absence  of  oxygen  in 
distillation  means  (18).  The  char  (20)  so  produced  is  ground 
in  grinding  means  (22)  to  provide  a  ground  char  (24).  The 
ground  char  (24)  is  beneficiated  in  beneficiation  means  (26), 
and  is  then  sized  in  sizing  means  (30)  to  produce  a  char  mix 
(32).  The  char  mix  (32)  is  then  admixed  in  suitable  portions 
with  a  liquid  organic  fraction  to  form  a  combustible, 
liquid-solid  mixture  which  is  a  stable,  transportable,  fuel 
composition.  Preferably,  the  liquid  organic  fraction  is 
obtained  from  the  low  boiling  fractions  derived  from  the 
pyrolysis  of  coal. 





T h i s   i n v e n t i o n   r e l a t e s   to  a  f u e l   c o m p o s i t i o n   and  to   a  

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

may  have   s p e c i f i c   a p p l i c a t i o n   in  m a k i n g   c a r b o n a c e o u s   f u e l  

s u p p l i e s ,   such   as  c o a l ,   w h i c h   a r e   l o c a t e d   in  r e m o t e   a r e a s  

a v a i l a b l e   to  p o p u l o u s   a r e a s .   More  p a r t i c u l a r l y ,   t h i s  

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

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

Over   200  b i l l i o n   t o n s   of  e c o n o m i c a l l y   r e c o v e r a b l e   c o a l  

e x i s t s   in  t he   U n i t e d   S t a t e s   of  A m e r i c a .   T h i s   r e p r e s e n t s  

e n o u g h   to   l a s t   t he   U n i t e d   S t a t e s   f o r   a t   l e a s t   t h r e e   c e n t u -  

r i e s   a t   t he   c u r r e n t   c o n s u m p t i o n   r a t e .   I t   ha s   b e e n  e s t i -  

m a t e d   t h a t   c o a l   c o u l d   p r o v i d e   as  much  as  o n e - h a l f  o f   t h e  

new  e n e r g y   s o u r c e s   r e q u i r e d   b e t w e e n   now  a n d  t h e  y e a r   2 0 0 0 .  

Even  t h o u g h   c o a l   r e p r e s e n t s   60%  of  t he   d o m e s t i c   f o s s i l  

e n e r g y   r e s o u r c e s   of   t he   U n i t e d   S t a t e s ,   i t   c u r r e n t l y   s u p -  

p l i e s   l e s s  t h a n   20%  of  t h e   e n e r g y   p r o d u c t i o n .   A  number   o f  

f a c t o r s   have   c o m b i n e d   to  c r e a t e   t h i s   d i s p a r i t y .   Even  w i t h  

t h e   a b u n d a n c e   of  c o a l   e n e r g y   i t   has   no t   h e r e t o f o r e   b e e n  

c o m p e t i t i v e   w i t h ,   nor   as  e a s i l y   u t i l i z e d   a s ,   h y d r o c a r b o n  

c o n t a i n i n g   f u e l s   such   as  o i l ,   n a t u r a l   gas   and  t he   l i k e .  



One  i m p o r t a n t   use   of   U n i t e d   S t a t e s   c o a l   r e s o u r c e   i s  

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

p r o d u c i n g   e l e c t r i c i t y   or   p r o c e s s   h e a t   w h i c h   do  no t   r e q u i r e  

t h e   s c a r c e   l i q u i d   and  g a s e o u s   h y d r o c a r b o n   f u e l s .   S t a -  

t i o n a r y   p o w e r   c o n v e r s i o n   f a c i l i t i e s   can  o p e r a t e   u s i n g   c o a l  

l e a v i n g   t h e   l i q u i d   and  g a s e o u s   h y d r o c a r b o n   f u e l s   to   t r a n s -  

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

c o a l   in  s t a t i o n a r y   power   f a c i l i t i e s   r e q u i r e s   e i t h e r   t r a n s -  

p o r t a t i o n   of   t he   s o l i d   f u e l   to  t he   p o w e r   f a c i l i t y   or   u t i l i -  

z a t i o n   of   t h e   s o l i d   f u e l   a t   t h e   mine  s i t e .   U t i l i z a t i o n   a t  

t he   mine   s i t e   to  p r o d u c e   e l e c t r i c i t y   i s   n o t   a l w a y s   e f f i -  

c i e n t   due   to   t r a n s m i s s i o n   a n d / o r   c o n v e r s i o n   l o s s e s .   P r o -  

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

r e q u i r e s   t r a n s p o r t a t i o n   of  t he   c o a l .   Coa l   i s   c u r r e n t l y  

s h i p p e d   by  r a i l   in  u n i t   t r a i n s .   Howeve r   t h e   r e q u i r e d  

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

c u r r e n t   U . S .   r a i l   c a p a c i t y   i s   i n a d e q u a t e   to  move  t h e  

t o n n a g e   r e q u i r e d   to  s u p p l a n t   e x i s t i n g   use   of   more   c o s t l y  

and  s c a r c e   l i q u i d   f u e l s .  

A  f u r t h e r   a t t e n d a n t   p r o b l e m   w i t h   t h e   use   of   s o l i d  

f u e l s   g e n e r a l l y ,   and  c o a l   s p e c i f i c a l l y ,   i s   t h a t   no t   a l l  

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

e x a m p l e   w e s t e r n   U.S .   c o a l ,   w h i l e   b e i n g   low  in  s u l f u r ,   i s  

a l s o   low  in  BTU  p e r   u n i t   w e i g h t   and  has   a  h i g h   w a t e r   c o n -  

t e n t .   E a s t e r n   U.S .   c o a l   on  t he   o t h e r   hand   haa   a  h i g h e r  

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

Each   r e q u i r e s   s p e c i f i c   p o l l u t i o n   c o n t r o l   e q u i p m e n t   and  a  

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

a  f u e l   as  i s ,   f o r   e x a m p l e ,   #6  f u e l   o i l   or  t h e   l i k e .  

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

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

or   i m p o s s i b l e   to  r e m o v e .   The  n a t u r e   and  a m o u n t   of  t h e s e  

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



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

o b j e c t i o n a b l e   of  t h e s e   p o l l u t a n t s .  

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

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

a t   t h e   mine   s i t e .   W h i l e   t h i s   " s y n f u e l "   i s   more   e a s i l y  

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

i n t e n s i v e   and  r e q u i r e s   a  g r e a t   d e a l   of  w a t e r .   D e s p i t e   t h e  

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

o i l   d e r i v e d   f u e l s ,   i s   v a l u a b l e   as  a  t r a n s p o r t a t i o n   f u e l .  

In  a d d i t i o n   to  b e i n g   u s e f u l   as  t r a n s p o r t a t i o n   f u e l s ,  

h y d r o c a r b o n   c o n t a i n i n g   f u e l s ,   i n c l u d i n g   s y n f u e l s ,   a r e  
l i k e w i s e   v a l u a b l e   as  f e e d s t o c k   f o r   t he   m a n u f a c t u r e   o f  

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

e l a s t o m e r s ,   r e s i n s ,   p o l y m e r s   and  t h e   l i k e .   I t   w o u l d  

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

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

s u p p l y   and  s y n f u e l s   f o r   t r a n s p o r t a t i o n   as  w e l l   as  f e e d -  

s t o c k   p u r p o s e s .   I 

In  o r d e r   to  move  c o a l   o v e r   l o n g   d i s t a n c e s ,   m e t h o d s  

have   been   p r o p o s e d   f o r   c r e a t i n g   s o - c a l l e d   " c o a l   s l u r r i e s "  

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

a d m i x e d   w i t h   w a t e r ,   and  w h i c h   may  c o n t a i n   v a r i o u s   a d d i -  

t i v e s   t o ,   f o r   e x a m p l e ,   i n c r e a s e   t h e   w e t a b i l i t y   of   t h e  

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

by  p i p e l i n e ,   r e q u i r e s   s p e c i a l   p i p e l i n e s   and  p u m p i n g  

e q u i p m e n t .   A q u e o u s   c o a l   s l u r r i e s   have   a d d i t i o n a l   d r a w -  

b a c k s .   F i r s t   t he   w a t e r   w h i c h   i s   n e c e s s a r y   to   s l u r r y   t h e  

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

w e s t e r n   U.S .   c o a l   r e s e r v e .   S e c o n d ,   w a t e r   mus t   be  r e m o v e d  

f rom  t h e   s l u r r y   p r i o r   to  i n t r o d u c t i o n   of  t he   f u e l   i n t o   a  
f u r n a c e   or   b o i l e r .  



N o n - a q u e o u s   or  h y d r o c a r b o n   c o n t a i n i n g   l i q u i d   can   a l s o  

be  u s e d   as  t he   t r a n s m i s s i o n   medium  to  f o r m   a  s l u r r y   o f  

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

p r o b l e m s .   N o n - a q u e o u s   c o a l   s l u r r i e s   a l s o   r e q u i r e   s p e c i a l  

p i p e l i n e s   and  p u m p i n g   e q u i p m e n t .   S i n c e   c o a l   i s   s t i l l   t h e  

ma in   f u e l   c o n s t i t u e n t   i n   s u c h   s l u r r i e s ,   f u r n a c e   and  s t a c k  

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

d i f f e r e n t   r e g i o n s .   N o n - a q u e o u s   f r a c t i o n s ,   u n l i k e   a q u e o u s  

s o l u t i o n s ,   t e n d   to  s o l u b i l i z e   c o n s t i t u e n t s   as  w e l l   a s  

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

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

s y n t h e s e s .   A d d i t i o n a l l y ,   b u r n i n g   of   t he   s l u r r y   m i x t u r e  

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

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

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

p r o d u c i n g   coke  s l u r r y   by  a d d i n g   coke   w h i c h   has   b e e n   f o r m e d  

by  c o n v e n t i o n a l   s p e c i a l i z e d   coke  p r o d u c t i o n   t e c h n i q u e s ,   t o  

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

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

fo rm  a  r e a d i l y   t r a n s p o r t a b l e   s l u r r y   w h i c h   can  be  e f f e c -  

t i v e l y   c o n v e y e d   i n   c o n v e n t i o n a l   p i p e l i n e   s y s t e m s .   C o k e ,  

b e i n g   an  a g g l o m e r a t e d   p r o d u c t ,   t e n d s   to  s e t t l e   o u t .   C o k e  

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

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

Thus   i t   w o u l d   be  h i g h l y   a d v a n t a g e o u s   to  have   a  f u e l  

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

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

b u r n a b l e   i n   s u b s t a n t i a l l y   a l l   e x i s t i n g   b o i l e r   s y s t e m s  



w i t h   l i t t l e   or  no  m o d i f i c a t i o n   r e g a r d l e s s   of  t h e   r e g i o n  

f rom  w h i c h   t he   s o l i d   f u e l   was  o b t a i n e d ;   w h i c h   wou ld   b e  

h i g h   in  BTU  c o n t e n t   p e r   u n i t   v o l u m e ;   and  w h i c h   wou ld   b e  

low  in  a s h ,   s u l f u r   and  n i t r o g e n   p o l l u t a n t s .  

A c c o r d i n g   to   one   a s p e c t   of  t h i s   i n v e n t i o n   t h e r e   i s  

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

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

m a t e r i a l   d i s p e r s e d   in  an  amoun t   of  a  l i q u i d   o r g a n i c  

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

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

The  i n v e n t i o n   f u r t h e r   e x t e n d s   to  a  m e t h o d   of  p r o d u c -  

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

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

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

In  one  e m b o d i m e n t   of  t he   i n v e n t i o n   t h e   c o a l   c h a r  

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

of   a  c a r b o n a c e o u s   m a t e r i a l   in  the   a b s e n c e   of  o x y g e n ,   a n d  

t h e   l i q u i d   o r g a n i c   m a t e r i a l   may  be  d e r i v e d   e n t i r e l y   or  a t  

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

In  an  a l t e r n a t i v e   e m b o d i m e n t   of  t h e   i n v e n t i o n ,   t h e  

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

f rom  1  to   a b o u t   4  c a r b o n   a t o m s .  

I t   has   been   d i s c o v e r e d   t h a t   such   an  a d m i x t u r e   of  a  

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

a  t r a n s p o r t a b l e   f u e l   c o m p o s i t i o n   w h i c h   has   h i g h   BTU  p e r  

u n i t   v o l u m e ,   i s   low  in  p o l l u t a n t s ,   and  can  be  a  g e n e r a l l y  

u n i v e r s a l   f u e l   f o r   m o s t   b o i l e r s   w i t h   l i t t l e   or  no  m o d i f i -  

c a t i o n .  



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

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

t h a t   i t   can   be  t r a n s p o r t e d   by  c e r t a i n   e x i s t i n g   p i p e l i n e  
f a c i l i t i e s .  

The  l i q u i d   o r g a n i c   f r a c t i o n   w h i c h   a c t s   as  a  c o n t i n u o u s  

p h a s e   in  t h e   a d m i x t u r e   d o e s   no t   c o n t a i n   t he   i m p u r i t i e s   o f  

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

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

use   as  a  f e e d s t o c k   f o r   s y n t h e s i s   of  c h e m i c a l   c o m p o u n d s .  

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

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

c h a r   and  t h e   l i q u i d   o r g a n i c   f r a c t i o n   a r e   b e n e f i c i a t e d .   T h e  

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

by  s u b j e c t i n g   c o a l   to   p y r o l y t i c   d e s t r u c t i v e   d i s t i l l a t i o n   i n  

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

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

f r a c t i o n   to   p r o d u c e   a  l i q u i d / s o l i d   f l u i d i c   m i x t u r e .  

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

c o m b u s t i b l e   l i q u i d - s o l i d   m i x t u r e   i s   p r o d u c e d   by  f i r s t   s u b -  

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

in  t h e   a b s e n c e   of   o x y g e n   to  p r o d u c e   a  c o a l   c h a r .   The  c h a r  

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

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

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

The  l o w e r   b o i l i n g   o r g a n i c   f r a c t i o n   o b t a i n e d   f rom  t he   p y r o l y -  

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

c h a r   in  p r o p o r t i o n s   so  as  to  form  t he   f l u i d i c ,   s o l i d - l i q u i d ,  

c o m b u s t i b l e   f u e l   m i x t u r e .   A d v a n t a g e o u s l y ,   t he   l o w e r   b o i l i n g  

o r g a n i c   f r a c t i o n   u s e d   does   no t   c o n t a i n   s u l f u r   or  n i t r o g e n  

p o l l u t a n t s .  



In  a c c o r d a n c e   w i t h   a n o t h e r   e m b o d i m e n t ,   t he   b e n e f i -  

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

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

u t i l i z i n g   c o a l   and  w a t e r   or  n a t u r a l   g a s .  

The  u t i l i z a t i o n   of  c h a r   a l l o w s   a  h i g h   p a c k i n g   o f  

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

m i x t u r e .   Thus  no t   o n l y   d o e s   one  o b t a i n   t he   a f o r e m e n t i o n e d  

a d v a n t a g e s   bu t   t h e   e n e r g y   r e q u i r e m e n t   n e c e s s a r y   to  pump  a  

s i n g l e   BTU  of  f u e l   e n e r g y   i s   s i g n i f i c a n t l y   r e d u c e d .  

In  a  f u r t h e r   a d v a n t a g e o u s   e m b o d i m e n t   t he   g r o u n d ,  

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

b u t i o n   wh ich   is   b i - m o d a l   or  t r i - m o d a l :   The  use  of  a  

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

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

A  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n   i s   now 

d e s c r i b e d   by  way  of  e x a m p l e   w i t h   r e f e r e n c e   to  the   a c c o m -  

p a n y i n g   d r a w i n g .   The  d r a w i n g   is   a  f l o w   d i a g r a m   of  o n e  

e m b o d i m e n t   of  t h e   p r o c e s s   of  t he   i n s t a n t   i n v e n t i o n .  

The  d r a w i n g   shows   a  s c h e m a t i c   of  p r o c e s s   s t e p s   f o r  

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

i n v e n t i o n   w h e r e i n   raw  c o a l   12  f rom  a  c o a l   mine   10  i s  

c o n v e y e d   c o n t i n u o u s l y   to   a  c r u s h e r   means   14.  W i t h i n  

c r u s h e r   means   14  t h e   raw  c o a l   12  is   f r a g m e n t e d   to  p a r t i -  
(12 to 6 mm) 

c l e s   in  t he   r a n g e   of  1 /2"   to   1 / 4 " L i n   d i a m e t e r   to  p r o d u c e   a  

c r u s h e d   c o a l   p r o d u c t   16.  The  c r u s h e d   c o a l   16  is  c o n v e y e d  

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

18  wh ich   p r e f e r a b l y   c o n t a i n s   a  p r e h e a t i n g   c h a m b e r   t o  

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

d e s t r u c t i v e   d i s t i l l a t i o n   means   18  p r o v i d e s   f o r   t h e r m a l  

d e s t r u c t i v e   d i s t i l l a t i o n   of  t he   c o a l   in  the   a b s e n c e   o f  

o x y g e n   to  p r o d u c e   a  c h a r   p o r t i o n   20  and  a  l i q u i d   o r g a n i c  



f r a c t i o n   34.   The  c h a r   p o r t i o n   20  i s   c o n t i n o u s l y   c o n v e y e d  

to  a  g r i n d i n g   means   22.  W i t h i n   t h e   g r i n d i n g   means   22  t h e  

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

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

s h a p e .   The  g r o u n d   c h a r   24  i s   c o n v e y e d   to   a  b e n e f i c i a t i o n  

means   26.  W i t h i n   t h e   b e n e f i c i a t i o n   means   26  t he   g r o u n d  

c h a r   24  i s   b e n e f i c i a t e d   by  r e m o v a l   of  u n d e s i r a b l e   c o n s t i -  

t u e n t s   and  p o l l u t a n t s   s u c h   as  s u l f u r   and  a sh .   The  o p e n  

p o r e   s t r u c t u r e   of  t h e   c h a r   f a c i l i t a t e s   t h i s   p r o c e s s .   T h e  

b e n e f i c i a t e d   c h a r   28  i s   c o n v e y e d   to   a  p a r t i c u l a t e   s i z i n g  

means   30.  W i t h i n   t h e   s i z i n g   m e a n s   30  t h e   p a r t i c u l a t e   i s  

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

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

32  i s   c o n t i n o u s l y   c o n v e y e d   to   a  m i x i n g   means   4 2 .  

The  l i q u i d   o r g a n i c   f r a c t i o n   34  i s   c o n v e y e d   f rom  t h e  

p y r o l y t i c   d e s t r u c t i v e   d i s t i l l a t i o n   means   18  to  a  s e p a r a -  
t i o n   means   36  w h e r e   t he   h i g h e r   b o i l i n g   f r a c t i o n   38  c o n t a i n -  

ing  the   b u l k   of   t h e   n i t r o g e n   i s   s e p a r a t e d   f o r   e x a m p l e   b y  

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

f o r   use  d i r e c t l y   as  a  c h e m i c a l   r e a g e n t   and  f e e d s t o c k .  

W i t h i n   t h e   s e p a r a t i o n   m e a n s   36,   t h e   l o w e r   b o i l i n g   f r a c t i o n  

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

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

n i t r o g e n   o x i d e s ,   and  l i k e   p o l l u t a n t s .   The  l o w e r   b o i l i n g  

p o l l u t a n t   f r e e   f r a c t i o n   40  i s   c o n t i n u o u s l y   c o n v e y e d   to  t h e  

m i x i n g   m e a n s   42.   W i t h i n   t he   m i x i n g   means   42  the   c h a r  

m i x t u r e   32  and  t h e   l i q u i d   l o w e r   b o i l i n g   f r a c t i o n   40  a r e  

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

t r a n s p o r t a b l e   c h a r   c o n t a i n i n g   f u e l   c o m p o s i t i o n   44  of  t h e  

i n s t a n t   i n v e n t i o n   w h i c h   i s   p a s s e d   to  s t o r a g e   46  f o r  

d i s t r i b u t i o n   by  p i p e l i n e   or  t a n k e r   v e h i c l e   in  a  m a n n e r  

s i m i l a r   to  c r u d e   o i l .  



The  c o a l   t h a t   can  be  e m p l o y e d   in  a c c o r d a n c e   w i t h   t h e  

i n s t a n t   i n v e n t i o n   can  be  g e n e r a l l y   t e r m e d   " c o m b u s t i b l e  

c a r b o n a c e o u s   m a t e r i a l " .   I t   is   any  of  t he   c o m b u s t i b l e ,  

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

d e s t r u c t i v e   d i s t i l l a t i o n   to  form  c h a r .   Such  m a t e r i a l s  

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

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

t h e   l i k e .  

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

in  K i r k - O t h m e r   ENCYCLOPEDIA  OF  CHEMICAL  TECHNOLOGY,  s e c o n d  

e d i t i o n ,   A n t h o n y   S t a n d i n ,   e d i t o r ,   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 ,   1969 ,   v o l .   5,  pp .   6 0 6 - 6 7 6 .   The  c o a l   i s   m i n e d  

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

a p p r o p r i a t e   and  w e l l   known  in  t he   a r t .  

The  raw  c o a l   m a t e r i a l   12  i s   p r e f e r a b l y   s u b j e c t e d  

to  p r e l i m i n a r y   c r u s h i n g   to   r e d u c e   the   p a r t i c l e   s i z e .  

P a r t i c l e   s i z e s   of  f rom  1 / 2 " / t o   a b o u t   1/4" (6mm) in  l a t e r a l  

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

a b o u t   3 / 8 " / b e i n g   p r e f e r r e d .   The  need  f o r   s i z e   r e d u c t i o n  

and  t h e   s i z e   of  t he   r e d u c e d   m a t e r i a l   w i l l   d e p e n d   upon  t h e  

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

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

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

r o t a t i n g   cage   m i l l s ,   hammer  m i l l s   of  t he   l i k e .   T h i s   i s  

done   to  i m p a r t   an  i m p a c t   t y p e   s h o c k   to  t he   c o a l   to  s e p a -  

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

s o l u t i o n   c h a n n e l s   and  t h e   l i k e .   W i t h i n   t he   c r u s h e r   m e a n s  

14  t h e   c o a l   is   s i z e d   by,   f o r   e x a m p l e ,   r o u g h   s c r e e n i n g   a n d  

g a n g u e   m a t e r i a l   i s   r e m o v e d   to  a s s u r e   a  more  u n i f o r m  

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

and  the   l i k e   a r e   r e a d i l y   u t i l i z e d   and  can  be  s e p a r a t e d  

f rom  the   macro   c o a l   p a r t i c l e s   and  c o n v e y e d   d i r e c t l y   to   t h e  

p y r o l y t i c   d e s t r u c t i v e   d i s t i l l a t i o n   means   18.  The  m a c r o  



c o a l   p a r t i c l e s   a r e   p a s s e d   c o n t i n o u s l y   t h r o u g h   a  p r e h e a t e r  
w i t h i n   p y r o l y t i c   d e s t r u c t i v e   d i s t i l l a t i o n   means   18  w h i c h  

(65° to 104°C) 
i s   o p e r a t e d   a t   150°  to  2 2 0 ° F L i n   o r d e r   to  r emove   g a s e s   a n d  

m o i s t u r e .   T h i s   i s   a  w e l l   known  p r o c e s s   and  i s   of  v a l u e   i n  

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

is   i n c r e a s e d .   T h i s   p r e h e a t i n g   a l s o   r e m o v e s   c e r t a i n   e n -  

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

p y r o l y s i s   s t e p .  

The  p y r o l y t i c   d e s t r u c t i v e   d i s t i l l a t i o n   means   18  c a n  

be  any  p y r o l y s i s   a p p a r a t u s   w h i c h   i s   w e l l   known  in  t he   a r t .  

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

p r o c e s s .   As  t h e   c r u s h e d   c o a l   16  i s   h e a t e d   in  t he   a b s e n c e  

of  o x y g e n ,   t h e   e n t r a i n e d   m a t e r i a l s   a r e   v a p o r i z e d   a n d  

c o l l e c t e d .   Lower   b o i l i n g   o r g a n i c   f r a c t i o n s   i n c l u d i n g  

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

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

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

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

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

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

z i n e   and  t he   l i k e .  

The  c h a r   20  i s   c o n t i n u a l l y   c o n v e y e d   to   t he   g r i n d i n g  

means   22.  The  g r i n d i n g   m e a n s   22  r e d u c e s   t h e   c h a r   to  a  

s u i t a b l e   f i n e n e s s   to  f a c i l i t a t e   b e n e f i c i a t i o n   and  s u b s e -  

q u e n t   s i z i n g   f o r   use  in  t h e   f u e l   a d m i x t u r e .   Any  c o n v e n -  
t i o n a l   c r u s h i n g   and  g r i n d i n g   m e a n s ,   wet   or  d r y ,   may  b e  

e m p l o y e d .   T h i s   would   i n c l u d e   b a l l   g r i n d e r s ,   r o l l   g r i n d -  

e r s ,   rod   m i l l s ,   p e b b l e   m i l l s   and  the   l i k e .   A d v a n t a g e o u s l y ,  
t h e   p a r t i c l e s   a r e   s i z e d   w i t h i n   t he   g r i n d i n g   means   22  a n d  

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

The  c h a r   p a r t i c l e s   a r e   of  s u f f i c i e n t   f i n e n e s s   to  p a s s   a  

10  mesh  s c r e e n   and  t he   m a j o r i t y   of  t he   p a r t i c l e s   a r e   i n  

the   100  to   200  mesh  s i z e .   The  mesh  s i z e s   r e f e r   to  t h e  



T y l e r   S t a n d a r d   S c r e e n s .  T h e   c h a r   24  i s   c o n t i n u o u s l y   c o n -  

v e y e d   to  t he   b e n e f i c i a t i o n   means   2 6 .  

The  b e n e f i c i a t i o n   means   26  can  be  any  d e v i c e   k n o w n  

in  t he   a r t   u t i l i z e d   to  e x t r a c t   p o l l u t a n t s   and  o t h e r   u n d e -  

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

l a t e   c h a r   m a t e r i a l .   T h i s   can  be  done   f o r   e x a m p l e ,   b y  

w a s h i n g ,   j i g g i n g ,   e x t r a c t i o n ,   f l o t a t i o n ,   c h e m i c a l   r e a c t i o n ,  

a n d / o r   e l e c t r o b e a m   t e c h n i q u e s .   The  e x a c t   m e t h o d   e m p l o y e d  

w i l l   d e p e n d   l a r g e l y   on  the   c o a l   c o n s t i t u e n t   u t i l i z e d   i n  

f o r m i n g   the   c h a r ,   t h e   s i z e s   of  t he   c h a r   p a r t i c l e s   and  t h e  

c o n d i t i o n s   of   p y r o l y s i s .  

The  b e n e f i c i a t e d   c h a r   28  i s   s i z e d   in  p a r t i c u l a t e  

s i z i n g   means   30  w h i c h   can   be  any  a p p a r a t u s   known  in  t h e  

a r t   f o r   s e p a r a t i n g   p a r t i c l e s   o f  a   s i z e   in  t h e   o r d e r   of  100  

m i c r o n s .   E c o n o m i c a l l y ,   s c r e e n s   or   s i e v e s   a r e   u t i l i z e d ,  

h o w e v e r   c y c l o n e   s e p a r a t o r s   of  t he   l i k e   can  a l s o   be  e m p l o y e d .  

In  s i z i n g   s e l e c t i o n s   made  so  as  to  a s s u r e   c o m b u s t i o n ,   a  

s e c o n d   a n d / o r   t h i r d   p a r t i c l e   s i z e   i s   c h o s e n   to  e f f e c t   s o -  

c a l l e d   " m o d a l "   p a c k i n g .   The  s p h e r i o d   s h a p e   of  t he   p r i m a r y  

p a r t i c l e   p r o v i d e s   s p a c i n g   or  v o i d s   b e t w e e n   a d j a c e n t   p a r t i -  

c l e s   wh ich   can   be  f i l l e d   by  a  d i s t r i b u t i o n   of  s e c o n d   o r  

t h i r d   f i n e r   p a r t i c l e   s i z e s   to  p r o v i d e   b i - m o d a l   or  t r i - m o d a l  

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

s u b s t a n t i a l l y   more   f u e l   in  a  g i v e n   v o l u m e   of  f u e l   m i x t u r e  

w h i l e   s t i l l   r e t a i n i n g   good  f l u i d i t y .  

The  r e s u l t a n t   c h a r   mix  32  i s   c o n v e y e d   by  means   of  f o r  

e x a m p l e   an  a i r   c o n d u i t   to  t he   m i x i n g   means   42  whe re   i t   i s  

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

o r g a n i c   f r a c t i o n   4 0 .  

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

t h e   o r g a n i c   f r a c t i o n   34  e n t e r i n g   t he   s e p a r a t i o n   m e a n s  

36  is   c o n t i n u o u s l y   f r a c t i o n a l l y   d i s t i l l e d   or  o t h e r w i s e  



s e p a r a t e d   to  p r o v i d e   t he   l o w e r   b o i l i n g   p o l l u t a n t   f r e e  

o r g a n i c   f r a c t i o n   40.  The  e x a c t   a m o u n t   of  t h i s   f r a c t i o n  

u t i l i z e d   w i l l   d e p e n d   upon   t h e   p r o p e r t i e s   of  t h e   c o m b u s t i -  

b l e   c h a r   c o n t a i n i n g   a d m i x t u r e   w h i c h   a r e   d e s i r e d .   Nor -   
(94°C) 

m a l l y ,   f r a c t i o n s   h a v i n g   b o i l i n g   p o i n t s   up  to   a b o u t   2 0 0 0 F Z  

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

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

by  o t h e r   means   a s ,   f o r   e x a m p l e ,   s t e a m   s t r i p p i n g .  

The  h i g h e r   b o i l i n g   f r a c t i o n s   38  of  t h e   l i q u i d   o r g a n i c  

f r a c t i o n   34  a d v a n t a g e o u s l y   c o n t a i n   c e r t a i n   s u l f u r   a n d  

n i t r o g e n   c o m p o u n d s .   T h i s   f r a c t i o n   is   r e m o v e d   and  can  b e  

u s e d   d i r e c t l y   as  a  f e e d s t o c k   f o r   c h e m i c a l   s y n t h e s i s .  

W i t h i n   t h e   m i x i n g   m e a n s   42  t he   p a r t i c u l a t e   c h a r   a n d  

t h e   l o w e r   b o i l i n g   p o l l u t a n t - f r e e   o r g a n i c   f r a c t i o n   40  a r e  

a d m i x e d   in  t h e   d e s i r e d   p r o p o r t i o n s   and  s e n t   to  s t o r a g e   4 6 .  

In  t h e   m i x i n g   m e a n s ,   an  a d m i x t u r e   is  f o r m e d   of  c h a r   a n d  

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

can   be  u t i l i z e d   w i l l   d e p e n d   upon  the   p r o p e r t i e s   of  t h e  

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

s h o u l d   c o m p r i s e   no t   l e s s   t h a n   a b o u t   45%  by  w e i g h t   of  t h e  

c o m p o s i t i o n   and  p r e f e r a b l y   f rom  a b o u t   45%  to  a b o u t   75%  b y  

w e i g h t .   The  m i x i n g   means   42  can  be  any  w e l l   known  m i x i n g  

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

can   be  m i x e d   t o g e t h e r   in  s p e c i f i c   p r o p o r t i o n s   and  p u m p e d  

c o n t i n u o u s l y   to   a  s t o r a g e   t a n k   such   as  4 6 .  

C e r t a i n   w e l l   known  s u r f a c t a n t   s t a b i l i z e r s   may  b e  

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

t e r i s t i c s   d e s i r e d .   W i t h i n   t he   s t o r a g e   t a n k   46  i t   i s  

g e n e r a l l y   n o t   r e q u i r e d   to   a g i t a t e   the   f u e l   a d m i x t u r e   o f  

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

e x t e n d e d   p e r i o d .   From  t h e   s t o r a g e   t a n k   t h e   f u e l   of  t h e  

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



means   of  p i p e l i n e s   w e l l   known  in  t he   a r t   to  d i s t a n t   f i x e d  

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

I t   w i l l   be  r e a l i z e d   t h a t   t he   l i q u i d   o r g a n i c   f r a c t i o n  

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

c o a l   can  be  u t i l i z e d   d i r e c t l y   as  a  f e e d s t o c k   f o r   c h e m i c a l  

s y n t h e s i s ,   t r a n s p o r t a t i o n   f u e l s   or  t he   l i k e   r a t h e r   t h a n   a s  

t he   l i q u i d   p h a s e   of  t he   i n s t a n t   f u e l   a d m i x t u r e .  

In  a c c o r d a n c e   w i t h   a n o t h e r   e m b o d i m e n t   of  t h e   i n s t a n t  

i n v e n t i o n   c o a l   and  w a t e r   a r e   u t i l i z e d   to  p r o d u c e   f i r s t   CO 

and  H 2 a n d   t h e n   m e t h a n o l   and  o t h e r   l o w e r   a l c o h o l s   w h i c h  

a r e   u t i l i z e d   as  t h e   l i q u i d   p h a s e   f o r   t he   c o m b u s t i b l e   f u e l  

a d m i x t u r e   of  t h e   i n s t a n t   i n v e n t i o n .   W a t e r   r e l e a s e d   f r o m  

the   c o a l   d u r i n g   p r e h e a t i n g   can  be  u s e d   as  p a r t   of   t h e  

w a t e r   r e q u i r e d   in  t he   s y n t h e s i s ,   t h u s   f u r t h e r   p r e s e r v i n g  

p r e c i o u s   r e s o u r c e s .  

As  u sed   h e r e i n   t he   t e r m   a l c o h o l   is   e m p l o y e d   to   m e a n  

a l c o h o l s   w h i c h   c o n t a i n   f rom  1  to   a b o u t   4  c a r b o n   a t o m s .  

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

b u t a n o l   and  t h e   l i k e .   The  a l c o h o l   may  r a n g e   f rom  s u b s t a n -  

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

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

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

be  p r o d u c e d   on  s i t e   a t   t he   mine   in  c o n j u n c t i o n   w i t h   t h e  

p y r o l y t i c   d e s t r u c t i v e   d i s t i l l a t i o n .   The  p r o c e s s   can  b e  

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

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

In  a c c o r d a n c e   w i t h   t he   p r o c e s s   f o r   m a k i n g   t h e s e   a l c o -  

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

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

I :  



A  p o r t i o n   of   t h e   gas   i s   s u b j e c t e d   to   t he   s h i f t   r e a c t i o n  

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

in  a c c o r d a n c e   w i t h   e q u a t i o n   I I :  

The  C02  i s   s c r u b b e d   f rom  t he   g a s e o u s   p r o d u c t   l e a v i n g   o n l y  

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

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

of  h y d r o g e n   to   c a r b o n   m o n o x i d e   f rom  w h i c h   m e t h a n o l   a n d  

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

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

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

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

in  p a g e   3 7 0 - 3 9 8   of  v o l .   13  of  t h e   a b o v e   r e f e r e n c e d   K I R K -  

OTHMER  ENCYCLOPEDIA.  The  c a r b o n   m o n o x i d e   and  h y d r o g e n   a r e  

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

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

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

and  p r e s s u r e s   a r e   a l s o   known,   as  f o r   e x a m p l e ,   t h e   ICI  l o w  

p r e s s u r e   p r o c e s s   as  d e s c r i b e d   in  " H e r e ' s   how  ICI  S y n t h e s i z e s  

M e t h a n o l   a t   Low  P r e s s u r e "   O i l   and  Gas  J o u r n a l ,   v o l .   6 6 ,  

pp.   1 0 6 - 9 ,   F e b r u a r y   12,  1968 .   In  a c c o r d a n c e   w i t h   t h i s  

a s p e c t   of  t h e   i n s t a n t   i n v e n t i o n ,   t h e   m e t h a n o l   i s   used   a s  

t h e   l i q u i d   p h a s e   to  s l u r r y   t h e   c h a r   32  in  m i x i n g   means   4 2 .  

I t   w i l l   be  r e a l i z e d   t h a t   in  a c c o r d a n c e   w i t h   t he   i n s t a n t  

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

t h e   l i k e   may  be  added   d e p e n d i n g   on  t h e   p a r t i c u l a r   a p p l i c a -  

t i o n .   As  h e r e i n b e f o r e   m e n t i o n e d ,   a d v a n t a g e o u s l y   t he   a d m i x -  

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

Thus   h i g h   BTU  p e r   u n i t   v o l u m e   a r e   o b t a i n e d   w i t h   l o w e r   v i s -  

c o s i t i e s   and  h i g h e r   f l u i d i t i e s .  



I t   w i l l   be  r e a l i z e d   t h a t   t h e   l o w e r   b o i l i n g   o r g a n i c  

f r a c t i o n   a n d / o r   t h e   s y n t h e s i z e d   m e t h a n o l   w i l l   no t   d i s s o l v e  

or   o t h e r w i s e   s o l u b i l i z e   i m p u r i t i e s   s i n c e   the   c o a l   has   b e e n  

c h a r r e d   and  t h e   c h a r   has   been   b e n e f i c i a t e d .   Thus  t h e  

l i q u i d   p h a s e   of  t h e   c o m p o s i t i o n   can   be  r e a d i l y   e x t r a c t e d  

a t   t he   f u e l   m i x t u r e   d e s t i n a t i o n   f o r   use   as  a  c h e m i c a l   s y n -  

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

t h e   i n s t a n t   i n v e n t i o n   can  be  m o b i l i z e d   or  t r a n s p o r t e d   b y  

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

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

f u e l s   w h i c h   has   no t   h e r e t o f o r e   b e e n   r e a d i l y   and  e a s i l y  

a c c o m p l i s h e d .   For   e x a m p l e   t h e   e x i s t i n g   p i p e l i n e s   to   d o c k s  

and  t a n k i n g   f a c i l i t i e s   can  r e a d i l y   be  u t i l i z e d .   Oi l   t a n k -  

e r s   can  empty   t h e i r   c r u d e   o i l   l o a d   in  t h i s   c o u n t r y ,   and  b e  

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

i n s t a n t   i n v e n t i o n   w h i c h   can  be  e x p o r t e d   to  o t h e r   n a t i o n s ,  

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

The  l i q u i d   s o l i d   a d m i x t u r e ,   upon   r e a c h i n g   i t s   u l t i -  

ma te   d e s t i n a t i o n ,   may  be  e m p l o y e d   d i r e c t l y   as  a  f u e l   f o r  

h e a t i n g ;   f o r   u t i l i t i e s   such   as  p o w e r   p l a n t s ;   or  f o r  

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

m a t e r i a l s .   On  t h e   o t h e r   hand  i t   may  be  s e p a r a t e d   i n t o   i t s  

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

a n d / o r   m e t h a n o l .   The  c h a r   p o r t i o n   i s   e m p l o y e d   as  f u e l ,  

w h i l e   t he   o r g a n i c   f r a c t i o n   a n d / o r   m e t h a n o l   can  be  e m p l o y e d  

as  a  f e e d s t o c k   or   as  a  t r a n s p o r t a t i o n   f u e l   such   as  a  g a s o -  

l i n e   a d d i t i v e   or  as  an  e x t e n d e r .  

W h i l e   t h e   i n v e n t i o n   has  b e e n   e x p l a i n e d   in  r e l a t i o n   t o  

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

f i c a t i o n s   t h e r e o f   w i l l   become  a p p a r e n t   to  t h o s e   s k i l l e d   i n  

t he   a r t   upon  r e a d i n g   the   s p e c i f i c a t i o n   and  i t   is  i n t e n d e d  

to  c o v e r   such   m o d i f i c a t i o n s   as  f a l l   w i t h i n   the  s c o p e   of  t h e  

a p p e n d e d   c l a i m s .  



1.  A  f u e l   c o m p o s i t i o n   c o m p r i s i n g   a  l i q u i d - s o l i d   a d m i x t u r e  

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

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

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

b l e ,   t r a n s p o r t a b l e   c o m p o s i t i o n .  

2.  The  f u e l   c o m p o s i t i o n   of   c l a i m   1,  c h a r a c t e r i z e d   i n  

t h a t   t he   c o a l   c h a r   i s   p r o d u c e d   by  t h e   p y r o l y t i c   d e s t r u c -  

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

a b s e n c e   of  o x y g e n   and  in  t h a t   t he   l i q u i d   o r g a n i c   f r a c t i o n  

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

t i v e   d i s t i l l a t i o n .  

3.  The  f u e l   c o m p o s i t i o n   of   c l a i m   1  or  c l a i m   2,  c h a r a c -  

t e r i z e d   in  t h a t   t h e   r a t i o   of  p a r t i c u l a t e   m a t e r i a l   t o  

l i q u i d   i s   no t   l e s s   t h a n   a b o u t   45%  by  w e i g h t .  

4.  The  f u e l   c o m p o s i t i o n   o f   a n y o n e   of  c l a i m s   1  to   3 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   c h a r   i s   b e n e f i c i a t e d ,   a n d  

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

f r e e   of  s u l f u r   and  n i t r o g e n   p o l l u t a n t s .  

5.  The  f u e l   c o m p o s i t i o n   of   c l a i m   1,  c h a r a c t e r i z e d   i n  

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

a l c o h o l   of  f rom  1  to   a b o u t   4  c a r b o n   a t o m s .  



6.  The  f u e l   c o m p o s i t i o n   of  c l a i m   5,  c h a r a c t e r i z e d   i n  

t h a t   t h e   l o w e r   c h a i n   a l c o h o l   is  an  a l c o h o l   p r o d u c e d   b y  
the   c a t a l y z e d   r e a c t i o n   of  s y n t h e s i s   g a s   or  n a t u r a l   g a s .  

7.  A  m e t h o d   of  p r o d u c i n g   a  f u e l   c o m p o s i t i o n   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   t he   s t e p s   of   a d m i x i n g .  a   c o a l  

c h a r   w i t h   an  a m o u n t   of   a  l i q u i d   o r g a n i c   m a t e r i a l   e f f e c -  

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

c o m p o s i t i o n .  

8.  The  m e t h o d   of  c l a i m   7,  c h a r a c t e r i z e d   in  t h a t   t he   c o a l  

c h a r   i s   p r o d u c e d ' b y   p y r o l y t i c   d i s t i l l a t i o n   of  c a r b o n a c e o u s  

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

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

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

9.  The  m e t h o d   of  c l a i m   7,  c h a r a c t e r i z e d   in  t h a t   t h e  

l i q u i d   o r g a n i c   m a t e r i a l   is   a  l o w e r   c h a i n   a l c o h o l   h a v i n g  
f rom  1  to   a b o u t   4  c a r b o n   a t o m s .  

10.  A  m e t h o d   a c c o r d i n g   to  c l a i m   7,  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   t h e   t h e   s t e p s   o f :  

(a)  s u b j e c t i n g   a  c a r b o n a c e o u s   m a t e r i a l   t o  

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

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

c h a r ,   and  an  o r g a n i c   l i q u i d   f r a c t i o n ;  

(b)  r e d u c i n g   t h e   c h a r   to  a  p a r t i c u l a t e ;  



(c)   b e n e f i c i a t i n g   t he   p a r t i c u l a t e   to   p r o d u c e   a  

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

p a r t i c u l a t e   c h a r ;  

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

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

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

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

s u b s t a n t i a l l y   f r e e   f rom  such   s u l f u r   a n d  

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

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

and  an  o r g a n i c   l i q u i d   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   of  the   l o w e r   b o i l i n g  

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

and  m i x t u r e s   t h e r e o f   in  p r o p o r t i o n s   s u c h  

t h a t   t h e   p a r t i c u l a t e   c h a r   is   no  l e s s   t h a n  

a b o u t   45%  by  w e i g h t .  
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