
®  s  

Europaisches  Pa tentamt  

European  Patent  Office 

Office  europeen  des  brevets 
©  Publication  number: 0  0 9 6   5 8 4  

A 2  

(12 EUROPEAN  PATENT  APPLICATION 

@  Application  number:  83303287.3 

©  Date  of  filing:  07.06.83 

©  lnt.CI.3:  C  10  J  3 / 4 6  
C  10  F  5 /00  

®  Priority:  07.06.82  US  385949 

©  Date  of  publication  of  application: 
21.12.83  Bulletin  83/51 

©  Designated  Contracting  States: 
DE  FR  GB 

©  Applicant:  FOSTER  WHEELER  ENERGY  CORPORATION 
1  1  0  South  Orange  Avenue 
Livingston  New  Jersey  07039(US) 

©  Inventor:  McCallister,  Robert  A. 
110  South  Orange  Avenue 
Livingston  New  Jersey  07039(US) 

©  Representative:  Bowman,  Paul  Alan  et  al, 
LLOYD  WISE,  TREGEAR  &  CO.  Norman  House  105-109 
Strand 
London  WC2R  OAE(GB) 

CM 
<  

00 
in  

(0 
0) 
o  

@  Gasification  process. 

This  invention  relates  to  a  process  for  the  gasification  of 
a  low  quality  solid  carbonaceous  fuel  containing  bound 
water  such  as  sub-bituminous  coal,  lignite,  and  peat.  The 
process  incorporates  a  Carver-Greenfield  dehydration  sys- 
tem  (12, 34)  which  removes  most  of  the  bound  water  from 
the  fuel.  In  one  embodiment  of  the  invention  (Figure  1),  all 
the  fuel  is  dried  in  the  dehydration  system  (12)  and  the  dried 
fuel  (14)  fed  to  a  slurry  preparation  apparatus  (18)  where  it  is 
mixed  with  water  to  form  a  fuel  slurry  (22).  The  slurry  (22)  is 
then  fed  to  a  coal  gasification  plant  (24)  where  it  is  subjected 
to  partial  oxidation  using  oxygen  or  air  to  produce  a  product 
gas  (28).  Dirty  water  (16)  from  the  dehydration  system  (12) 
may  be  used  to  form  the  fuel  slurry  (22)  in  the  slurry 
preparation  apparatus  (18),  and  low  level  heat  (30)  from  the 
gasification  plant  may  be  recycled  for  use  in  the  dehydration 
system  (12). 

In  an  alternative  embodiment  (Figure  2),  only  a  first 
portion  of  wet  fuel  from  a  store  (32)  is  fed  to  a  Carver- 
Greenfield  dehydration  system  (34)  from  which  dried  fuel  is 
fed  direct  to  the  gasification  plant  (42).  A  second  portion  of 
wet  fuel  is  fed  direct  from  the  storage  (32)  to  the  plant  (42) 
where  the  wet  and  dried  fuel  blend  to  provide  a  feedstock  for 
the  plant  (42)  with  a  predeterminable  water  content. 



The  i n v e n t i o n   r e l a t e s   to   t h e   g a s i f i c a t i o n   of   c a r b o n -  

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

q u a l i t y   f u e l s   s u c h   as  s u b - b i t u m i n o u s   c o a l ,   l i g n i t e   or   p e a t .  

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

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

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

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

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

t h e   g a s i f i e r   t h r o u g h   some  m e c h a n i c a l   m e a n s ,   s u c h   as  a  s c r e w  

f e e d e r   or   a  l o c k   h o p p e r   s y s t e m .  

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

t y p e   i s   t h e   T e x a c o   Coa l   G a s i f i c a t i o n   P r o c e s s   (TCGP)  w h i c h  

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

e x a m p l e ,   U.S .   P a t e n t   No:  3 , 5 4 4 , 2 9 1   to   w h i c h   r e f e r e n c e   i s  

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

t h e   o x i d i z i n g   med ium  f o r   t h e   c o a l   f e e d .   The  c o a l   i s   f e d   a s  

a  w a t e r   s l u r r y   w i t h   t h e   w a t e r   t y p i c a l l y   a m o u n t i n g   t o   50%  o r  

more   of   t h e   t o t a l   w e i g h t   of  t h e   s l u r r y .  

The  a d v a n t a g e   of   t h e   w a t e r   s l u r r y   i s   t h a t   i t   can   b e  

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

p l i c a t e d   l o c k   h o p p e r s   or  o t h e r   f e e d   s y s t e m s .   The  w a t e r  

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

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

of  t h e   s l u r r y   has   an  a d v e r s e   i m p a c t   on  t h e   t h e r m a l   e f f i c -  

i e n c y   of   t h e   g a s i f i e r ,   t h e   h i g h e r   t h e   w a t e r   c o n t e n t   of   t h e  

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

g a s i f i e r ,   t h u s   c o n s u m i n g   more  c o a l   and  more  o x y g e n   or   a i r .  



U.S.   P a t e n t   No:  4 , 1 6 6 , 8 0 2   f u r t h e r   d e s c r i b e s   t h e   g a s i -  

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

i n t o   t he   g a s i f i c a t i o n   zone   in   t h e   fo rm  of  a  w a t e r   s l u r r y .  

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

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

ous   c o a l ,   l i g n i t e ,   or   p e a t ,   b e c a u s e   a l l   of   t h e s e   f u e l s  

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

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

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

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

f o r m a t i o n   of  t h e   s l u r r y   v e h i c l e   and  c o n s e q u e n t l y   h a s   n o  

e f f e c t   on  t h e   v i s c o s i t y   or   p u m p a b i l i t y   of  t h e   s l u r r y .   I t  

h a s   an  a d v e r s e   e f f e c t   on  t h e   g a s i f i c a t i o n   r e a c t i o n   as  i t  

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

t o   form  t h e   s l u r r y   and  t h u s   h a s   an  u n d e s i r a b l e   e f f e c t   o n  

t h e   t h e r m a l   e f f i c i e n c y   of  t h e   g e n e r a t o r .  

P a t e n t   No:  4 , 1 6 6 , 8 0 2   d e s c r i b e s   a  s o l u t i o n   to   t h i s  

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

d i v i d e d   f o r m ,   i s   i n t r o d u c e d   i n t o   a  q u e n c h   zone   w i t h   w a t e r .  

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

i n t o   t he   q u e n c h   zone   or  t h e y   a r e   i n t r o d u c e d   t o g e t h e r   i n t o  

t h e   q u e n c h   zone  in   t h e   f o r m   of  a  s l u r r y .   In  t h e   q u e n c h  

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

( c o m p r i s i n g   c a r b o n   m o n o x i d e   and  h y d r o g e n )   w h i c h   h a s   b e e n  

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

f u e l ,   p r e f e r a b l y   t h e   s tme  t y p e   of  f u e l   as  in  t h e   s l u r r y .  

. 



The  h o t   s y n t h e s i s   g a s ,   w h i c h   l e a v e s   t h e   p a r t i a l   o x i d a t i o n  

zone   a t   a  t e m p e r a t u r e   b e t w e e n   a b o u t   1 8 0 0 °   and  3 2 0 0 0 F . ,   i s  

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

and  c o n t a c t   i s   made  w i t h   t h e   s l u r r y ,   p r e f e r a b l y   by  d i s -  

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

s u r f a c e   of  t h e   s l u r r y .  

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

p r o b l e m   of  e x c e s s   w a t e r   in   a  p a r t i a l   o x i d a t i o n   c o a l   g a s i -  

f i c a t i o n   p r o c e s s   when  f e e d i n g   a  low  q u a l i t y   s o l i d   c a r b o n -  

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

i n o u s   c o a l ,   l i g n i t e ,   or   p e a t .  

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

s u b - b i t u m i n o u s   c o a l ,   l i g n i t e ,   and  p e a t   c o n t a i n   e x c e s s i v e  

q u a n t i t i e s   of  b o u n d   m o i s t u r e   in   t e r m s   of  b e i n g   u s e f u l  

f e e d s t o c k   f o r   a  s l u r r y   f ed   g a s i f i e r .   The  bound  w a t e r   c o n -  

t e n t   of  l i g n i t e   i s   t y p i c a l l y   a b o u t   35  to   50  p e r c e n t   b y  

w e i g h t .   N o r m a l   t h e r m a l   d r y i n g   p r o c e s s e s   wou ld   r e q u i r e   a  

r a t h e r   l a r g e   h e a t   i n p u t   and  w o u l d   c r e a t e   an  e n e r g y   i n -  

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

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

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

The  i n v e n t i o n   i n v o l v e s   u s i n g   t h e   C a r v e r - G r e e n f i e l d  

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

s e w a g e   s l u d g e .   The  C a r v e r - G r e e n f i e l d   p r o c e s s   may  be  p r a -  

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

R e i s s u e   P a t e n t   No:  2 6 , 3 5 2   and  U .S .   P a t e n t   No:  3 , 3 2 3 , 5 7 5   t o  



w h i c h   r e f e r e n c e   i s   d i r e c t e d .   The  C a r v e r - G r e e n f i e l d  

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

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

c o n t a i n i n g   a b o u t   0 .5   to   3.O  p e r c e n t   by  w e i g h t   w a t e r .   I n  

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

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

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

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

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

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

In  o r d e r   to   a c h i e v e   d e h y d r a t i o n   in  t h e   C a r v e r - G r e e n -  

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

t y p i c a l l y   a  l i g h t   gas  o i l ,   s u c h   as  " ISOPAR" ,   and   t h e n   t h e  

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

des   a  n u m b e r   of  s t a g e s   to   a c h i e v e   t h e   d e s i r e d   d e g r e e   o f  

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

t h r e e   s t a g e s .   S team  i s   r e q u i r e d   to   o p e r a t e   t h e   d r y e r s .  

A l t e r n a t i v e l y ,   some  o t h e r   s o u r c e   of  low  l e v e l   h e a t   c o u l d  

be  u s e d .   The  C a r v e r - G r e e n f i e l d   p r o c e s s   o f f e r s   t h e  

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

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

and  r e u s e   t h e   s t e a m   f rom  e a c h   of   t h e   s u b s e q u e n t   s t a g e s   i n  

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

h e a t   r e s u l t s   in  a  much  h i g h e r   e n e r g y   e f f i c i e n c y   t h a n  

c o u l d   be  a c h i e v e d   in  a  s i n g l e   s t a g e   u n i t .  



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

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

q u a l i t y   f u e l   t h a t   i s   b e i n g   d r i e d .   T h i s   w a t e r   i s   t y p i c a l l y  

d i r t y   and  o i l y   and ,   to   p r e v e n t   e n v i r o n m e n t a l   p o l l u t i o n ,  

w o u l d   r e q u i r e   t r e a t m e n t   b e f o r e   d i s p o s a l .   One  s i g n i f i c a n t  

a d v a n t a g e   of  t h e   p r e s e n t   i n v e n t i o n   i s   t h a t ,   in   one  p r e f -  

e r r e d   e m b o d i m e n t ,   t h i s   d i r t y   w a t e r   i s   u s e d   to   p r e p a r e   t h e  

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

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

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

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

q u a n t i t y   of   b o u n d   w a t e r   to   be  r e m o v e d   f r o m   t h e   l i g n i t e   o r  

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

c l o s e   t o   t h e   t o t a l   w a t e r   r e q u i r e m e n t   of  t h e   c o a l   s l u r r y  

p r e p a r a t i o n   s y s t e m .   T h u s ,   m a k e - u p   w a t e r   to   t h e   s y s t e m   i s  

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

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

a s s i s t   t h e   d e h y d r a t i o n   in   t h e   C a r v e r - G r e e n f i e l d   d r y i n g  

p r o c e s s .   One  of  t he   f i n a l   s t e p s   in   t h e   c o n v e n t i o n a l  

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

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

d e s i r a b l e   b o t h   to  m i n i m i z e   o i l   l o s s   and  a l s o   to   m i n i m i z e  

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

o i l .   O i l   r e m o v a l   may  a l s o   be  n e c e s s a r y   f o r   e c o n o m i c   r e a -  

s o n s .   One  a d v a n t a g e   h o w e v e r ,   of  t h e   p r e s e n t   i n v e n t i o n   i s  

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

o i l   f rom  t h e   d r i e d   f u e l   p r o d u c t .   The  d r i e d   f u e l   p r o d u c t  



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

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

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

T e s t s   h a v e   shown  t h a t   t h e   d r i e d   f u e l   m a t e r i a l   d o e s   n o t  

t a k e   up  w a t e r   in  t h e   s l u r r y   t o   a c h i e v e   t h e   same  c o m p o s i t i o n  

as  t h e   o r i g i n a l   we t   f e e d s t o c k   g o i n g   i n t o   t h e   C a r v e r -  

G r e e n f i e l d   p r o c e s s .   T h u s ,   t h e   s l u r r y i n g   of  t h e   d r i e d   f u e l  

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

t o   i t s   o r i g i n a l   s t a t e .   T h e r e f o r e ,   t h e   p r e s e n t   i n v e n t i o n  

a l l o w s   t he   use   of  a  r e l a t i v e l y   low  c o s t   we t   f e e d s t o c k   as  a  

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

s l u r r y   p r e p a r a t i o n   s y s t e m .  

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

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

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

c o m p r i s e s : -  

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

i n   w h i c h   t h e   we t   f u e l   i s   s u b j e c t e d   t o   a  C a r v e r - G r e e n f i e l d  

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

r e m o v e d   and  d r i e d   f u e l   i s   p r o d u c e d ;  

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

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

a  f u e l   s l u r r y ;   a n d  

(c)  pumping   t h e   f u e l   s l u r r y   to   a  g a s i f i c a t i o n   p l a n t  

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

o r   a i d   to  p r o d u c e   a  p r o d u c t   g a s .  



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  

p r o c e s s   c o m p r i s e s : -  

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

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

w h i c h   t h e   wet   f u e l   i s   s u b j e c t e d   to   a  C a r v e r - G r e e n f i e l d  

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

r e m o v e d   and  d r i e d   f u e l   i s   p r o d u c e d ;  

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

p l a n t   w h e r e i n   t h e   d r i e d   f u e l   i s   s u b j e c t e d   to   p a r t i a l  

o x i d a t i o n   u s i n g   o x y g e n   or  a i r   to   p r o d u c e   a  p r o d u c t   g a s ;  

a n d  

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

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

w h e r e i n   s a i d   wet   f u e l   i s   s u b j e c t e d   to   p a r t i a l   o x i d a t i o n  

u s i n g   o x y g e n   or  a i r   to   p r o d u c e   a  p r o d u c t   g a s .  

In  t h i s   a l t e r n a t i v e   p r o c e s s ,   t h e   s i z e s   of  t h e   f i r s t  

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

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

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

In  t h i s   way,   t h e   s u c c e s s f u l   o p e r a t i o n   of   t h e   g a s i f i c a t i o n  

p l a n t   can   be  e n s u r e d .  

Two  e m b o d i m e n t s   of  t he   i n v e n t i o n   w i l l   now  be  d e s c r i b e d  

by  way  of  e x a m p l e   and  w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g  

d r a w i n g s   w h e r e i n : -  

F i g u r e   1  i s   a  s c h e m a t i c   d i a g r a m   i l l u s t r a t i n g   t h e  

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



F i g u r e   2  i s   a  s c h e m a t i c   d i a g r a m   i l l u s t r a t i n g   t h e  

p r o c e s s   s t e p s   i n v o l v e d   in   a  s e c o n d   e m b o d i m e n t ;   a n d  

F i g u r e   3  i s   a  g r a p h   s h o w i n g   t h e   p e r c e n t   of  t o t a l  

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

p e r c e n t .  

The  p r o c e s s   i l l u s t r a t e d   in   F i g u r e   1  shows   t h e   use   o f  

l i g n i t e   as  t h e   f e e d s t o c k ,   b u t   i t   s h o u l d   be  u n d e r s t o o d  

t h a t   t h e   p r o c e s s   may  a l s o   be  u s e d   to   t r e a t   o t h e r   low  g r a d e  

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

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

Wet  l i g n i t e   10  c o n t a i n i n g   a b o u t   45  to   50  p e r c e n t   b y  

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

a p p a r a t u s   12  w h i c h   c o l l e c t i v e l y   p e r f o r m s   t h e   C a r v e r -  

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

in   U.S.   R e i s s u e   P a t e n t   No:  2 6 , 3 5 2   and  U.S .   P a t e n t   No:  

3 , 3 2 3 , 5 7 5 .   Wet  l i g n i t e   10  i s   p r e f e r a b l y   c r u s h e d   i n t o  

p a r t i c l e s   h a v i n g   no  c r o s s - s e c t i o n a l   d i m e n s i o n   g r e a t e r   t h a n  

a b o u t   1/2  i n c h   ( 1 2 . 7   m i l l i m e t r e s )   p r i o r   to   i n t r o d u c t i o n  

i n t o   t h e   d e h y d r a t i o n   a p p a r a t u s   1 2 .  

D r i e d   l i g n i t e   14  e x i t s   f rom  t h e   d e h y d r a t i o n   a p p a r a t u s  

12  a f t e r   u n d e r g o i n g   t h e   C a r v e r - G r e e n f i e l d   p r o c e s s   and  i s  

c o n v e y e d   to   t h e   c o a l   s l u r r y   p r e p a r a t i o n   a p p a r a t u s   1 8 .  

E x p e r i m e n t a l   t e s t   d a t a   p r o v e s   t h a t   t h e   C a r v e r - G r e e n f i e l d  

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

so  t h a t   d r i e d   l i g n i t e   14  c o n t a i n s   a b o u t   0 . 5   to   3 . 0   p e r c e n t  

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

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



in  U.S .   P a t e n t   No:  4 , 1 6 6 , 8 0 2   w h i c h   c o n t a i n s   no  e x p e r i m e n t -  

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

has   b e e n   r e m o v e d .  

S i n c e   d r i e d   l i g n i t e   14  i s   a  h i g h l y   r e a c t i v e   m a t e r i a l ,  

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

r a t u s   18  u s i n g   an  e n c l o s e d   c o n v e y o r   s y s t e m   b l a n k e t e d   w i t h  

an  i n e r t   g a s ,   s u c h   as  n i t r o g e n .  

In  t h e   c o a l   s l u r r y   p r e p a r a t i o n   a p p a r a t u s   18,  d r i e d  

l i g n i t e   14  i s   f e d   i n t o   a  h o p p e r   and  t h e n   i n t o   a  m i l l i n g  

a p p a r a t u s   w h e r e   t h e   l i g n i t e   i s   s u b j e c t e d   to   a  we t   g r i n d i n g  

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

w a t e r   16  f rom  t h e   C a r v e r - G r e e n f i e l d   p r o c e s s   i s   p r e f e r a b l y  

u s e d   f o r   t h i s   p u r p o s e   and  a d d i t i o n a l   m a k e - u p   w a t e r   20  m a y  

be  u s e d   as  n e e d e d .   The  wet   g r i n d i n g   p r o c e s s   p r o d u c e s  

p a r t i c l e s   of  f e e d   m a t e r i a l   w h i c h   h a v e   no  c r o s s - s e c t i o n a l  

d i m e n s i o n   g r e a t e r   t h a n   a b o u t   1/4  i n c h   ( 6 . 3 5   m i l l i m e t r e s ) .  

P r e f e r a b l y ,   100  w e i g h t   p e r c e n t   of   t h e   s o l i d   f u e l   w i l l   p a s s  

t h r o u g h   a  14  mesh  s i e v e   and ,   more   p r e f e r a b l y ,   100  w e i g h t  

p e r c e n t   of   t h e   s o l i d   f u e l   w i l l   p a s s   t h r o u g h   a  14  m e s h  

s i e v e   w i t h   n o t   more   t h a n   30  w e i g h t   p e r c e n t   p a s s i n g   t h r o u g h  

a  325  mesh  s i e v e .  

The  r e s u l t i n g   c o a l   s l u r r y   22  c o n t a i n i n g   b e t w e e n   a b o u t  

50  to   75  p e r c e n t   s o l i d s   by  w e i g h t   on  a  d ry   b a s i s   i s   t h e n  

pumped  to   a  c o n v e n t i o n a l   c o a l   g a s i f i c a t i o n   p l a n t   (CGP)  24  

such   as  d e s c r i b e d   i n ,   f o r   e x a m p l e ,   U . S .   P a t e n t   No:  3 , 5 4 4 ,  

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

a i r   26  to   p r o d u c e   the   d e s i r e d   c o n v e n t i o n a l   p r o d u c t   gas   2 8 .  



Low  l e v e l   h e a t   30,  w h i c h   may  be  in  t h e   fo rm  of   s t e a m   o r  

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

to   t he   d e h y d r a t i o n   a p p a r a t u s   12  w h e r e   i t   i s   e f f i c i e n t l y  

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

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

A  s e c o n 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   i l l u s t r a t e d  

in  F i g u r e s   2  and  3.  A g a i n   l i g n i t e   i s   shown  as  t h e   f e e d -  

s t o c k ,   b u t   t h e   p r o c e s s   may  a l s o   be  u s e d   to   t r e a t   any  l o w  

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

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

p e a t .   As  d e s c r i b e d   a b o v e ,   one  t y p e   of   c o a l   g a s i f i c a t i o n  

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

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

f e e d s t o c k   may  c o n t a i n   w h a t e v e r   b o u n d   w a t e r   was  in  t h e  

f u e l   when  r e c e i v e d   a t   t h e   p l a n t .   The  b o u n d   w a t e r   may  h a v e  

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

D r y i n g   t h e   f u e l   can   be  a c c o m p l i s h e d .   H o w e v e r ,   t h i s  

may  i m p o s e   a  s e v e r e   e n e r g y   p e n a l t y .   Some  w e t   f u e l s   m a y  

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

much  w a t e r   to   be  s a t i s f a c t o r i l y   g a s i f i e d .  

An  e x a m p l e   of  a  f u e l   w h i c h   w o u l d   be  in   t h i s   c a t e g o r y  

w o u l d   be  a  l i g n i t e   w i t h   a  m o i s t u r e   c o n t e n t   of  a b o u t   45  t o  

50  p e r c e n t   by  w e i g h t .   D r y i n g   a  p o r t i o n   of  t h e   l i g n i t e  

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

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

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

a c t u a l l y   d r i e d ,   t h e r e b y   s a v i n g   on  e n e r g y   and  c a p i t a l  

i n v e s t m e n t .  



R e f e r r i n g   now  to   F i g u r e   2,  a  f i r s t   p o r t i o n   of  t h e   w e t  

l i g n i t e   ( c o n t a i n i n g   a b o u t   35  to   50  p e r c e n t   by  w e i g h t  

b o u n d   w a t e r )   f rom  t h e   wet   l i g n i t e   s t o r a g e   u n i t   32  i s   i n t r o -  

d u c e d   i n t o   t h e   d e h y d r a t i o n   a p p a r a t u s   34  w h i c h   c o l l e c t i v e l y  

p e r f o r m s   t h e   C a r v e r - G r e e n f i e l d   d e h y d r a t i o n   p r o c e s s   as  d e s -  

c r i b e d ,   f o r   e x a m p l e ,   in   U .S .   R e i s s u e   P a t e n t   No:  2 6 , 3 5 2  

and  U .S .   P a t e n t   No:  3 , 3 2 3 , 5 7 5 .   The  we t   l i g n i t e   i s   p r e f -  

e r a b l y   c r u s h e d   i n t o   p a r t i c l e s   h a v i n g   no  c r o s s - s e c t i o n a l  

d i m e n s i o n s   g r e a t e r   t h a n   a b o u t   1 /2   i n c h   ( 1 2 . 7   m i l l i m e t r e s )  

p r i o r   to   i n t r o d u c t i o n   i n t o   t h e   d e h y d r a t i o n   a p p a r a t u s   3 4 .  

D r i e d   l i g n i t e   (now  c o n t a i n i n g   a b o u t   0 . 5   to   3 . 0   p e r c e n t  

by  w e i g h t   w a t e r )   e x i t s   f rom  t h e   d e h y d r a t i o n   a p p a r a t u s   34 

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

and  i s   c o n v e y e d   to   t h e   d r i e d   l i g n i t e   s t o r a g e   u n i t   36  o r  

o p t i o n a l l y   to   t h e   c o a l   g a s i f i e r   42  w i t h o u t   g o i n g   to  s t o r -  

a g e .   S i n c e   t he   d r i e d   l i g n i t e   i s   a  h i g h l y   r e a c t i v e   m a t e r -  

i a l ,   i t   i s   p r e f e r a b l y   c o n v e y e d   to   t h e   c o a l   g a s i f i e r   42  

u s i n g   t h e   d r i e d   l i g n i t e   f e e d   s y s t e m   38  w h i c h  i n c l u d e s   a n  

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

as  n i t r o g e n .   The  d r i e d   l i g n i t e   f e e d   s y s t e m   38  i n c l u d e s   a  

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

w h i c h   have   no  c r o s s - s e c t i o n a l   d i m e n s i o n   g r e a t e r   t h a n   a b o u t  

1 /4   i n c h   ( 6 . 3 5   m i l l i m e t r e s ) .   P r e f e r a b l y ,   100  w e i g h t   p e r -  

c e n t   of  t he   s o l i d   f u e l   w i l l   p a s s   t h r o u g h   a  14  mesh  s i e v e  

a n d ,   more  p r e f e r a b l y ,   100  w e i g h t   p e r c e n t   of  t h e   s o l i d   f u e l  

w i l l   p a s s   t h r o u g h   a  14  mesh  s i e v e   w i t h   n o t   more   t h a n   3 0  

w e i g h t   p e r c e n t   p a s s i n g   t h r o u g h   a  325  mesh  s i e v e .  



A  s e c o n d   p o r t i o n   of   we t   l i g n i t e   f rom  t h e   we t   l i g n i t e  

s t o r a g e   u n i t   32  i s   c o n v e y e d   to   t he   c o a l   g a s i f i e r   42  u s i n g  

t h e   wet   l i g n i t e   f e e d   s y s t e m   40.   The  wet  l i g n i t e   f e e d   s y s -  

tem  40  i n c l u d e s   a  g r i n d i n g   p r o c e s s   w h i c h   p r o d u c e s   p a r t i c l e s  

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

g r e a t e r   t h a n   a b o u t   1/4  i n c h .   6 . 3 5   m i l l i m e t r e s ) .   P r e f e r -  

a b l y ,   100  w e i g h t   p e r c e n t   of  t h e   s o l i d   f u e l   w i l l   p a s s  

t h r o u g h   a  14  mesh  s i e v e   a n d ,   more   p r e f e r a b l y ,   100  w e i g h t  

p e r c e n t   of  t h e   s o l i d   f u e l   w i l l   p a s s   t h r o u g h   a  14  m e s h  

s i e v e   w i t h   n o t   more   t h a n   30  w e i g h t   p e r c e n t   p a s s i n g   t h r o u g h  

a  325  mesh  s i e v e .  

As  shown  by  t h e   g r a p h   in   F i g u r e   3,  d r y i n g   35  p e r c e n t  

by  w e i g h t   of   t h e   wet   l i g n i t e   and  f e e d i n g   t h i s   a m o u n t   o f  

t h e   d r i e d   l i g n i t e   a l o n g   w i t h   65  p e r c e n t   by  w e i g h t   of   w e t  

( u n d r i e d )   l i g n i t e   r e s u l t s   in  a  f i n a l   o v e r a l l   m o i s t u r e  

c o n t e n t   of  30  p e r c e n t   by  w e i g h t   f o r   t h e   f e e d s t o c k   of  t h e  

c o a l   g a s i f i e r   42.  T h u s ,   t h e   b l e n d   of  wet   l i g n i t e   a n d  

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

o v e r a l l   w a t e r   c o n t e n t   so  t h a t   t h e   c o a l   g a s i f i e r   42  can   b e  

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

Coa l   g a s i f i e r   2  i s   a  c o n v e n t i o n a l   c o a l   g a s i f i c a t i o n  

p l a n t   s u c h   as  d e s c r i b e d   i n ,   f o r   e x a m p l e ,   U.S .   P a t e n t   N o :  

3 , 5 4 4 , 2 9 1   w h e r e   t h e   c o a l   i s   p a r t i a l l y   o x i d i z e d   u s i n g   o x y g e n  

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

Low  l e v e l   h e a t ,   w h i c h   may  be  in   t h e   form  of  s t e a m   or   h o t  

w a t e r ,   f rom  t h e   c o a l   g a s i f i e r   42  may  be  c o n v e y e d   to   t h e  

d e h y d r a t i o n   a p p a r a t u s   34  w h e r e   i t   i s   e f f i c i e n t l y   and  e c o n -  



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

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



1.  A  p r o c e s s   f o r   t h e   g a s i f i c a t i o n   of  a  s o l i d   c a r b o n a c e o u s  

f u e l   c o n t a i n i n g   s i g n i f i c a n t   q u a n t i t i e s   of  bound   w a t e r ,  

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

(a)  f e e d i n g   t h e   wet   f u e l   (10)  i n t o   a  d e h y d r a t i o n   a p p a r -  

a t u s   (12)  in   w h i c h   t h e   wet   f u e l   i s   s u b j e c t e d   to   a  C a r v e r -  

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

w a t e r   i s   r e m o v e d   and  d r i e d   f u e l   (14)  i s   p r o d u c e d ;  

(b)  c o n v e y i n g   t h e   d r i e d   f u e l   (14)  to   a  s l u r r y   p r e p a r a -  

t i o n   a p p a r a t u s   (18)  w h e r e   i t   i s   g r o u n d   and  m i x e d   w i t h   w a t e r  

to  form  a  f u e l   s l u r r y   (22)  a n d  

(c)  p u m p i n g   t h e   f u e l   s l u r r y   (22)  to   a  g a s i f i c a t i o n  

p l a n t   (24)  w h e r e   i t   i s   s u b j e c t e d   to   p a r t i a l   o x i d a t i o n  

u s i n g   o x y g e n   or   a i r   to   p r o d u c e   a  p r o d u c t   gas   ( 1 8 ) .  

2.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   1  w h e r e i n   w a t e r   m i x e d  

w i t h   t h e   d r i e d   f u e l   i s   d i r t y   w a t e r   (16)  f rom  t h e   C a r v e r -  

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

a p p a r a t u s . ( 1 2 ) .  

3.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   2  w h e r e i n   a d d i t i o n a l  

m a k e - u p   w a t e r   (20)  i s   a d d e d   as  n e e d e d .  

4.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   C l a i m   w h e r e i n   t h e  

f u e l   s l u r r y   (22)  f o r m e d   c o n t a i n s   f u e l   p a r t i c l e s   of  a  s i z e  

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

t h r o u g h   a  14  mesh  s i e v e   w i t h   n o t   more  t h a n   30  w e i g h t   p e r -  

c e n t   p a s s i n g   t h r o u g h   a  325  mesh  s i e v e .  

5.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   C l a i m   w h e r e i n   t h e  



f u e l   s l u r r y   (22)  c o n t a i n s   50  to   75  p e r c e n t   s o l i d s   by  w e i g h t  

on  a  dry   b a s i s .  

6.  A  p r o c e s s   f o r   t h e   g a s i f i c a t i o n   of  a  s o l i d   c a r b o n a c e o u s  

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

c o m p r i s i n g : -  

(a)  f e e d i n g   a  f i r s t   p o r t i o n   of  t h e   we t   f u e l   d rawn  f r o m  

a  we t   f u e l   s t o r a g e   u n i t   (32)  i n t o   a  d e h y d r a t i o n   a p p a r a t u s  

(34)  in  w h i c h   t h e   w e t   f u e l   i s   s u b j e c t e d   to   a  C a r v e r -  

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

w a t e r   i s   r e m o v e d   and  d r i e d   f u e l   i s   p r o d u c e d ;  

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

p l a n t   (42)  w h e r e i n   t h e   d r i e d   f u e l   i s   s u b j e c t e d   to   p a r t i a l  

o x i d a t i o n   u s i n g   o x y g e n   or  a i r   to  p r o d u c e   a  p r o d u c t   g a s ;   a n d  

(c)  f e e d i n g   a  s e c o n d   p o r t i o n   of  t h e   we t   f u e l   d r awn   f r o m  

t h e   wet   f u e l   s t o r a g e   u n i t   (32)  to  t h e   g a s i f i c a t i o n   p l a n t  

(42)  w h e r e i n   s a i d   we t   f u e l   i s   s u b j e c t e d   to   p a r t i a l   o x i d a -  

t i o n   u s i n g   o x y g e n   or   a i r   to   p r o d u c e   a  p r o d u c t   g a s .  

7.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   6  w h e r e i n   t h e   s e c o n d  

p o r t i o n   of  we t   f u e l   b l e n d s   w i t h   t h e   d r i e d   f u e l   in   t h e  

g a s i f i c a t i o n   p l a n t   ( 4 2 ) .  

8.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   7  w h e r e i n   t h e   a m o u n t s   o f  

wet   and  d r i e d   f u e l   f e d   to   t he   g a s i f i c a t i o n   p l a n t   (42)  a r e  

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

w a t e r   c o n t e n t .  

9.  A  p r o c e s s   a c c o r d i n g   to   any  of  C l a i m s   6  to   8  w h e r e i n   t h e  



f i r s t   p o r t i o n   of  we t   f u e l   i s   s u b s t a n t i a l l y   35  p e r c e n t   b y  

w e i g h t   of  t h e   we t   f u e l   d r awn   f rom  t h e   s t o r a g e   u n i t   and  t h e  

s e c o n d   p o r t i o n   of  we t   f u e l   i s   s u b s t a n t i a l l y   65  p e r c e n t   b y  

w e i g h t   of  t h e   we t   f u e l   d r a w n   f rom  t h e   s t o r a g e   u n i t .  

10.  A  p r o c e s s   a c c o r d i n g   to   any  of  C l a i m s   6  t o   9  w h e r e i n  

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

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

a  14  mesh  s i e v e   w i t h   n o t   more  t h a n   30  w e i g h t   p e r c e n t   p a s s -  

i n g   t h r o u g h   a  325  mesh   s i e v e .  

11.  A  p r o c e s s   a c c o r d i n g   to   any  of  C l a i m s   6  t o   10  w h e r e i n  

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

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

p a s s   t h r o u g h   a  14  mesh   s i e v e   w i t h   n o t   more  t h a n   30  w e i g h t  

p e r c e n t   p a s s i n g   t h r o u g h   a  325  mesh  s i e v e .  

12.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   C l a i m   w h e r e i n  

t h e   we t   f u e l   i s   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   or  s u b -  

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

13.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   12  w h e r e i n   t h e   w e t   s o l i d  

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

14.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   C l a i m   i n c l u d i n g  

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

p a r t i c l e s   h a v i n g   no  c r o s s - s e c t i o n a l   d i m e n s i o n   g r e a t e r   t h a n  

1 2 . 7   m i l l i m e t r e s   b e f o r e   f e e d i n g  t h e  f u e l   to   t h e   d e h y d r a t i o n  

a p p a r a t u s .  

15.  The  p r o c e s s   d e f i n e d   in   any  p r e c e d i n g   C l a i m   w h e r e i n   t h e  

d r i e d   f u e l   c o n t a i n s   0 .5   to   3 .0   p e r c e n t   by  w e i g h t   w a t e r .  



16.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   C l a i m   w h e r e i n   t h e  

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

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

g a s .  

17.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   16  w h e r e i n   t h e   i n e r t  

gas   i s   n i t r o g e n .  

18.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   C l a i m   i n c l u d i n g  

t h e   s t e p   of  c o n v e y i n g   low  l e v e l   h e a t   (30)  p r o d u c e d   in   t h e  

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

use   in   p e r f o r m i n g   s a i d   C a r v e r - G r e e n f i e l d   d e h y d r a t i o n   p r o -  

c e s s .  
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