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5̂)  Process  for  producing  a  high  concentration  coal-water  slurry. 

(57)  A  process  for  producing  a  coal-water  slurry  having  a 
high  coal  concentration,  a  low  viscosity  and  a  good  stability 
is  provided,  which  process  comprises  causing  the  slurry  to 
have  a  composition  of  coal  particles  so  that  when  the 
particles  are  divided  into  8  fractions,  each  having  a  particle 
diameter  range  listed  below,  then  the  proportions  by  weight 
of  the  particles  contained  in  the  respective  fractions,  relative 
to  the  total  weight  of  the  particles  contained  in  the  slurry  can 
fall  within  the  following  numeral  value  ranges:- 

F,:  (DL/4  to  DL)  —  29.0  to  50.0  %  by  weight 
F2:  (DL/42  to  less  than  DL/4)-~  20.0  to  25.0  %  by  weight 

^   F3:  (Du/43  to  less  than  Du/42)-  12.0  to  15.0  %  by  weight 
F4:  (DL/44  to  less  than  DL/43)  —  6.0  to  10.0  %  by  weight ^   F5:  (DL/4S  to  less  than  DL/4")  —  3.0  to  12.0  %  by  weight 

q   F6:  (DL/46  to  less  than  DL/45)  —  1.5  to  5.2  %  by  weight 
If)  F7:  (DL/47  to  less  than  DL/46)  —  0.8  to  4.0  %  by  weight 
flr)  F8:  (DL/47  to  0)  —  0.7  to  9.0  %  by  weight 

If)  wherein  DL  represents  the  maximum  particle  diameter. 
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F,:  (DL/4  to  DL) 
F2:  (DL/42  to  less  than  DL/4)~- 
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  A  process  for  producing  a  coal-water  slurry  having  a 
high  coal  concentration,  a  low  viscosity  and  a  good  stability 
is  provided,  which  process  comprises  causing  the  slurry  to 
have  a  composition  of  coal  particles  so  that  when  the 
particles  are  divided  into  8  fractions,  each  having  a  particle 
diameter  range  listed  below,  then  the  proportions  by  weight 
of  the  particles  contained  in  the  respective  fractions,  relative 
to  the  total  weight  of  the  particles  contained  in  the  slurry  can 
fall  within  the  following  numeral  value  ranges: 

F,:  (DL/4  to  DL)  ---  29.0  to  50.0  %  by  weight 
F2:  (DL/42  to  less  than  DL/4)---  20.0  to  25.0  %  by  weight 
F3:  (DL/43  to  less  than  DL/42)--  12.0  to  15.0  %  by  weight 
F4:  (DL/44  to  less  than  DL/43)  ---  6.0  to  10.0  %  by  weight 
F5:  (DL/45  to  less  than  DL/44)  ---  3.0  to  12.0  %  by  weight 
F6:  (DL/46  to  less  than  DL/45)  ---  1.5  to  5.2  %  by  weight 
F7:  (DL/47  to  less  than  DL/46)  ---  0.8  to  4.0  %  by  weight 
Fe:  (DL/47  to  0)  ---  0.7  to  9.0  %  by  weight 

wherein  DL  represents  the  maximum  particle  diameter. 



This  i nven t ion   r e l a t e s   to  a  c o a l - w a t e r   s l u r r y ,   and more  p a r t i c u l a r l y   i t  

r e l a t e s   to  a  p rocess   for  p roducing   a  c o a l - w a t e r   s l u r r y   having  a  good 

s t a b i l i t y ,   a  high  coal  c o n c e n t r a t i o n  a n d   a  low  v i s c o s i t y   with  minimal  

s e t t l i n g s .  

Recent ly   coal  has  come  to  be  a c t i v e l y   used  in  place  o f  p e t r o l e u m   m a i n l y  

at  thermal  power  s t a t i o n s .   However,  coal  in  the  form of   so l id   fuel  i s  

d i f f i c u l t   to  handle;   hence  a  l a rge   t r a n s p o r t   cost   is  r equ i r ed   which  i s  

a . g r e a t   i n f l uence   on  the  cos t   of  coal  i t s e l f .   Thus  t e c h n i q u e s   by  w h i c h  

coal  is  s l u r r i e d   to  make  i t   p o s s i b l e   to  handle  coal  in  the  form  o f  

f l u i d  h a v e   been  e n e r g e t i c a l l y   developed.   One  of  the  p roducts   t h u s  

developed  is  a  mix ture   of  heavy  oil  with  coal  (Coal  and  Oil  M i x t u r e s ,  

h e r e i n a f t e r   r e f e r r e d   to  as  "COM").  In  the  case  of  COM,  however,  t h e  

r a t i o   by  weight  of  heavy  oil  t o  coa l   is  about  1 :   1;  thus  COM  cannot  b e  

regarded   as  a   o i l - f r e e   fuel  and  also  i t s   mer i t   in  r e s p e c t   of  c o s t  i s  

small .   Fu r the r ,   methacoal   i n  t h e   form  of  a  mixture   of  methanol  w i t h  

coal  also  has  a  high  c o s t ;   hence  i t   has  not  yet   been  p r a c t i c a l l y  u s e d .  

On  the  other   hand,  CWM in  the  form  of  a   mixture   of  coal  with  w a t e r  

(CWM:  a b b r e v i a t i o n   of  Coal -Water   Mixtures)   i s  



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

r e c e n t l y   b e e n   g r e a t l y   n o t e d .   H o w e v e r ,   a  p r o b l e m   r a i s e d   i n  

t h e   c o m b u s t i o n   of   CWM  i s   w a t e r   c o n t e n t   in   CWM.  Even   as   f a r  

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

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

t h e   c a s e  o f   d i r e c t   c o m b u s t i o n ,   a  w a t e r  c o n t e n t  o f   30 %  o r  

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

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

i t   i s   t r a n s p o r t e d   by  way  o f   p i p e l i n e   o r   t h e   l i k e ,   t h e  

p r e s s u r e   l o s s   i n c r e a s e s .  

F u r t h e r ,   when CWM  i s   p r a c t i c a l l y   u s e d ,   a  p r o b l e m   o f  

s t o r a g e   i s   a l s o   r a i s e d .   When  CWM  i s   s t o r e d   in   a  u s u a l   t a n k ,  

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

s i n c e   CWM  c o n s i s t s   o f   c o a l   p a r t i c l e s   and   w a t e r ,   i t   i s  

p r e f e r r e d   to   r e d u c e   t h e i r   p a r t i c l e   d i a m e t e r ,   in   o r d e r   t o  

i n h i b i t   c o a l   p a r t i c l e s   f r o m   s e t t l i n g   as  much  as  p o s s i b l e .  

H o w e v e r ,   t h e r e   i s   a  t e n d e n c y   t h a t   when  t h e   p a r t i c l e   d i a m e t e r  

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

In   o r d e r   to   o v e r c o m e   s u c h   d r a w b a c k s ,   i t   h a s   b e e n  

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

c o a l   p a r t i c l e s   t o   t h e r e b y   p r e p a r e   a CWM  of   t h e   s o - c a l l e d  " g o o d  

s t a b i l i t y ' h a v i n g   a  h i g h   c o a l   c o n c e n t r a t i o n   a n d . a   low  v i s c o s i t y  

w i t h   m i n i m a l   s e t t l i n g s .   H o w e v e r ,   c o a l   p a r t i c l e s   a r e   n o t  

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

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

a  m e t h o d   by  m e a n s   o f   s i e v e s ,  a   s e t t l i n g   m e t h o d   r e p r e s e n t e d   b y  t h e  

" A n d r e a s e n   P i p e t t e , "  a   m e t h o d   of   a n a l y z i n g   t h e   p a r t i c l e   s h a p e s  



by  way  of  p h o t o g r a p h s   of  SEM  ( S c a n n i n g   E l e c t r o n   M i c r o s c o p e )  

to   c a l c u l a t e   t h e i r   r e p r e s e n t a t i v e   d i a m e t e r ,   e t c .   T h u s ,   t h e  

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

t h e   m e a s u r e m e n t   m e t h o d s .   T h i s   c a u s e s   e r r o r s   i n  a d j u s t i n g  

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

to   p r o d u c e   a  CWM  h a v i n g   a  h i g h   c o a l   c o n c e n t r a t i o n ,   a  l o w  

v i s c o s i t y   and   a  g o o d   s t a b i l i t y .  

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

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

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

d i a m e t e r   d i s t r i b u t i o n   r e g a r d e d   as  m o s t   a d e q u a t e ,   and  h a v e  

made  e x t e n s i v e   r e s e a r c h .   As  a  r e s u l t ,   we  h a v e   s u c c e e d e d   i n  

o b t a i n i n g   t h e   o b j e c t i v e   CWM  h a v i n g   a  h i g h   c o a l   c o n c e n t r a t i o n ,  

a  low  v i s c o s i t y   and  a  good  s t a b i l i t y .  

The  o b j e c t  o f   t h e   p r e s e n t   i n v e n t i o n   i s   t o   p r o v i d e   a  

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

c o n c e n t r a t i o n ,   a  low  v i s c o s i t y   and  a  good   s t a b i l i t y .  

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

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

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

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

p a r t i c l - e   d i a m e t e r   d i s t r i b u t i o n   i s   a d j u s t e d   so  as  to   r e d u c e  

t h e . v i s c o s i t y   of  a  c o a l - w a t e r  s l u r r y   a t   h i g h   c o a l  

c o n c e n t r a t i o n s   and  make  p a r t i c l e   s e t t l i n g   min imum  i . e .   i m p r o v e  

t h e   s o - c a l l e d   s t a b i l i t y .  



A c c o r d i n g l y ,   the  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  p rocess   for  producing  a 

c o a l - w a t e r   s l u r r y  h a v i n g   coal  p a r t i c l e s   d i s p e r s e d   in  w a t e r ,   which  

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

p a r t i c l e s ,   so  t h a t   when  the  coal  p a r t i c l e s   are  d iv ided   in to   8  f r a c t i o n s  

F 1 ,   F2,  - - - - - - -   and  Fg),  e a c h  h a v i n g   a  p a r t i c l e   d i a m e t e r   range  l i s t e d  

below  ( ( f rom  DL/4  to  DL),  (from  DL/42  to  l e s s   than  DL/4),  - - - - -   ( f rom 

DL/47  to  0),   where in   DL  r e p r e s e n t s   the  maximum  p a r t i c l e   d i ame te r   of  t h e  

coal  p a r t i c l e s ) ,   then  the  p r o p o r t i o n s   by  weight   of  the  coal  p a r t i c l e s  

c o n t a i n e d   in  the  r e s p e c t i v e   f r a c t i o n s ,   r e l a t i v e   to  the  t o t a l   weight   o f  

the  coal  p a r t i c l e s   c o n t a i n e d   in  the  s l u r r y   f a l l   w i th in   the  f o l l o w i n g  

numer ica l   va lue   r a n g e s :  

F1:  (DL/4  to  DL)  29.0  to  50.0%  by  w e i g h t  

F2:  (DL/42  to  l e s s   than  DL/4)  20.0  to  25.0%  by  w e i g h t  

F3:  (DL/43  to  l e s s   than  DL/42)  12.0  to  15.0%  by  w e i g h t  

F4:  (DL/44  to  l e s s   than  DL/43)  6.0  to  10.0%  by  w e i g h t  

F5:  (DL/45  to  l e s s   than  DL/44)  3.0  to  12.0%  by  w e i g h t  

F6:  (DL/46  to  l e s s   than  DL/45)   1.5  to  5.2%  by  w e i g h t  

F7:  (DL/47  t o  l e s s   than  DL/46)  0.8  to  4.0%  by  w e i g h t  

F8:  (DL/47  to  0)  0.7  to  9.0%  by  w e i g h t  

Embodiments  of  the  p r e s e n t   i n v e n t i o n   wil l   now  be  d e s c r i b e d   by  w a y  o f  

example  only  with  r e f e r e n c e   to  the  accompanying  d rawings ,   in  w h i c h :  

Fig.  1  shows  a  c h a r t   i l l u s t r a t i n g   the  p a r t i c l e   s i z e s   of  low  v i s c o s i t y  

s l u r r i e s   and  c u m u l a t i v e   p a r t i c l e s   d i ame te r   d i s t r i b u t i o n s   t h e r e o f   when 

p roduced   in  a cco rdance   with  the  p r e s e n t   i n v e n t i o n .  



F i g .   2  s h o w s   a  b a r   c h a r t   i l l u s t r a t i n g   p a r t i c l e  

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

f r a c t i o n s .  

F i g .   3  shows   a  d i a g r a m   i l l u s t r a t i n g   t h e   r e l a t i o n s h i p  

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

F i g .   4  shows   a  c h a r t   i l l u s t r a t i n g   t h e   r e l a t i o n s h i p   b e t w e e n  

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

F i g .   5  s h o w s  a   c h a r t   i l l u s t r a t i n g   t h e   r e l a t i o n s h i p  

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

F i g .   6  shows   a  c h a r t   i l l u s t r a t i n g - t h e - r e l a t i o n s h i p  

b e t w e e e n   pH  and  v i s c o s i t y .  

F i g .  7   shows   a  c h a r t   i l l u s t r a t i n g   t h e   r e l a t i o n s h i p  

b e t w e e n   t h e   a m o u n t   of   u l t r a f i n e   p a r t i c l e s   of  0 . 0 5  µ m   or  l e s s  

a d d e d   and   s t a b i l i t y .  

F i g .   8  shows   a  v i e w   o f  p i p i n g   s y s t e m   i l l u s t r a t i n g   a n  

e m b o d i m e n t   of  an  a p p a r a t u s   f o r   p r o d u c i n g   CWM. 

F i g s . 9   and  10  e a c h   show  a  c h a r t   i l l u s t r a t i n g   t h e   p a r t i c l e  

d i a m e t e r   of  s l u r r y   p r o d u c e d   by  t he   a p p a r a t u s   of  F i g .   8  a n d  

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

The  p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   r e f e r r i n g   to   t h e  

a c c o m p a n y i n g   d r a w i n g s .  

C o a l   i s   g r o u n d   in  wet   or  d ry   m a n n e r   by  m e a n s   of  a  m i l l  

and  a  p a r t   of  t h e   r e s u l t i n g   p a r t i c l e s   i s   t a k e n   to   m e a s u r e  

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

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

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

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



s e t t i n g   of   t h e   s l u r r y .   Thus  in   an  e x a m p l e ,   t h e   p a r t i c l e s   w e r e  

d i v i d e d   i n t o   t h e   f o l l o w i n g   8  f r a c t i o n s   ( e a c h   a  c o n s t i t u e n t  

p a r t   as  a  g r o u p ) ,   and  t h e   r e s p e c t i v e   f r a c t i o n s   w e r e   e a c h  

s i e v e d   by  a  s i e v e   m o s t   a d e q u a t e   t h e r e t o   ( e . g .   s i e v e   a c c o r d i n g  

to   J I S   s t a n d a r d s   o r   m i l l i p o r e   f i l t e r  h a v i n g - t h e   p a r t i c l e  

d i a m e t e r   w e l l   a d j u s t e d  )   to   m e a s u r e   t h e   w e i g h t   of   t h e  

f r a c t i o n .  

In   t h e   f o l l o w i n g   l i s t ,   DL  r e p r e s e n t s   t h e   m a x i m u m  

p a r t i c l e   d i a m e t e r   of  p a r t i c l e s .   F1  to  F8  r e p r e s e n t   s y m b o l s  

of  t h e   r e s p e c t i v e   f r a c t i o n s .  

P a r t i c l e   d i a m e t e r   r a n g e  

F1 :   f r o m   DL/4   to   DL 

F2:   f r o m   D L / 4 2  t o   l e s s   t h a n   D L / 4  

F3:   f r o m   D L / 4 3  t o   l e s s   t h a n   D L / 4 2  

F4 :   f r o m   D L / 4 4   to  l e s s  t h a n   D L / 4 3  

F5:   f r o m   D L / 4 5  t o   l e s s   t h a n   D L / 4 4  

F6:   f r o m   D L / 4 6  t o   l e s s   t h a n   D L / 4 5  

F 7 :  f r o m   D L / 4 7  t o   l e s s   t h a n   D L / 4 6  

F8:   f r o m   D L / 4 7  t o   0  

In  t h e   p r e s e n t   i n v e n t i o n ,   p a r t i c l e s   w e r e   d i v i d e d   i n t o   8 

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

a l w a y s   l i m i t e d   to   8,  b u t   p r a c t i c a l l y   i t   m a y  b e  f r o m   5  to  1 5  

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

More   t h a n   one   k i n d   of   c o a l   or   c o a l   s l u r r y   w e r e   m i x e d  

so  t h a t   t h e   c o n s t i t u e n t   p r o p o r t i o n s   by  w e i g h t   of   F1  to  F 8  

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

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



t h e i r   v i s c o s i t i e s .   I n  t h i s   c a s e ,   i f   t h e  m a x i m u m   p a r t i c l e  

d i a m e t e r   DL  i s   t o o   l a r g e ,   t h e   a m o u n t   of  u n b u r n e d   m a t t e r   a t  

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

t h e   s l u r r y   v i s c o s i t y   i n c r e a s e s ;   h e n c e   t h e   maximum  p a r t i c l e  

d i a m e t e r   DL  was  made  f r o m   44  to   4 2 0  µ m .  

F u r t h e r ,   a  c e r t a i n   k i n d   of   c o a l   was  c h o s e n   and   t h e  

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

u p o n   v i s c o s i t y .   F u r t h e r ,   when  p r o p o r t i o n s   of   f r a c t i o n s  

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

c u m u l a t i v e   d i s t r i b u t i o n s ,   a  t e n d e n c y   w a s  f o u n d .   F i g .   1 

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

p a r t i c l e   d i a m e t e r   and  t h e   c u m u l a t i v e   s i e v e   p a s s   w e i g h t  

p r o p o r t i o n   in   t h e   c a s e   w h e r e  t h r e e   k i n d s   of  s l u r r i e s   ( N o . l t o  

N o . 3 )   w e r e   p r e p a r e d   f r o m   c o a l   A  ( b i t u m i n o u s   c o a l ,   a s h  c o n t e n t  

9 .5   %).  T h e r e   a r e   shown  c u m u l a t i v e   p a r t i c l e   d i a m e t e r  

d i s t r i b u t i o n s   in  t h e   c a s e   of   a  c o a l   c o n c e n t r a t i o n   of   70 %  a n d  

1 , 0 0 0   cP  or   l e s s .   In  t h i s   c a s e ,   t h e   p a r t i c l e   d i a m e t e r  D   is  297 µm 

and   o n l y   d i s t r i b u t i o n s   of  p a r t i c l e   s i z e s   of  1  jam  or   l a r g e r   a r e  

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

o b t a i n e d   when  an  i n n e r   c y l i n d e r - r o t a t i o n   t y p e   v i s c o m e t e r   w a s  

r o t a t e d  a t   a  s h e a r   r a t e   of  9 0   s e c - 1   f o r  5   m i n u t e s .   I t   i s   s e e n  

f r o m   F i g .   1  t h a t   t h e   p r o p o r t i o n s   in   t h e   c a s e   of   1 µm  or   m o r e  

e a c h   c o n s t i t u t e   a  n e a r l y   s t r a i g h t   l i n e .   F u r t h e r ,   when  t h e  

c u m u l a t i v e   s i e v e   w e i g h t   p r o p o r t i o n   U(D)%  i s   100  %  a t   D  =  DL,  D s 

( m i n i m u m   p a r t i c l e   d i a m e t e r )   a t   w h i c h   U ( D )  =   0 %  s h o u l d   b e  

p r e s e n t .   T h u s ,   we  p r o p o s e   t h e   f o l l o w i n g   e q u a t i o n s   (1)  and  (2 )  

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



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

v i s c o s i t y   a t   a  h i g h   c o a l   c o n c e n t r a t i o n :  

w h e r e i n   q  r e p r e s e n t s   an  i n d e x .  

I n   b o t h   t h e   e q u a t i o n   (1)  and   ( 2 ) ,   when  D  =  DL,  U ( D )  =   1 0 0 % ,  

a n d   when   D  =  Ds,   U ( D )  =   0  %.  T h a t   i s ,   t h e s e   e q u a t i o n s  

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

I f   Ds  =  0  in   t h e   e q u a t i o n   (1)  and  ( 2 ) ,   t h e   e q u a t i o n s  

b o t h   g i v e   t h e   f o l l o w i n g   e q u a t i o n   ( 3 ) :  

T h i s   e q u a t i o n   (3)  c o r r e s p o n d s   to   A n d r e a s e n ' s   e q u a t i o n  

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

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

p a r t i c l e   s i z e   s y s t e m .   As  t o   t h i s   A n d r e a s e n ' s   e q u a t i o n ,  

s t u d i e s   w e r e   made  in   t h e   p a s t ,   and   i t   was  c o n f i r m e d   t h a t   w h e n  q =  

f r o m  0 . 3 5   t o  0 . 4 0 ,   t h e   p e r c e n t a g e   p a c k i n g   a t t a i n s   t h e   m a x i m u m .  

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

s h a p e s ,   and   as   to   t h e   s y s t e m a t i c   r e l a t i o n s h i p   b e t w e e n   t h e   q  

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

s l u r r y ,   no  s tudy  h a s   e v e r   b e e n   m a d e .   F u r t h e r ,   A n d r e a s e n ' s  

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



h a v i n g   an  i n f i n i t e s i m a l   p a r t i c l e   d i a m e t e r   w e r e   p r e s u m e d ,   b u t  

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

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

t h a t   t h e   e q u a t i o n   (1)  and  (2)  c o r r e s p o n d   w e l l   t o  p r a c t i c a l  

d i s t r i b u t i o n s .  

F i g .   2  s h o w s   t h e   w e i g h t   p r o p o r t i o n s   of  t h e   r e s p e c t i v e  

f r a c t i o n s   in  t h e   c a s e  w h e r e   DL  =  297  µm,  Ds  =  0 . 0 1   µm  a n d  

q   =  0 .3   in  t h e   e q u a t i o n s   (1)  and  ( 2 ) .   In  t h i s   c a s e ,   in   o r d e r  

to  c o m p a r e   t h e   p a r t i c l e   d i a m e t e r s   more   s t r i c t l y ,   p a r t i c l e s  

w e r e   d i v i d e d   i n t o   t h e   f o l l o w i n g   15  f r a c t i o n s   ( d o t t e d   l i n e s  

in  F i g .   2  i n d i c a t e   t h e   c a s e   of  t h e   e q u a t i o n   (2)  and  s o l i d  

l i n e s   t h e r e i n   i n d i c a t e   t h e   c a s e   of  t h e   e q u a t i o n   ( 1 ) ) :  

P a r t i c l e   d i a m e t e r   r a n g e  

(1)  F1:   f r o m   DL/2  to   D 

(2)  F2:   f r o m   DL/22  to   l e s s   t h a n   D L / 2  

(3)  F3 :   f r o m   DL/23  to   l e s s   t h a n   D L / 2 2  

(4)  F  :   f r o m   D L / 2 4  t o   l e s s   t h a n   DL / 2 3  

(5)  F 5 :   f r o m   DL/25  to   l e s s   t h a n   D L / 2 4  

(6)  F6:   f r o m   DL/26  to   l e s s   t h a n   D L / 2 5  

(7)  F7:   f r o m   DL/27  t o   l e s s   t h a n   D L / 2 6  

(8)  F8:   f r o m   DL/28  to   l e s s   t h a n   DL / 2 7  

( 9 )  F 9 :   f r o m   DL/29  to   l e s s   t h a n   D L / 2 8  

(10)  F 1 0 :   f r o m   D L / 2 1 0  t o   l e s s   t h a n   D L / 2 9  

(11)  F 1 1 :   f r o m   D L / 2 1 1  t o   l e s s   t h a n   D L / 2 1 0  

( 1 2 )   F 1 2 :   f r o m   D L / 2 1 2  t o   l e s s   t h a n   D L / 2 1 1  

(13)  F 1 3 :   f r o m   D L / 2 1 3  t o   l e s s   t h a n   D L / 2 1 2  

(14)  F 1 4 :   f r o m   D L / 2 1 4  t o  l e s s   t h a n   D L / 2 1 3  

(15)  F15 :   f r o m   D L / 2 1 4  t o   0  



I t   i s   s e e n   t h a t   t h e   c a s e   of   t h e   e q u a t i o n   (1)  i s   d i f f e r e n t  

f r o m   t h a t   o f   t h e   e q u a t i o n   (2)  in  t h a t   t h e   p r o p o r t i o n   of  f i n e l y  

d i v i d e d   p a r t i c l e s   i s   h i g h e r   and  t h e r e   a r e   m i n i m u m   p o i n t s   F 1 3  

a n d   F14  w h e r e   t h e   w e i g h t   p r o p o r t i o n   b e c o m e s   m i n i m u m .  

T h u s ,   t h e   p r e s e n t   i n v e n t o r s   v a r i e d   t h e   v a l u e s   of  DL,  D s  

a n d   q  in   t h e   e q u a t i o n s   ( l)   a n d   (2)  to   s t u d y   t h e i r  i n f l u e n c e s  

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

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

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

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

1 , 0 0 0  µ m   to   0 . 0 0 5   µm  s u b s t a n t i a l l y   s a t i s f i e s   t h e   f o l l o w i n g  

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

(2)  DL  =  f r o m   44  to  1 , 0 0 0  µ m  

(3)  D S  =   f r o m   0 . 0 0 5   to  0 . 1  µ m  

(4)  q  =  f r o m   0 . 2 5   to   0 . 5 0  

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

p a r t i c l e s ;   DL,  t h e   maximum  p a r t i c l e   d i a m e t e r   t h e r e o f  ;   D S '  

t h e   m i n i m u m   p a r t i c l e   d i a m e t e r   t h e r e o f ;   a n d   q ,   an  i n d e x .  

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

c o a l   p a r t i c l e s   o f   1  µ m   or   l e s s   c a n  b e   p r e s e n t   i n  a n  

a m o u n t   o f   f r o m   5  to   46  %  by  w e i g h t   and   t h o s e   of   0 . 0 5  µ m  o r  

l e s s   c a n   be  p r e s e n t   i n   an  a m o u n t   of   0 . 5  %   o r   m o r e ,   m o r e  

p r e f e r a b l y   1 %  o r   m o r e .  



F u r t h e r ,   i t   is  p r e f e r a b l e   tha t   the  c o a l - w a t e r   s l u r ry   has  a  coal  c o n t e n t  

of  60  to  80%  by  weight   and  a  v i s c o s i t y   of  5,000  cP  or  l e s s ,   in  terms  o f  

numerical  va lues   o b t a i n e d   when  an  inner   c y l i n d e r - r o t a t i o n   t y p e  

v i scomete r   is  r o t a t e d   at  a  shear  ra te   of  90  sec-1  for  5  m i n u t e s .  

A  c o a l - w a t e r   s l u r r y   when  produced  by  the  process   of  the  p r e s e n t  
inven t ion   may  con ta in   at  l e a s t   one  kind  of  anionic   d i s p e r s a n t   s e l e c t e d  

from  the  group  c o n s i s t i n g   of  n a p h t h a l e n e s u l f o n i c   acid,   o r t h o p h o s p h o r i c  

acid ,   po lyphosphor i c   acids   r e p r e s e n t e d   by  Hn+2PnO2n+1  (n =  2)  o r  
HnPnO2n (n @  3),  t a r t a r i c   ac id ,   oxa l i c   ac id ,   c i t r i c   a c i d ,  

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

of  the  f o r e g o i n g ,   t a n n i n s   i n c l u d i n g   g u e b r a c h o - t a n n i n   and  metal  s a l t s   o f  

c a r b o x y m e t h y l c e l l u l o s e ,   as  a  d i s p e r s a n t   for  coal  p a r t i c l e s   in  an  amount 

of  3 %  by  w e i g h t ,  o r   l e s s ,   p r e f e r a b l y   1.5%  or  l e s s ,   based  on  the  w e i g h t  
of  the  c o a l .  

F u r t h e r ,   at  l e a s t   one  kind  of  p H - a d j u s t o r   s e l e c t e d   from  the  g roup  
c o n s i s t i n g   of  sodium  hydrox ide ,   po ta s s ium  hydroxide ,   barium  h y d r o x i d e  

and  sodium  ca rbona t e   may  be  added  to  the  s l u r r y   as  a  p H - a d j u s t o r   f o r  

render ing   the  pH  value  o f  t h e   s l u r r y   7  o r  more ,   in  an amount  of  3%  o r  

l e s s ,   p r e f e r a b l y  1 . 5 %   or  l e s s ,   based  on   the  coal  w e i g h t .  

The  p re sen t   i n v e n t i o n   will   be  d e s c r i b e d   in  more  de ta i l   by  way  o f  

Examples .  

Example  1 

With  coal  A  (b i tuminous   coa l ,   ash  c o n t e n t   9.5%),  the  p r o p o r t i o n s   of  t h e  

r e s p e c t i v e   f r a c t i o n s   were  a d j u s t e d  



a c c o r d i n g   t o   t h e   a b o v e - m e n t i o n e d   m e t h o d   to   p r e p a r e   20  k i n d s  

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

c o r e e s p o n d i n g   t o   DL  =  297  µm  and   149  µm,  DS  =  0 . 0 1   µm  a n d  

q  =  0 . 1 5 ,   0 . 2 0 .   0 . 2 5 ,   0 . 3 0 ,   0 . 3 5 ,   0 . 4 0 ,   0 . 4 5 ,   0 . 5 0 ,   0 . 5 5   a n d  

0 . 6 0   in   t h e   e q u a t i o n   ( 1 ) ,   f o l l o w e d   by  p r e p a r i n g   a  s l u r r y  

h a v i n g   a  c o a l   c o n c e n t r a t i o n   of   72 %  by  a d j u s t i n g  t h e   w a t e r   c o n -  

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

n a p h t h a l e n e s u l f o n a t e   as   d i s p e r s a n t   in   an  a m o u n t   of   0 . 5   % 

b a s e d   on  t h e   c o a l   w e i g h t   a n d   s o d i u m   h y d r o x i d e   as   pH  a d j u s t o r  

in   an  a m o u n t   of   0 . 1   %  b a s e d   t h e r e o n   and  m e a s u r i n g   t h e i r   s l u r r y  

v i s c o s i t i e s .   The  r e s u l t s   a r e   shown  in  F i g .   3.  I t   was  o b s e r v e d  

t h a t   t h e   v i s c o s i t i e s   b e c a m e   m i n i m u m   a t   q  = f r o m   0 . 4 0   to   0 . 4 5  

i r r e s p e c t i v e   of   D .  

The  same   s t u d i e s   w e r e   made   as   t o   t h e   e q u a t i o n   (2)  t o  

s i m i l a r l y   g i v e   t h e   m i n i m u m   v i s c o s i t i e s   a t  q   =  f r o m   0 . 4 0   to   0 . 4 5 .  

F u r t h e r ,   i t   was  o b s e r v e d   t h a t   t h e   v i s c o s i t y   v a l u e s ,   t o o ,  

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

o f   DL,  DS  a n d   q .  

F u r t h e r ,   t h e   same  s t u d i e s   w e r e   made  on  o t h e r   k i n d s   o f  

c o a l s   t o   g i v e   t h e   m i n i m u m   v i s c o s i t i e s   a t  q  =  f r o m   0 . 4 0   t o   0 . 5 0  

E x a m p l e   2 

W i t h   t h e   same  s l u r r i e s   as   in   E x a m p l e   1r,  t h e i r   s t a b i l i t i e s  

w e r e   s t u d i e d .   E a c h   of   t h e   s l u r r i e s   was  p l a c e d   in   a  5 0 0  m l  

g r a d u a t e d   c y l i n d e r   up  t o   a  d e p t h   o f   170  mm,  f o l l o w e d   b y  

a l l o w i n g   a  g l a s s   s t i c k   of   5  mm  in   d i a m e t e r   and   10  g  in   w e i g h t  

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

c h a n g e   in   t h e   p e n e t r a t i o n   t i m e   d u r i n g   w h i c h   t h e   s t i c k   r e a c h e d  



t h e   b o t t o m   of  t h e   c y l i n d e r .   F i g .   4  shows   t h e   r e l a t i o n s h i p  

b e t w e e n   t h e   p e n e t r a t i o n   t i m e   a t   t h e   t i m e   when  30  d a y s  

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

t i m e  j u s t   a f t e r   t h e   p r e p a r a t i o n   b e i n g  m a d e ) ,   and   t h e   q  v a l u e .  

N a m e l y   F i g .   4  shows   c o m p a r i s o n   of  s t a b i l i t i e s   as   to   t h e  

s l u r r i e s   h a v i n g   v i s c o s i t i e s   shown  in  F i g .   3  and   DL =  297  µ m .  

The  p e n e t r a t i o n   t i m e   b e c a m e  m i n i m u m   a t   q  =  f r o m   0 . 2 5   to  0 . 3 5 ,  

.  and   i t   i s   s e e n   t h a t   t h e   p e n e t r a t i o n   t i m e  i s   s h o r t e r   and  t h e  

s t a b l i l i t y   i s   s u p e r i o r   in  t h e   c a s e   of  t h e  e q u a t i o n   (1)  a s  

c o m p a r e d   w i t h   t h o s e   in   t h e   c a s e   of  t h e   e q u a t i o n   ( 2 ) .  

O t h e r   k i n d s   of  c o a l s   w e r e   s t u d i e d   v a r y i n g   CL,  e t c .   t o  

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

I t   was  f o u n d   t h r o u g h  E x a m p l e s   1  and  2  t h a t   s l u r r i e s  

a c c o r d i n g   t o   t h e   e q u a t i o n   (1)  w e r e   s u p e r i o r   in   s t a b i l i t y   t o  

t h o s e   a c c o r d i n g   to   t h e   e q u a t i o n   (2)  and  t h e y   e x h i b i t e d   e q u a l  

v a l u e s   as   to   v i s c o s i t y .   F u r t h e r   i t   w a s  f o u n d   t h a t   in  v i e w   o f  

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

q  =  f r o m   0 . 2 5   to   0 . 5 0   i n  t h e   e q u a t i o n   ( 1 )  w e r e   p r e f e r a b l e .  

E x a m p l e   3 

W i t h  c o a l   B  ( b i t u m i n o u s   c o a l ,  a s h   c o n t e n t  1 3 . 6   % ) ,  

E x a m p l e   1  w a s  r e p e a t e d   to   p r e p a r e  a   s l u r r y   h a v i n g   a  p a r t i c l e  

d i a m e t e r   d i s t r i b u t i o n   c o r r e s p o n d i n g  t o   DL  =  2 9 7   pm,  Ds  =  0 . 0 1  

µ m  a n d   q  =   0 . 4 0   in   t h e   e q u a t i o n   (1)  and  a  c o a l   c o n c e n t r a t i o n  

of  70  %.  A  c o n d e n s a t e   of  s o d i u m   n a p n t h a l i n e s u l f o n a t e   a s  

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

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

T h e  r e s u l t s   a r e   shown  in  F i g .   5.  In  t h i s   c a s e ,   t h e   a d d i t i o n  



amounts  are  va lues   based  on  the  coal  we igh t ,   and  sodium  hydroxide   was 

added  as  pH  a d j u s t o r   in  an  amount  of  0.1%  based  on  the  coal  w e i g h t .  

The  v i s c o s i t i e s   became  minimum  in  an  a d d i t i o n   amount  ot  0.5%  of  t h e  

d i s p e r s a n t ,   and  more  amounts  r e s u l t e d   in  an  adver se   e f f e c t .  

Other  k inds   of  coa ls   were  s i m i l a r l y   s t u d i e d ,   and  the  v i s c o s i t i e s   became 

minimum  in  a d d i t i o n   a m o u n t s  o f   from  0.2  to  1.2  %,  When  o the r   a n i o n i c  

d i s p e r s a n t s   were  added,  s l u r r i e s   having  a  minimum  v i s c o s i t y  

w e r e s i m i l a r l y   o b t a i n e d   in  a d d i t i o n   amounts  of  from  0.1  to  1.5%. 

Example  4  

With  coal  B  (b i tuminous   coa l ,   ash  c o n t e n t   13.6%),  the  same  s l u r r y   as  i n  

Example  3  was  p r e p a r e d ,   fo l lowed   by  vary ing   the  amount  of  sodium 

hyd rox ide   added,  in  a  f i xed   amount  of  0.5 %  of  a  condensa t e   of  sodium 

n a p h t h a l e n e s u l f o n a t e   being  added,  to  a d j u s t   the  pH  of  s l u r r y   to  t h e r e b y  

s tudy   the  i n f l u e n c e   of  pH  upon  s l u r r y   v i s c o s i t y .   The  r e s u l t s   are  shown 

in  Fig.  6.  Up  to  pH  8,  the  h igher   the  pH,  the  lower  the  s l u r r y  

v i s c o s i t y ,   and  at  h igher   pHs,  the  v i s c o s i t y   is  a lmos t   unchanged .  

Taking  in to   c o n s i d e r a t i o n   the  amount  of  sodium  hydrox ide   consumed  and 

c o r r o s i o n   of  m a t e r i a l ,   a  pH  of  from  7  to  9  is  p r e f e r r e d .   In  the  c a s e  

o f  c o a l ,   a l t hough   the  pH  of  s l u r r y   p repa red   t h e r e f r o m   v a r i e s   d e p e n d i n g  

on  the  kind  of  coal  and  the  o x i d a t i o n   degree  of  i t s   s u r f a c e ,   the  amount 

of  sodium  hydrox ide   added,  n e c e s s a r y   for  a d j u s t i n g   the  pH  from 7  to  9 ,  

is  from  0  to  1.0 %  based  on  the  weight   of  c o a l .  



E x a m p l e   5 

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

f i l t e r   of  0 . 0 5   µm  w e r e   f u r t h e r   a d d e d   to   a  s l u r r y   of  c o a l   B 

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

e q u a t i o n   (1)  and  c o r r e s p o n d i n g   to   DL  =  297  µm,  DS  =  0 . 0 1   µ m  

and   q  =  0 . 4 0 ,   to   s t u d y   t h e  i n f l u e n c e   of  t h e   u l t r a f i n e  

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

shown  in  F i g .   7.  In   t h i s   f i g u r e ,   t h e   p e n e t r a t i o n   t i m e  o f   t h e  

o r i d i n a t e   a x i s   r e f e r s   to   a  r a t i o   of  t h e   p e n e t r a t i o n   t i m e   i n  

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

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

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

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

The  s t a b i l i t y   i s   b e s t   in  an  a m o u n t  o f   t h e   u l t r a f i n e  

p a r t i c l e s   a d d e d  o f   3  %,  and  i t   i s   s e e n  t h a t   p a r t i c l e s   of  0 . 0 5  

µm  or   l e s s .  c o n t r i b u t e d   to   t h e   s l u r r y   s t a b i l i t y .   S t u d i e s   w e r e  

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

t h e   k i n d   of   c o a l .   As  a  r e s u l t   i t   was  f o u n d   t h a t   t h e   v i s c o s i t y  

was  u n c h a n g e d   when   t h e   w e i g h t   of  p a r t i c l e s  o f   0 . 0 5   µm  or   l e s s  

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

r a n g e   of  f r o m  0 . 5   to   6.  5 %  ( p r e f e r a b l y   f r o m   1 . 0   t o  4 . 0  

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

when  t h e   k i n d   of  c o a l ,   i t s   c o n c e n t r a t i o n   and   DL  w e r e   v a r i e d .  

E x a m p l e   6 

Wi th   c o a l   A  ( b i t u m i n o u s   c o a l ,  a s h   c o n t e n t   9 . 5   %),  a  

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

d i s t r i b u t i o n   c o r e s p o n d i n g   to   t h e   e q u a t i o n s   (1)  and  ( 2 ) ,   b y  



m e a n s   of  a  t u b e   b a l l   m i l l   (650  mm  in  d i a m e t e r   x  250  mm  i n  

l e n g t h )   was  s t u d i e d .   The  a p p a r a t u s   and   f l o w   in  t h i s   c a s e  

a r e   shown   in  F i g .   8.  C o a l   s t o r e d   in  a h o p p e r   1  was  f e d  

i n t o   a  m i l l   3  t h r o u g h   a  f e e d e r   2,  and  a t   t h e   same  t i m e ,  

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

p i p e   4.  At  t h a t   t i m e ,   c o n d i t i o n s   w e r e   e s t a b l i s h e d   so  as  t o  

g i v e   a  c o a l   c o n c e n t r a t i o n   of  70  %  and  a v e r a g e   r e t e n t i o n   t i m e s  

o f   c o a l   in   t h e   m i l l ,   of   90  m i n u t e s   and   120  m i n u t e s ,   and  w h e n  

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

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

r e s u r l t s   a r e   shown  in   F i g .   9.  I t   i s   s e e n   t h a t   t h e   s l u r r i e s  

h a d   p a r t i c l e   d i a m e t e r   d i s t r i b u t i o n s   c o r r e s p o n d i n g   t o   DL  =  4 2 0  

µm,  DS  =  0 . 0 4   µm  and   q  =  0 . 4 0 ,   a n d   D   =  300  µm,  DS  =  0 . 0 1   µ m  

a n d   q  =  0 . 4 0   in   t h e   e q u a t i o n   ( 2 ) .  

N e x t ,   10  %  o f   t h e   s l u r r y   of   t h e   a v e r a g e   r e t e n t i o n   t i m e  

o f   120  m i n u t e s   d i s c h a r g e d   f r o m   t h e   e x i t   o f   t h e   m i l l   w a s  

r e t u r n e d   to   t h e   i n l e t   o f   t h e   m i l l   and  a g a i n   g r o u n d .   When  a  

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

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

i n g   to   DL  =  300  µm,  DS  =  0 . 0 1   pm  a n d   q  =  0 . 4 0   i n   t h e   e q u a t i o n  

( 1 ) .   See   F i g .   1 0 .  

O t h e r   k i n d s   of   c o a l s   w e r e   s i m i l a r l y   s t u d i e d .   As  a  r e s u l t ,  

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

p a r t i c l e   d i a m e t e r  d i s t r i b u t i o n   a c c o r d i n g   to   t h e   e q u a t i o n   ( 1 )  

a n d   a  g o o d   s t a b i l i t y ,   i t   was  i m p o s s i b l e   t o   a c h i e v e   t h e   o b j e c t  

m e r e l y   by  a d j u s t i n g   t h e   r e t e n t i o n   t i m e   in   t h e   m i l l ,   b u t   a  p r o -  

c e s s   o f  r e c y c l i n g   f r o m   10  t o   5 0  %   of  t h e   p r o d u c t   s l u r r y   ( i . e .  



r e c y c l i n g   f e e d )   was  e f f e c t i v e .  

In  v i e w   of  t h e   a b o v e - m e n t i o n e d   E x a m p l e s ,   i t   ha s   b e e n  

f o u n d   t h a t   in  o r d e r   to   o b t a i n   a  CWM  h a v i n g   a  h i g h   c o a l  

c o n c e n t r a t i o n ,   a  low  v i s c o s i t y   and  a  good  s t a b i l i t y ,   i f   a  

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

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

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

e q u a t i o n ,   t h e n   t h e   v i s c o s i t y   and  s t a b i l i t y   of  t h e   r e s u l t i n g  

s l u r r y   b e c o m e s   o p t i m u m :  

w h e r e i n   q  = f r o m   0 . 2 5   to  0 . 5 0  

DL  =  f r o m   44  to  420  µ m  

DS  =  f r o m   0 . 0 0 5   to  0.  1  µ m  

F u r t h e r   i t  h a s   b e e n   f o u n d   t h a t   when  f i n e l y   d i v i d e d  

p a r t i c l e s   of  0 . 0 5  µ m   or   l e s s   a r e   p r e s e n t   in  an  a m o u n t   of  f r o m   0 . 5  

to   6 .5   %  ( p r e f e r a b l y   f r o m   1 . 0   to  4 . 0   %),  t h e   s l u r r y   s t a b i l i -  

t y   b e c o m e s   o p t i m u m .  

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

s a n t   a d d e d   i s   o p t i m u m   i n   a  r a n g e   o f  f rom  0 . 1  t o   1 . 5   %  and   i t   i s  

p r e f e r r e d  t o   add   a  p H   a d j u s t o r   s o  a s   to  g i v e   a  p H   of  f r o m   7  to   9 .  

When  t h i s  i n v e n t i o n   i s   c o n d u c t e d ,   t h e r e   i s   e x h i b i t e d   a n  

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

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

a  low  v i s c o s i t y   and  a  good   s t a b i l i t y   w i t h   s e t t l i n g s   b e i n g  

f o r m e d   o n l y   w i t h   d i f f i c u l t y .  



1.  A  p rocess   for  p roducing   a  c o a l - w a t e r   s l u r r y   having  c o a l  

p a r t i c l e s   d i s p e r s e d   in  water ,   which  p rocess   comprises   caus ing   t h e  

s l u r r y   to  have  a  compos i t ion   of  coal  p a r t i c l e s ,   so  tha t   when  the  c o a l  

p a r t i c l e s   are  d iv ided   in to   8  f r a c t i o n s   (F1,  F2,  - - - - -   and  Fg),  e a c h  

having  a  p a r t i c l e   d i ame te r   range  l i s t e d   below,  ((from  DL/4  to  DL), 

(from  DL/42  to  l e s s   than  DL/4),  - - - - -   (from  DL/47  to  0 ) ,  w h e r e i n   DL 

r e p r e s e n t s   the  maximum  p a r t i c l e   d i a m e t e r   of  the  coal  p a r t i c l e s ) ,   t h e n  

the  p r o p o r t i o n s   by  weight   of  the  coal  p a r t i c l e s   con ta ined   in  t h e  

r e s p e c t i v e   f r a c t i o n s ,   r e l a t i v e   to  the  t o t a l   weight   of  the  c o a l  

p a r t i c l e s   c o n t a i n e d   in  the  s l u r r y   f a l l   w i t h i n   the  fo l lowing   ranges   o f  

numerical   v a l u e s :  

F]:  (DL/4  to  DL)  from  29.0  to  50.0%  by  w e i g h t  

F2:  (DL/42  to  l e s s  t h a n   DL/4)  from  20.0  to  25.0%  by  w e i g h t  

F3:  (DL/43  to  l e s s   than  DL/42)  from  12.0  to  15.0%  by  w e i g h t  

F4:  (DL/44  to  l e s s   than  DL/43)  from  6.0  to  10.0%  by  w e i g h t  

F5:  (DL/45  to  l e s s   than  DL/44)  from  3.0  to  12.0%  by  w e i g h t  
F6:  (DL/46  to  l e s s   than  DL/45)  from  1.5  to  5.2%  by  w e i g h t  

F7:  (DL/47  to  l e s s   than  DL/46)  f r o m   0.8  to  4.0%  by  w e i g h t  

F8:  (DL/47  to  0)  from  0.7  to  9.0%  by  w e i g h t  

2.  A  p rocess   a cco rd ing   to  Claim  1,  wherein  the  p a r t i c l e   d i a m e t e r  

d i s t r i b u t i o n   of  coal  p a r t i c l e s   having  p a r t i c l e   d i ame te r s   in  the  r a n g e  
of  from  1 , 0 0 0  µ m   to  0 . 0 0 5  µ m   s u b s t a n t i a l l y   s a t i s f i e s   the  f o l l o w i n g  

equa t ion   and  the  f o l l o w i n g   ranges  of  numerical   v a l u e s :  

(2)  DL  =  from  44  to  1 ,000  µ m  
(3)  DS  = from  0.005  to  0 . 1  µ m  

(4)  q  =  from  0.25  to  0 . 5 0  



wherein  D  r e p r e s e n t s   a  p a r t i c l e   d iamete r   of  coal  p a r t i c l e s ;   DL,  t h e  

maximum  p a r t i c l e   d iameter   t h e r e o f ;   Ds,  the  minimum  p a r t i c l e   d i a m e t e r  

t h e r e o f ;   and q ,   an  i n d e x .  

3.  A  process   accord ing   to  Claim  1,  or  Claim 2,   wherein  the  coa l  

p a r t i c l e s   in  the  s l u r r y   are  composed  so  tha t   coal  p a r t i c l e s   of  1  µm  o r  

less   can  be  p r e sen t   in  an  amount   o f  f rom  5  to  46 %  by  weight  and  t h o s e  

of  0 . 0 5  µ m   or  l ess   can  be  p r e s e n t   in  an  amount  of  0.5  % or  more .  

4.  A  process   accord ing   to  any one  of  Claims  1  to  3,  wherein  t h e  

s l u r r y   has  a  coal  c o n t e n t   of  from  60  to  80 %  by  weight   and  a  v i s c o s i t y  

of  5,000  cP  or  l e s s ,   in  terms  of  numerical   values  ob ta ined   when  an 

inner   c y l i n d e r - r o t a t i o n   type  v i s c o m e t e r   i s  r o t a t e d   at  a  shear  ra te   o f  

90  sec-1  for  5  m i n u t e s .  

5.  A  process   accord ing   to  any  fo rego ing   claim  wherein  at  l e a s t   one 

kind  of  a n i o n i c  d i s p e r s a n t  s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

n a p h t h a l e n e s u l f o n i c   ac id ,   o r t h o p h o s p h o r i c   acid,   p o l y p h o s p h o r i c   a c i d s  

r e p r e s e n t e d   by  Hn+2PnO2n+1 (n @ 2)  or  HnPn02n  (n @  3),  t a r t a r i c   a c i d ,  

oxa l i c   ac id ,   c i t r i c   ac id ,   e t h y l e n e d i a m i n e   t e t r a a c e t a t e ,   l i g n i n s u l f o n i c  

ac id ,   s a l t s   and  condensa t e s   of  the  f o r e g o i n g ,   t a n n i n s   i n c l u d i n g  

q u e b r a c h o - t a n n i n   and  metal  s a l t s   of  c a r b o x y m e t h y l c e l l u l o s e ,   is  added  t o  

the  s l u r r y ,   as  a  d i s p e r s a n t   for  coal  p a r t i c l e s   in  an  amount  of  3%  by 

weight   or  l e s s   based  on  the  c o a l  w e i g h t .  

6.  A  process   accord ing   to  any  fo rego ing   claim,  wherein  at  l e a s t   one 

kind  of  p H - a d j u s t o r   s e l e c t e d   from  the  group  c o n s i s t i n g  o f   sodium 

h y d r o x i d e , p o t a s s i u m   hydrox ide ,   barium  hydrox ide  and   sodium  ca rbona t e   i s  

added  to  the  s lu r ry   as  a  p H - a d j u s t o r   for  r ende r ing   the  pH  value  of  t h e  

s l u r r y   7  or  more,  in  an  amount  of  3%  or  less   based  on  the  coal  w e i g h t .  

7.  A  c o a l - w a t e r   s l u r r y   when  produced  by  the  p rocess   accord ing   to  any 

fo rego ing   c l a i m .  



8.  A  c o a l - w a t e r   s l u r r y   having  a  composi t ion   of  coal  p a r t i c l e s ,   so  

t h a t   when  the  coal  p a r t i c l e s   are  d iv ided   into  8  f r a c t i o n s   (Fl,   F2 ,  

- - - - -   and  F8),  each  having  a  p a r t i c l e  d i a m e t e r   range  l i s t e d   be low,  

( ( f rom  DL/4  to  DL),  (from  DL/42  to  l ess   than  DL/4),  - - - - -   (from  DL/47 

to  0),  wherein  DL  r e p r e s e n t s   the  maximum  p a r t i c l e s   d iamete r   of  the  coa l  

p a r t i c l e s ) ,   then  the  p r o p o r t i o n s   by  weight  of  the  coal  p a r t i c l e s  

c o n t a i n e d   in  the  r e s p e c t i v e   f r a c t i o n s ,   r e l a t i v e   to  the  t o t a l   weight   o f  

the  coal  p a r t i c l e s   c o n t a i n e d  i n   the  s l u r r y   f a l l   wi th in   the  f o l l o w i n g  

ranges   of  numerical   v a l u e s :  

F1:  (DL/4  to  DL)  from  29.0  to  50.0%  by  w e i g h t  

F2:  (DL/42  to  l e s s   than  DL/4)  from  20.0  to  25.0%  by  w e i g h t  

F3:  (DL/43  to  l e s s   than  DL/42)  from  12.0  to  15.0%  by  w e i g h t  

F4:  (DL/44  to  l e s s   than  DL/43)  from  6.0  to  10.0%  by  w e i g h t  

F5:  (DL/45  to  l e s s   than  DL/44)  from  3.0  to  12.0%  by  w e i g h t  

F6:  (DL/46  to  l e s s   than  DL/45)  from  1.5  to  5.2%  by  w e i g h t  

F7:  (DL/47  to  l e s s   than  DL/46)  from  0.8  to  4.0%  by  w e i g h t  

F8:  (DL/47  to  0)  from  0.7  to  9.0%  by  w e i g h t  
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