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@  A  process  for  making  fuel  slurries  of  coal  in  water  and  the  product  thereof. 

A  process  for  making  fluid,  stable  slurries  of  finely 
divided  coal  in  water,  which  can  be  sufficiently  highly 
loaded  to  serve  as  fuel,  comprises: 
a)  Admixing: 

(i)  ultrafine  coal  particles  having  a  maximum  size  of 
10  µm  MMD  in  an  amount  comprising  from  10  to 
30%  by  weight  of  the  slurry, 

(ii)  larger  coal  particles  within  the  size  range  of  from 
20  to  200  µm  MMD  in  an  amount  sufficient  to  pro- 
vide  a  desired  total  coal  concentration  in  the  slurry, 

(iii)  water,  and, 
(iv)  a  minor  amount  of  dispersant  consisting  essentially 

of  an  alkaline  earth  metal  salt  of  an  organosulfonate 
in  which  the  organic  moiety  is  multifunctional,  and 

b)  subjecting  the  mixture  to  high  shear  at  a  rate  of  at 
least  100  sec-1. 

Preferably,  calcium  lignosulphonate  is  used  as  the 
dispersant  and  the  pH  is  maintained  in  the  range  of  5 
to  8  using  an  inorganic  alkali  metal  buffer  salt. 

The  slurry  thus  produced  exhibits  thixotropic  or 
Bingham  fluid-like  properties  enabling  prolonged  periods 
of  storage  with  subsequent  restoration  of  fluid  charac- 
teristics  to  enable  use  as  a  fuel. 



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

s l u r r i e s   of   c o a l   in  w a t e r   w h i c h   can   be  i n j e c t e d   d i r e c t l y  
i n t o   a  f u r n a c e   as  a  c o m b u s t i b l e   f u e l .   A  h i g h   f u e l   v a l u e  

c o a l   s l u r r y   can   s u p p l a n t   l a r g e   q u a n t i t i e s   of  i n c r e a s i n g l y  

e x p e n s i v e   f u e l   o i l   p r e s e n t l y   b e i n g   u s e d   by  u t i l i t i e s ,  

, f a c t o r i e s ,   s h i p s   and  o t h e r   c o m m e r c i a l   e n t e r p r i s e s .   S i n c e  

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

B T U / l b   ( J / k g )   i t   i s   d e s i r a b l e   to   m i n i m i s e   i t s   c o n c e n t r a t i o n  

and  m a x i m i s e   c o a l   c o n c e n t r a t i o n   f o r   e f f i c i e n t   use   of   t h e  

s l u r r y   as  a  f u e l .   A  h i g h   c o a l   c o n t e n t   a l s o   i m p r o v e s   t h e  

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

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

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

a b o u t   50%  to   70%  of  t h e   s l u r r y .   D e s p i t e   s u c h   h i g h   s o l i d s  

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

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

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

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

An  o b j e c t   of   t h i s   i n v e n t i o n   i s   to   p r o v i d e   an  i m p r o v e d  

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

A c c o r d i n g   to   t h e   p r e s e n t   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  

p r o c e s s   f o r   m a k i n g   s u b s t a n t i a l l y   s t a b l e   c o a l - w a t e r   s l u r r i e s  

c o m p r i s i n g :  

a)  A d m i x i n g :  

(1)   u l t r a f i n e   c o a l   p a r t i c l e s   h a v i n g   a  maximum  s i z e   o f  

10µm  MMD  in  an  a m o u n t   c o m p r i s i n g   f rom  10  to   30%  b y  

w e i g h t   of  t h e   s l u r r y ,  

( i i )   l a r g e r   c o a l   p a r t i c l e s   w i t h i n   t h e   s i z e   r a n g e   o f  

f r o m   20  to   200ym  MMD  in  an  a m o u n t   s u f f i c i e n t   t o  

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

s l u r r y ,  

( i i i )   w a t e r ,   a n d ,  



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

f u n c t i o n a l ,   a n d  

b)  s u b j e c t i n g   t h e   m i x t u r e   to   h i g h   s h e a r   a t   a  r a t e   of  a t  

l e a s t   100  s e c - 1 .  

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

c o m p r i s e s :  

a)  u l t r a f i n e   c o a l   p a r t i c l e s   h a v i n g   a  maximum  s i z e   of   10µm  MMD, 
in  an  a m o u n t   c o m p r i s i n g   f rom  10  to   30%  by  w e i g h t   o f  

s l u r r y ;  

b)  l a r g e r   c o a l   p a r t i c l e s   w i t h i n   t h e   s i z e   r a n g e   of  f rom  2 0  

t o  2 0 0 µ m   MMD  in  an  a m o u n t   s u f f i c i e n t   to   p r o v i d e   a  d e s i r e d  

t o t a l   c o a l   c o n c e n t r a t i o n   in  t h e   s l u r r y ;  

c)  w a t e r ;   a n d  

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

an  a l k a l i n e   e a r t h   m e t a l   o r g a n o - s u l f o n a t e   in  w h i c h   t h e  

o r g a n i c   m o i e t y   i s   m u l t i - f u n c t i o n a l .  

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

70%  or  h i g h e r   of   c o a l   s t a b l e y   d i s p e r s e d   in  w a t e r   a r e   p r o d u c e d  

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

i o n   of   p a r t i c l e   s i z e s ,   w a t e r ,   and  an  o r g a n i c   d i s p e r s a n t   in  a  

h i g h   s h e a r   r a t e   m i x e r .   An  i n o r g a n i c   b u f f e r   s a l t   may  a l s o   b e  

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

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

r e s t   and  in  m o t i o n   or  a  s l u r r y   w h i c h   g e l s   or  f l o c c u l a t e s   i n t o .  

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

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

r e l a t i v e l y   low  s h e a r   s t r e s s .  

C o n t r o l l e d   d i s t r i b u t i o n   of  c o a l   p a r t i c l e s   s i z e s   i s  

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

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

c o m p r i s e s   u l t r a f i n e   (UF)  p a r t i c l e s   h a v i n g   a  maximum  s i z e   o f  

up  to   a b o u t   10µm  MMD  (mass   mean  d i a m e t e r ) ,   p r e f e r a b l y   a b o u t  

lµm  to   8gm  MMD  and  l a r g e r   p a r t i c l e s   ( F / C )   h a v i n g   a  s i z e  



r a n g e   of   a b o u t   20gm  to   200ym  MMD,  p r e f e r a b l y  a b o u t   20gm  t o  

150µm  MMD.  For   s t a b i l i t y   of   t h e   s l u r r y ,   t h e   UF  p a r t i c l e s  

s h o u l d   c o m p r i s e   a b o u t   10  to   30%  by  w e i g h t   of   t h e   s l u r r y ,  

p r e f e r a b l y   a b o u t   15  to   2 5 % .  

The  a c t u a l   d e g r e e   of  c o a l   l o a d i n g   i s   n o t   c r i t i c a l   a n d  

w i l l   v a r y   w i t h   t h e   g i v e n   u s e   and  o p e r a t i n g   e q u i p m e n t .   T h e  

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

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

UF  and  F/C  p a r t i c l e s ,   s i z e   of  t h e   F/C  p a r t i c l e s   u s e d   w i t h i n  

t h e  e f f e c t i v e   r a n g e ,   and  t h e   l i k e .   In  g e n e r a l ,   p e r c e n t a g e  

l o a d i n g   i n c r e a s e s   w i t h   i n c r e a s i n g   F/C  s i z e .   An  o r g a n i c  

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

s t a b l e   d i s p e r s i o n .   I t   has   b e e n   f o u n d   t h a t   t h e   h i g h l y -  

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

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

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

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

w e i g h t   a l k a l i n e   e a r t h   m e t a l   ( e . g .   Ca,  Mg)  o r g a n o s u l f o n a t e s  

in  w h i c h   t h e   o r g a n i c   m o i e t y   i s   p o l y - f u n c t i o n a l .   M o l e c u l a r  

w e i g h t   of  t h e   o r g a n o s u l f o n a t e   is   d e s i r a b l y   a b o u t   1 , 0 0 0   t o  

2 5 , 0 0 0 .   The  s u r f a c t a n t   i s   u s e d   in  m i n o r   a m o u n t ,   e . g .  
a b o u t   0 . 5   to   5  pph  of  c o a l ,   p r e f e r a b l y   a b o u t   1  to   2  p p h .  

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

i t   ha s   b e e n   f o u n d   d e s i r a b l e   to   add  an  i n o r g a n i c ,   a l k a l i   m e t a l  

( e . g .   Na,  K)  b u f f e r   s a l t   to   s t a b i l i z e   pH  of  t h e   s l u r r y   i n  

t h e   r a n g e   of   f rom  pH  5  to   8,  p r e f e r a b l y   f rom  pH  6  to   7 . 5 .  

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

c h a r a c t e r i s t i c s   of   t h e   s l u r r y .   I t   may  be  t h a t   t h e   b u f f e r  

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

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

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

in  m i n o r   a m o u n t s   s u f f i c i e n t   to   p r o v i d e   t h e   d e s i r e d   pH,  e . g .  
a b o u t   0 . 1   t o   2%  b a s e d   on  t h e   w a t e r .   The  i n o r g a n i c   s a l t s  

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

n o n - g a s e o u s   s u l f u r   c o m p o u n d s .  



The  u l t r a f i n e   and  l a r g e r   F/C  c o a l   p a r t i c l e s ,   w a t e r ,  

d i s p e r s a n t ,   and  i n o r g a n i c   s a l t   c o m p o n e n t s   a r e   m i x e d   in  a  

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

r a t e s .   H i g h   s h e a r   m i x i n g ,   e . g .   a t   s h e a r   r a t e s   of  a t   l e a s t  

a b o u t   100  s e c  1 ,   p r e f e r a b l y   a t   l e a s t   a b o u t   500  s e c - 1 ,   i s  

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

s e d i m e n t a t i o n .   The  u s e   of  h i g h   s h e a r   m i x i n g   and  t h e  

d i s p e r s a n t   a p p e a r s   to   h a v e   a  s y n e r g i s t i c   e f f e c t .   D i s p e r s a n t  

w i t h   low  s h e a r   m i x i n g   r e s u l t s   in  an  e x t r e m e l y   v i s c o u s ,  n o n -  

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

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

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

s t a b l e   s l u r r y   can   be  o b t a i n e d .  

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

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

h a v i n g   a  y i e l d   p o i n t .   In  some  c a s e s ,   t h e   s l u r r i e s   may  g e l  

or   f l o c c u l a t e   when  a t   r e s t   i n t o   a  s u b s t a n t i a l l y   n o n - p o u r a b l e  

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

o t h e r   a p p l i c a t i o n   of   r e l a t i v e l y   low  s h e a r   s t r e s s .   They   c a n  

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

s e t t l i n g   or   s e d i m e n t a t i o n .   The  s l u r r i e s   can   be  e m p l o y e d   a s  

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

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

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

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

b i o d e g r a d e d   w i t h   t i m e .   T h i s   can   r e a d i l y   be  p r e v e n t e d   b y  

a d d i t i o n   of   a  s m a l l   a m o u n t   of   b i o c i d e s .  

The  u l t r a f i n e   c o a l   p a r t i c l e s   can   be  made  in  any  s u i t a b l e  

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

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

t h e   c o a l   i s   m i l l e d   w i t h   w a t e r   so  t h a t   t h e   UF  p a r t i c l e s   a r e  

in  w a t e r   s l u r r y   when  i n t r o d u c e d   i n t o   t h e   m i x e r .   Some  of  t h e  

d i s p e r s a n t   can   be  i n c l u d e d ,   i f   d e s i r e d ,   in  t h e   UF  m i l l i n g  

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

t h e   UF  s l u r r y .  



The  r e q u i r e d   l a r g e r   s i z e   c o a l   p a r t i c l e s   (20µm  to   2 0 0 µ m )  

can   be  made  f rom  c r u s h e d   c o a l   in  a  c o m m i n u t i n g   d e v i c e   s u c h   a s  

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

s i z e d   o p e n i n g s .   E x c e s s i v e l y   s i z e d   c o a l   r e s i d u e   can   be  u s e d  

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

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

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

n o r m a l l y   e q u a l s   9 8 . 5 %   by  w e i g h t   of   b o n e - d r i e d   c o a l .  

The  3 . 6 µ m   MMD  UF  p a r t i c l e s   e m p l o y e d   in  E x a m p l e s   3  -   8  

w e r e   p r e p a r e d   in  a c c o r d a n c e   w i t h   E x a m p l e   1  and  t h e   UF 

p a r t i c l e s   w e r e   i n t r o d u c e d   in  t h e   fo rm  of  t h e   E x a m p l e   1 

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

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

t h e   p o r t i o n   i n t r o d u c e d   in  t h i s   w a y .  
The  34µm  MMD  and  110µm  MMD  p a r t i c l e s   u s e d   in  t h e  

E x a m p l e s   w e r e   p r e p a r e d   in  a c c o r d a n c e   w i t h   E x a m p l e   2 .  

E x a m p l e   1 

50%  by  w t .   c r u s h e d   c o a l ,   1%  c a l c i u m   l i g n o s u l f o n a t e  

( M a r a s p e r s e   C - 2 1 ) a n d   49%  w a t e r   w e r e   b a l l   m i l l e d   f o r   2  h o u r s .  

The  s i z e   of   t h e   r e s u l t i n g   UF  c o a l   p a r t i c l e s   was  3 . 6 µ m   MMD. 

The  UF  c o a l - w a t e r   s l u r r y   was  f l u i d   and  p o u r a b l e .  

E x a m p l e   2  

A.  C r u s h e d   c o a l   was  c o m m i n u t e d   in  a  h a m m e r m i l l   a t  

3 , 4 5 0   RPM  w i t h   a  27  HB  g r a t e .   The  p a r t i c l e   s i z e   of  t h e  

p r o d u c t   was  110µm  MMD. 

B.  C r u s h e d   c o a l   was  c o m m i n u t e d   in  a  h a m m e r m i l l   a t  

1 3 , 8 0 0   RPM  w i t h   a  10  HB  g r a t e .   The  p a r t i c l e   s i z e   of   t h e  

r e s u l t i n g   p r o d u c t   was  34µm  MMD. 

E x a m p l e   3 

A.  65%  by  wt .   of   c o a l   c o m p r i s i n g   55%  110µm  MMD  c o a l  

and  45%  3 . 6 µ m   MMD  c o a l ,   1 ,3%  M a r a s p e r s e   C-21   ( c a l c i u m   l i g n i n g  

s u l f o n a t e )   and  3 3 . 7 %   w a t e r   w e r e   m i x e d   in  a  b l e n d e r   a t   6 , 0 0 0  

RPM  at   a  s h e a r   r a t e   of   1 , 0 0 0   s e c - 1 .   The  r e s u l t i n g   s l u r r y  

was  a  p a i n t - l i k e   g e l   t h a t   s e t   i n t o   a  s o f t   g e l   w h i c h   w a s  

e a s i l y   s t i r r e d   t o  a   l i q u i d .   A f t e r   23  d a y s ,   i t   e x h i b i t e d   n o  



s e d i m e n t a t i o n   and  was  e a s i l y   r e s t i r r a b l e   to   a  u n i f o r m  

d i s p e r s i o n   h a v i n g   r e l a t i v e l y   low  v i s c o s i t y  -   6 . 7 p .  

B.  A  mix  was  made  i d e n t i c a l   to   A  e x c e p t   t h a t   34gm  MMD 

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

t h o u g h   i n i t i a l l y   f l u i d   was  u n s t a b l e .   W i t h i n   3  d a y s   i t  

s e p a r a t e d ,   f o r m i n g   a  l a r g e   s u p e r n a t a n t   and  a  h i g h l y   p a c k e d  
s u b s i d e n c e .   I t   c o u l d   n o t   be  r e m i x e d   i n t o   a  u n i f o r m ,   p o u r a b l e  

d i s p e r s i o n .  

E x a m p l e   4  

A.  A  65%  c o a l   s l u r r y   c o m p r i s i n g   15%  3 . 6 g m   MMD  and  50% 

34gm  MMD  p a r t i c l e s   by  w t .   of   t h e   s l u r r y ,   1 .3%  M a r a s p e r s e   C - 2 1  

and  3 3 . 7 %   w a t e r   w e r e   m i x e d   in  a  b l e n d e r   at   6000   RPM.  T h e  

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

12  d a y s   in  s t o r a g e   e x h i b i t e d   no  s u p e r n a t a n t ,   s u b s i d e n c e   o r  
s e d i m e n t a t i o n .   The  g e l   was  n o n - p o u r a b l e   a t   r e s t   and  b e c a m e  

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

B.  A  mix  was  made  i d e n t i c a l   to   A  e x c e p t   t h a t   t h e  

b l e n d e r   was  r u n   at   a  low  s h e a r   r a t e   of  60  RPM  (10   s e c - 1 ) .  

The  r e s u l t i n g   s l u r r y   was  u n s t a b l e .   W i t h i n   4  d a y s   i t   h a d  

s e p a r a t e d   i n t o   l i q u i d   and  a g g r e g a t e d   s e d i m e n t .  

E x a m p l e   5  

A.  A  65%  c o a l   s l u r r y   c o m p r i s i n g   26%  3 .6µm  MMD  p a r t i c l e s  

and  39%  110µm  MMD  p a r t i c l e s ,   13%  M a r a s p e r s e   C-21   and  3 3 . 7 %  

w a t e r   w e r e   m i x e d   in   a  b l e n d e r   at   6 , 0 0 0   RPM.  The  r e s u l t i n g  

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

and  p o u r a b l e   and  a f t e r   10  d a y s   was  s t i l l   p o u r a b l e   a n d  

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

B.  A  mix  was  made  i d e n t i c a l   to   A  e x c e p t   t h a t   t h e  

b l e n d e r   was  r u n   a t   a  low  s h e a r   r a t e   of  10  s e c - 1 .   T h e  

r e s u l t i n g   s l u r r y   was  u n s t a b l e .   W i t h i n   3  d a y s ,   i t   h a d  

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

E x a m p l e   6  

A  65%  c o a l   s l u r r y   was  made  i d e n t i c a l   to   E x a m p l e   3A 

e x c e p t   t h a t   no  d i s p e r s a n t   was  a d d e d .   The  r e s u l t i n g   p r o d u c t  

had   t h e   c o n s i s t e n c y   of  a  s t i f f   g r e a s e .  



E x a m p l e   7 

A.  A  70%  c o a l   s l u r r y   c o m p r i s i n g   4 5 . 5 %   110µm  MMD 

p a r t i c l e s   and  2 4 . 5 %   3 .6µm  MMD  p a r t i c l e s ,   1 .4%  M a r a s p e r s e   C - 2 1 ,  

and  2 8 . 6 %   w a t e r   s o l u t i o n   b u f f e r e d   to   pH 7  by  0 , 1 5 %   Na2HPO4 
a d d e d   in  t h e   b l e n d e r   was  m i x e d   at   6 , 0 0 0   RPM.  The  r e s u l t i n g  

s l u r r y   has   an  EOM  v i s c o s i t y   of  1 . 4 8   Kp,  i s   f l u i d   a n d  

p o u r a b l e .   A f t e r   7  d a y s   in  s t o r a g e   i t   e x h i b i t e d   no  s u p e r n a t a n t  

l i q u i d ,   s e t t l i n g   or  a g g r e g a t i o n .  

B.  A  mix  was  made  i d e n t i c a l   to   A  e x c e p t   t h a t   p h o s p h a t e  

s a l t   was  n o t   a d d e d .   The  r e s u l t i n g   s l u r r y   s e t   up  i n t o   a  s t i f f  

n o n - p o u r a b l e   mass   w i t h i n   3  d a y s .  

C.  A  mix  i d e n t i c a l   to   A,  e x c e p t   t h a t   t h e   b u f f e r   s a l t  

was  a d d e d   to   t h e   b a l l m i l l   p r o d u c i n g   t h e   UF  p a r t i c l e s ,   w a s  

r u n   in  a  b l e n d e r   at   t h e   low  s h e a r   r a t e   of  60  RPM  (10   s e c - 1 ) .  

The  s l u r r y   was  u n s t a b l e   and  w i t h i n   5  d a y s   s e p a r a t e d   i n t o  

s u p e r n a t a n t   and  s t i f f   a g g r e g a t e d   s e d i m e n t .  

E x a m p l e   8  

A  mix  was  made  i d e n t i c a l   to   E x a m p l e   4A  e x c e p t   t h a t  

N a 2 H P 0 4  i n   a m o u n t   p r o v i d i n g   b u f f e r e d   pH  7  was  a d d e d   in  t h e  

b l e n d e r .   The  r e s u l t i n g   s l u r r y   was  f l u i d   and  p o u r a b l e .   ' I t s  

v i s c o s i t y   was  E O M - T - b a r   0 . 9 2   Kp.  I t   r e t a i n e d   i t s   s t a b i l i t y  

and  p o u r a b i l i t y   d u r i n g   s t o r a g e   and  a f t e r   12  d a y s   was  f r e e  

f rom  s e p a r a t i o n .  

E x a m p l e   9  

A.  30  w t . %   of  h a m m e r m i l l e d   c o a l   f i n e s   (30gm  MMD),  0 . 3 %  

M a r a s p e r s e   C-21   (1  pph  c o a l ) ,   and  6 9 . 7 %   w a t e r   w e r e   m i l l e d   i n  

an  a t t r i t o r   f o r   30  m i n u t e s .   The  r e s u l t i n g   s l u r r y   was  v e r y  

f l u i d .   The  UF  c o a l   p a r t i c l e   s i z e   was  3 . 8 8 µ m   MMD. 

B.  A  65  w t .  %   c o a l   s l u r r y   c o m p r i s i n g   50  w t . %   34µm  MMD 

c o a l   p a r t i c l e s ,   15  w t . % ,   3 . 8 8 µ m   MMD  ( u s i n g   50  w t . %   of  s l u r r y  

f rom  9A  s u p r a ) ,   2  pph  on  c o a l   of  M a r a s p e r s e   C - 2 1 ,   and  t h e  

r e m a i n d e r   w a t e r ,   was  m i x e d   in  a  b l e n d e r   a t   a  s h e a r   r a t e   o f  

6 , 0 0 0   RPM  ( 1 0 0 0   s e e - 1 ) .   The  p r o d u c t   was  a  u n i f o r m l y - d i s p e r s e d ,  

p o u r a b l e   s l u r r y .   A f t e r   56  d a y s   t h e   s l u r r y   was  a  s t a b l e ,   s o f t ,  

n o n - p o u r a b l e   g e l   f r e e   f rom  s e t t l i n g   or   s e d i m e n t a t i o n .   T h e r e  



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

e v a p o r a t i o n   and  c o n d e n s a t i o n   on  t h e   s u r f a c e .   The  t h i x o t r o p i c  

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

r e t u r n e d   t o   a  s t a b l e   n o n - p o u r a b l e   s t a t e   w i t h i n   a  s h o r t   t i m e .  
A f t e r   61  d a y s   i t   r e t a i n e d   i t s   s t a b l e   c h a r a c t e r i s t i c s   a f t e r  

s e v e r a l   s t i r r i n g s   to   p o u r a b i l i t y .  

C.  A  s l u r r y   s i m i l a r   to   9B  was  p r e p a r e d   e x c e p t   t h a t  

t h e   mix  was  b u f f e r e d   to   pH  7  by  t h e   a d d i t i o n   of   Na2HP04 ,   T h e  

p r o d u c t   was  a  u n i f o r m l y - d i s p e r s e d   f l u i d   s l u r r y   of   r e l a t i v e l y  
low  v i s c o s i t y .   A f t e r   55  d a y s   t h e   s l u r r y   was  a  w e a k ,   n o n -  

p o u r a b l e   g e l   f r e e   f rom  s e t t l i n g   or  s e d i m e n t a t i o n .   As  in  9B 

t h e r e   was  a  v e r y   s l i g h t   s u p e r n a t a n t .   Wi th   s l i g h t   s t i r r i n g ,  
i t   b e c a m e   v e r y   f l u i d   and  p o u r a b l e . I t   was  s t i l l   s t a b l e   a n d  

p o u r a b l e   a f t e r   24  h o u r s   a n d ,   a l t h o u g h   s o m e w h a t   more   v i s c o u s ,  
r e t a i n e d   i t s   s t a b i l i t y   and  p o u r a b i l t y   5  d a y s   a f t e r   t h e  

i n i t i a l   s t i r r i n g .  

E x a m p l e   3  d e m o n s t r a t e s   t h e   n e e d   f o r   t h e   UF  p a r t i c l e s  

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

E x a m p l e s   4  and  5  show  t h e   n e e d   f o r   h i g h   s h e a r   r a t e   m i x i n g .  

E x a m p l e   6  s h o w s   t h e   i m p o r t a n c e   of   t h e   d i s p e r s a n t .   E x a m p l e  7  

i l l u s t r a t e s   t h e   i m p r o v e m e n t   made  in  a  h i g h l y - l o a d e d   7 0 %  

s l u r r y   by  u s e   of  an  i n o r g a n i c   b u f f e r   s a l t   and  t h e   a d v e r s e  

e f f e c t   of  low  s h e a r   m i x i n g .   E x a m p l e   8  s h o w s   t h a t   t h e   u se   o f  

t h e   pH  b u f f e r   s a l t   m a i n t a i n e d   t h e   s l u r r y   in  a  s t a b l e   f l u i d  

c o n d i t i o n .   E x a m p l e   9  s h o w s   t h a t   t h e   b u f f e r   s a l t   i m p r o v e d  

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

The  s t a b l e ,   f l u i d   c o a l - w a t e r   s l u r r i e s   a r e   e f f i c i e n t   a n d  

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

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

w i t h   f u e l   o i l ,   as  i s   shown  in  t h e   f o l l o w i n g   T a b l e s :  





1.  A  p r o c e s s   f o r   m a k i n g   s u b s t a n t i a l l y   s t a b l e   c o a l - w a t e r  

s l u r r i e s   c o m p r i s i n g :  

a)  A d m i x i n g :  

( i )   u l t r a f i n e   c o a l   p a r t i c l e s   h a v i n g   a  maximum  s i z e  

of   10µm  MMD  in  an  a m o u n t   c o m p r i s i n g   f rom  10  t o  

30%  by  w e i g h t   of  t h e   s l u r r y ,  

( i i )   l a r g e r   c o a l   p a r t i c l e s   w i t h i n   t h e   s i z e   r a n g e   o f  

f rom  20  to   200µm  MMD  in  an  a m o u n t   s u f f i c i e n t   t o  

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

t h e   s l u r r y ,  

( i i i )   w a t e r ,   a n d ,  

( i v )   a  m i n o r   a m o u n t   of   d i s p e r s a n t   c o n s i s t i n g   e s s e n t i a l -  

ly   of  an  a l k a l i n e   e a r t h   m e t a l   s a l t   of  an  o r g a n o -  
s u l f o n a t e   in   w h i c h   t h e   o r g a n i c   m o i e t y   i s   m u l t i -  

f u n c t i o n a l ,   a n d  

b)  s u b j e c t i n g   t h e   m i x t u r e   to   h i g h   s h e a r   a t   a  r a t e   of  a t  

l e a s t   100  s e c  

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,  in  w h i c h   an  i n o r g a n i c  

a l k a l i   m e t a l   b u f f e r   s a l t   i s   a d d e d   to   m a i n t a i n   pH  in  t h e   r a n g e  

of   f rom  5  t o   8 .  

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,  in  w h i c h   t h e   b u f f e r   s a l t  

i s   an  a l k a l i   m e t a l   p h o s p h a t e .  

4.  A  p r o c e s s   a c c o r d i n g   to   any  one  of  c l a i m s   1,  2  or  3  i n  

w h i c h :  

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

f rom  2  to   8µm  MMD  and  c o m p r i s e   f rom  15  to   25%  by  w t .   o f  

t h e   s l u r r y ;   a n d  

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

f rom  20  to   150µm  MMD. 

5.  A  p r o c e s s   a c c o r d i n g   to   any  one  of   c l a i m s   1  to   4  i n  

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



6.  A  p r o c e s s   a c c o r d i n g   to   any  one  of  c l a i m s   1  to   5  i n  

w h i c h   t h e   min imum  s h e a r   r a t e   is   500  s e c  

7.  A  p r o c e s s   a c c o r d i n g   to   any  one  of  c l a i m s   1  to   6  in  w h i c h  

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

and  a t   l e a s t   a  p o r t i o n   of  t h e   d i s p e r s a n t .  

8.  A  c o a l - w a t e r   s l u r r y   w h i c h   c o m p r i s e s :  

a)  u l t r a f i n e   c o a l   p a r t i c l e s   h a v i n g   a  maximum  s i z e   of  10µm  MMD, 

in  an  a m o u n t   c o m p r i s i n g   f rom  10  to   30%  by  w e i g h t   o f  

s l u r r y ;  

b)  l a r g e r   c o a l   p a r t i c l e s   w i t h i n   t h e   s i z e   r a n g e   of  f rom  20  t o  

200µm  MMD  in  an  a m o u n t   s u f f i c i e n t   to   p r o v i d e   a  d e s i r e d  

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

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

of   an  a l k a l i n e   e a r t h   m e t a l   o r g a n o - s u l f o n a t e   in  w h i c h   t h e  

o r g a n i c   m o i e t y   is   m u l t i - f u n c t i o n a l .  

9.  A  s l u r r y   a c c o r d i n g   to   c l a i m   8  in  w h i c h :  

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

1  to   8µm  MMD,  a n d ,  

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

20  to   150µm  MMD. 

10.  A  s l u r r y   a c c o r d i n g   to   c l a i m   8  or  9  in  w h i c h   t h e   d i s p e r s a n t  

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

11.   A  s l u r r y   a c c o r d i n g   to   any  one  of  c l a i m s   8  to   10  w h i c h  

is   b u f f e r e d   to   a  pH  of  f rom  5  to   8  by  means   of  an  i n o r g a n i c  

a l k a l i   m e t a l   b u f f e r   s a l t .  

12.   A  s l u r r y   a c c o r d i n g   to   any  one  of  c l a i m s   8  to   11  i n  

w h i c h   t h e   b u f f e r   s a l t   i s   an  a l k a l i   m e t a l   p h o s p h a t e .  

13.   A  s l u r r y   a c c o r d i n g   to   any  one  of  c l a i m s   1  to   12  i n  

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

f l u i d .  
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