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©  Combustible  compositions  consist  of  pulverised  coal, 
water  and  a  dispersing  agent  which  is  the  product  of 
successive  reaction  of  an  alkylphenol  or  an  alkanol  with 
propylene  oxide  and  ethylene  oxide. 
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  Combustible  compositions  consist  of  pulverised  coal, ' 
water  and  a  dispersing  agent  which  is  the  product  of 
successive  reaction  of  an  alkylphenol  or  an  alkanol  with 
propylene  oxide  and  ethylene  oxide. 



This  i nven t ion   r e l a t e s   to  s t a b i l i s e d   aqueous  s l u r r i e s   of  p u l v e r -  

ised  coal ,   more  p a r t i c u l a r l y   to  s u c h  s l u r r i e s   which  a r e  
s t a b i l i s e d   by  means  of  s p e c i f i e d   a g e n t s ,   which  are  v a l u a b l e  

aids  towards  achieving   the  optimum  f u e l  u t i l i s a t i o n   of  c o a l .  

With  the  i n c r e a s i n g   cost  and  a n t i c i p a t e d   eventual   s c a r c i t y   o f  

crude  oil  and  i t s   r e f ined   p roduc t s ,   renewed  emphasis  is  b e i n g  

placed  on  the  use  of  coal  as  a  f u e l .  

The  physical   form  of  coal ,   however,  places  severe  l i m i t a t i o n s  

on  i ts   d i r e c t   use  if  th is   is  to  be  done  in  an  e f f i c i e n t   and 

e n v i r o n m e n t a l l y   a ccep tab l e   manner,  and  consequen t ly   s e v e r a l  

t echn iques   are  c u r r e n t l y   being  explored   whereby  t h e s e  



l i m i t a t i o n s   may  be  overcome  or  min imised .   Mention  may  be 

made,  for  example,   of  coal  g a s i f i c a t i o n   p roce s se s   and  t h e  

r e d u c t i o n   of  the  coal  to  f i n e l y   d iv ided   form  in  s u s p e n s i o n  

in  o i l ,   methanol  or  water .   C o a l - i n - w a t e r   s l u r r i e s ,   in  p a r t i c u l a r ,  

o f f e r   a  number  of  conceptual   and  p r a c t i c a l   advan tages ,   n o t a b l y  

low  cos t ,   ease  of  handl ing   and  low  t r a n s p o r t a t i o n   costs  as  

compared  with  dry  p u l v e r i s e d   coa l ,   c o m p a r a t i v e l y   high  b u r n i n g  

e f f i c i e n c y   and  lower  ash  y i e ld   a f t e r   combust ion .   The  s l u r r i e s  

are  prepared  by  admixing  the  f i n e l y   p u l v e r i s e d   coal  with  w a t e r ,  

u s u a l l y   in  the  p resence   of  d i s p e r s i n g   agents   and  s u s p e n s i o n  

s t a b i l i s e r s .   The  role  of  t h e  d i s p e r s i n g   agent  is  to  p r e v e n t  

f t o c u t a t i o n   or  c o a g u l a t i o n   of  the  coal  p a r t i c l e s   during  t h e  

mixing  p r o c e s s ,   w h i l s t   the  suspens ion   s t a b i l i s e r   serves  to  p r e v e n t  

s e t t l i n g   out  of  the  d i s p e r s e d   p a r t i c l e s   on  s to rage   of  the  s l u r r y .  

C l e a r l y ,   for  economic  r ea sons ,   i t   is  d e s i r a b l e   to  maximise  t h e  

coal  con ten t   of  the  s l u r r i e s ,   so  as  to  minimise  the  a b s o r p t i o n  

of  heat  due  to  e v a p o r a t i o n   of  the  water  during  combus t ion .  

High  coal  s o l i d s   c o n t e n t s ,   however,  g e n e r a l l y   lead  to  t h e  

s l u r r i e s   having  ex t r eme ly   high  v i s c o s i t i e s ,   which  in  t u r n  

render   very  d i f f i c u l t   or  imposs ib le   the  handl ing   and  t r a n s f e r  

of  the  s l u r r i e s ,   e s p e c i a l l y   by  pumping.  

We  have  now  found  t h a t ,   through  the  use  of  c e r t a i n   d e f i n e d  

d i s p e r s i n g   agen t s ,   c o a l - i n - w a t e r   s l u r r i e s   of  high  coal  c o n t e n t  

can  be  prepared  which  n e v e r t h e l e s s   have  v i s c o s i t i e s   low  enough 

to  avoid  or  minimise  these  p r o b l e m s .  

According  to  the  p r e sen t   i nven t ion   we  provide   a  c o m b u s t i b l e  

composi t ion   c o n s i s t i n g   of  a  s t a b i l i s e d   suspens ion   of  p u l v e r i s e d  

coal  in  water ,   the  composi t ion   c o m p r i s i n g  



(i)  from  30  to  90  par t s   by  weight  of  p u l v e r i s e d   c o a l ,  

( i i )   from  0.05%  to  3%,  based  on  the  dry  weight  of  t h e  

p u l v e r i s e d   coa l ,   of  a  d i s p e r s i n g   agent  having  t h e  

general   f o r m u l a  

wherein  R  is  an  alkyl  group  c o n t a i n i n g   from  5  to  22 

carbon  atoms,  or  an  a lky lpheny l   group  in  which  t h e  

alkyl  group  con t a in s   from  5  to  22  carbon  atoms,  x  i s  

an  i n t e g e r   from  3  to  30  and  y  is  an  i n t ege r   at  l e a s t  

10,  and 

( i i i )   s u f f i c i e n t   water  to  bring  the  t o t a l   composi t ion  w e i g h t  

to  100  p a r t s .  

The  d i s p e r s i n g   agents   used  are  thus  block  copolymer  c o n d e n s a t e s  

of  a l i p h a t i c   a l c o h o l s   or  a l k y l p h e n o l s   with  propylene  oxide  and 

e thylene   oxide  r e s p e c t i v e l y .   The  p o l y ( o x y e t h y l e n e )   b l o c k  

occupies  the  t e rmina l   p o s i t i o n   in  the  p o l y ( o x y a l k y l e n e )   c h a i n :  

The  group  R  in  formula  (I)  may  be  a  l i n e a r   or  branched  a l k y l  

group  c o n t a i n i n g   from  8  to  30  carbon  atoms,  p r e f e r a b l y   16  to  20 

atoms,  for  example  the  mixed  Clb/C18  alkyl  groups  der ived  from 

commercial  s t e a ry l   a l c o h o l .   A l t e r n a t i v e l y ,   the  group  R  may  be 

a  l i n e a r   or  branched  chain  a lky lpheny l   group  in  which  the  a l k y l  

group  con ta ins   from  6  to  12  carbon  atoms,  for  example  a  h e x y l ,  

o c t y l ,   nonyl  or  dodecyl  g r o u p .  

P r e f e r a b l y   the  value  of  x  in  formula  (I)  is  10  to  20,  and  t h e  

value  of  y  is  10  to  150,  for  example  80  to  120. 

The  d i s p e r s i n g   agents   are  r e a d i l y   ob ta ined   by  the  s u c c e s s i v e  

reac t ion   of  the  a p p r o p r i a t e   a l i p h a t   c  alcohol  or  of  n o n y l -  

phenol  s u c c e s s i v e l y   with  propylene  oxide  and  with  e t h y l e n e  

o x i d e .  



The  p r o p o r t i o n   of  d i s p e r s i n g   agent  used  p r e f e r a b l y   l i e s   in  t h e  

range  0.5%  to  1.5%  of  the  dry  weight  of  the  coal  in  t h e  

c o m p o s i t i o n  ;   the re   may  be  used  e i t h e r   a  s i n g l e   d i s p e r s i n g   a g e n t  

or  a  mixture   of  two  or  more  agents   as  d e f i n e d .  

The  p u l v e r i s e d   coal  for  i n c o r p o r a t i o n   in  the  compos i t ions   of  t h e  

i n v e n t i o n   may  be  ob t a ined   by  t echn iques   a l r e a d y   well  known  such 

as  by  the  use  of  tumbling  mi l l s   or  ball  m i l l s   with  r e c i r c u l a t i o n  

of  the  ground  m a t e r i a l   un t i l   the  de s i r ed   p a r t i c l e   size  d i s t r i b u t i o n  

is  o b t a i n e d .   The  p a r t i c l e   s ize  of  the  coal  is  not  c r i t i c a l   f o r  

the  purposes   of  the  i n v e n t i o n ,   but  the  p r e f e r r e d   grade  is  that   i n  

which  at  least 8@%  of  the  p a r t i c l e s   are  of  a  s ize   below  75  m i c r o n s .  

As  a l r e a d y   s t a t e d ,   the  coal  con ten t   of  the  compos i t i ons   may  v a r y  

between  30  par ts   and  90  par t s   by  weight  out  of  a  to ta l   c o m p o s i t i o n  

weight  of  100  p a r t s  ;   more  t y p i c a l l y ,   i t   will   l ie   in  the  range  
50  pa r t s   to  80  pa r t s   by  w e i g h t .  

The  d i s p e r s i n g   agents   as  here inabove   de f ined   are  in  g e n e r a l  

e f f e c t i v e   not  only  in  f a c i l i t a t i n g   the  i n i t i a l   d i s p e r s i n g   of  t h e  

coal  in  the  water  but  a lso  in  s t a b i l i s i n g   the  d i s p e r s i o n s   a g a i n s t  

s e t t l i n g   out  of  the  coal  p a r t i c l e s   on  s t o r a g e .   However,  i f  

d e s i r e d ,   the  compos i t ions   of  the  i nven t ion   may  also  c o n t a i n  

conven t iona l   suspending  or  a n t i - s e t t l i n g   a g e n t s .  

The  compos i t i ons   are  c o n v e n i e n t l y   prepared  by  the  s teps  o f  

(a)  d i s s o l v i n g   or  d i s p e r s i n g   the  d i s p e r s i n g   agent  in  the  w a t e r ,  

(b)  adding  the  p u l v e r i s e d   coal  and 

(c)  s u b j e c t i n g   the  mixture   to  the  ac t ion   of  a  mixer  for  a  s u f f i c i e n t  

per iod  of  time  to  produce  a  d i s p e r s i o n ,   u s u a l l y   of  the  order  o f  

2  minutes  using  a  high  speed  mixer.  It  is  normal ly   s a t i s f a c t o r y  

to  ca r ry   out  these   o p e r a t i o n s   at  or  near  room  t empera tu re .   In 

c e r t a i n   c a s e s . i t   may  be  d e s i r a b l e   to  add  an  an t i - foaming   a g e n t  
to  prevent   exce s s ive   foam  format ion  during  the  mixing  o p e r a t i o n .  



The  compos i t i ons   of  the  i n v e n t i o n   e x h i b i t   s u b s t a n t i a l l y  

lower  v i s c o s i t i e s   at  comparable  coal  so l id s   con ten t s   t h a n  

do  known  c o a l - i n - w a t e r   s l u r r i e s   p repared   with  the  aid  o f  

conven t iona l   s u r f a c t a n t s   such  as  sodium  or  calcium  l i g n i n  

s u l p h o n a t e s   or  condensed  n a p h t a l e n e - f o r m a l d e h y d e   s u l p h o n a t e s  

or  sodium  p o l y a c r y l a t e s .   They  also  show  improved  s t a b i l i t y  

towards  s e t t l i n g   out  of  the  coal  p a r t i c l e s   on  s t o r a g e .   They 

are  t h e r e f o r e   very  s u i t a b l e   for  use  as  fue l s   in  p r o c e s s  

hea t e r s   and  in  i n d u s t r i a l   and  o ther   types  of  b o i l e r .  

The  i n v e n t i o n   is  i l l u s t r a t e d   by  the  fo l lowing   e x a m p l e s ,  

in  which  pa r t s   and  pe rcen tages   are  by  w e i g h t .  

EXAMPLES 

General  P r o c e d u r e  

The  d i s p e r s i n g   agent  i n d i c a t e d   was  d i s s o l v e d   or  d i s p e r s e d  
in  water  to  y i e ld   the  s t a t ed   c o n c e n t r a t i o n   based  on  d r y  
weight  of  coal ,   and  to  the  s o l u t i o n   or  d i s p e r s i o n   was  added 
p u l v e r i s e d   coal  in  the  s t a t ed   p r o p o r t i o n ;   the  mixture  was 
then  sub j ec t ed   to  the  a c t i o n  



of  a  h i g h - s p e e d   mixer  for  2  minu tes .   Af ter   each  s l u r r y  

had  stood  for  a p p r o x i m a t e l y   15  minutes  at  room  t e m p e r a t u r e  

to  permit   d e a e r a t i o n ,   i ts   v i s c o s i t y   was  measured  on  a  B r o o k f i e l d  

v i s c o m e t e r   ( immed ia t e ly   before   measurement ,   each  sample  was 

homogenised  by  g e n t l e   hand  s t i r r i n g ) .  

The  coal  samples  used  in  c e r t a i n   of  the  Examples  had  t h e  

fo l lowing   c h a r a c t e r i s t i c s  :  

For  compar i son ,   the  procedure   was  r epea t ed   in  the  a b s e n c e  

of  the  d i s p e r s i n g   agent  as  here in   def ined   and  a l so ,   in  

c e r t a i n   i n s t a n c e s ,   with  the  d i s p e r s i n g   agent  rep laced   by 

an  equal  amount  of  a  conven t iona l   an ion ic   s u r f a c t a n t .   The 

compos i t ions   of  the  s l u r r i e s   and  t h e i r   v i s c o s i t i e s   are  shown 

in  t h e  i n d i v i d u a l   Examples .  

Example  1 

Coal  sample  :   No.  1 

Dispe r s ing   a g e n t  :   Agent  A  (nonylphenol   condensed  s u c c e s s i v e l y  

with  15.5  molar  p r o p o r t i o n s   of  p r o p y l e n e  

oxide  and  33  molar  p r o p o r t i o n s   of  e thy lene   o x i d e .  



Example  2 
Coal  sample  :   No.  2 

D i spe r s ing   a g e n t  :   Agent  A,  as  in  Example  1. 

Example  3 

Coal  sample  :   No.  1 

D i spe r s ing   a g e n t  :   Agent  B  (nonyl  phenol  condensed  s u c c e s s i v e l y  
-  with  16  molar  p r o p o r t i o n s   of  propylene   o x i d e  

and  120  molar  p o r p o r t i o n s   of  e thy lene   o x i d e ) .  

Example  4 

Coal  sample  :   No.  3 

Dispers ing   a g e n t s  :   Agent  A  and  B as  in  Examples  1  and  3.  



Example  5 

Coal  sample  :   a  n o n - b e n e f i c i a t e d   coal  having  an  ash  c o n t e n t  

of  15 -  20%  by  weight   and  an  i no rgan ic   s u l p h u r  

con ten t   of  2 -   4%  by  weigh t .   80%  of  t h e  

p a r t i c l e s   were  of  a  s ize   below  75  m i c r o n s .  

D i s p e r s i n g   a g e n t s  :   Agent  C  (nonylphenol   condensed  s u c c e s s i v e l y  

with  7.4  molar  p r o p o r t i o n s   of  propylene  oxide  and 

28.0  moles  of  e t h y l e n e   o x i d e ) .  

Agent  D  (nonylphenol   condensed  s u c c e s s i v e l y  

with  7.6  molar  p r o p o r t i o n s   of  propylene  o x i d e  

and  45.5  moles  of  e t h y l e n e   o x i d e ) .  

Example  6 

Coal  sample:  a  b e n e f i c i a t e d   coal ;   80%  of  the  p a r t i c l e s   were  

of  a  s ize  below  75  m i c r o n s .  

D i s p e r s i n g   a g e n t  :   Agent  D,  as  in  Example  5. 



Example  7 

Coal  sample :   a  n o n - b e n e f i c i a t e d   c o a l  ;   75.8%  of  the  p a r t i c l e s  

were  of  a  size  below  75  m i c r o n s .  

Dispers ing   a g e n t s  :   Agent  E  (commercial  s t e a r y l   a l c o h o l  

condensed  s u c c e s s i v e l y   with  the  15  m o l a r  

p r o p o r t i o n s   of  propylene  oxide  and  100  mola r  

p r o p o r t i o n s   of  e thy lene   o x i d e ) .  

Agent  A,  as  in  E x a m p l e  1  :  



EXAMPLE  8 

Coal  sample:  Coal  sample  No. 3  as  d e s c r i b e d   above  was  used  f o r  

t h i s   s e r i e s   of  e x p e r i m e n t s .  

D i s p e r s i n g   agen t s :   Agent F  ( n o n y l p h e n o l   condensed  s u c c e s s i v e l y  

with  13.5  molar  p r o p o r t i o n s   of  p ropy lene   oxide  and  30 

molar  p r o p o r t i o n s   of  e t h y l e n e   o x i d e . )  

Agent  G  ( o l e y l   a l c o h o l   condensed  s u c c e s s i v e l y  

with  15  molar  p r o p o r t i o n s   of  p ropy lene   oxide  and  100 

molar  p r o p o r t i o n s   of  e t h y l e n e   o x i d e . )  

For  compara t ive   pu rposes ,   to  show  the  advan tage   of  using  b l o c k  

copolymer  a d d i t i v e s ,   t e s t s   were  c a r r i e d   out  using  po lymers  

c o n t a i n i n g   only  e t hy l ene   o x i d e .  

Agent  H  ( n o n y l p h e n o l   condensed  with  30  m o l a r  

p r o p o r t i o n s   of  e t h y l e n e   o x i d e . )  

Agent  I  ( s t e a r y l   a l c o h o l   condensed  w i t h  

100  molar  p r o p o r t i o n s   of  e t h y l e n e   o x i d e . )  

D i s p e r s i o n s   were  made  up  using  1%  (based   on  dry  weight  of  c o a l )  

and  v i s c o s i t y   was  measured  with  a  B r o o k f i e l d   v i scomete r   at  0 . 5  

rpm  using  a  No.3  s p i n d l e .  



Comparison  of  the  r e s u l t s   with  Agents  F  and  H  shows  that   a 

reduced  v i s c o s i t y   at  65%  coal  content   is  ob ta ined   using  the  b l o c k  

copolymer  compared  with  the  simple  e t h o x y l a t e   at  the  same  c o a l  

con ten t .   At  68%  coal   conten t   the  compos i t ion   c o n t a i n i n g   t h e  

simple  e t h o x y l a t e   is  u n u s a b l e .  

Comparison  of  the  r e s u l t s   obtained  using  Agents  G  and  I  shows 

that   use  of  the  block  copolymer  allows  a  h igher   so l i d s   c o n t e n t  

than  with  the  simple  e t h o x y l a t e .   Thus  a d d i t i v e s   of  g e n e r a l  

formula  (I)  in  which  R  is  a  C16  to  C20  a lkyl   group,  x  is  10 

to  20  and  y  is  80  to  120  may be  used  to  make  compos i t ions   i n  

which,  using  0.5  to  1.5%  by  weight  a d d i t i v e   based  on  the  w e i g h t  

of  coal,  there   is  p resen t   from  67.5  to  70.5%  weight  of  c o a l .  



1.  A  c o m b u s t i b l e   compos i t ion   of  coal ,   water   and  s u r f a c t a n t  

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

(i)   from  30  to  90  p a r t s   by  weight   of  p u l v e r i s e d   c o a l ,  

( i i )   from  0.05%  to  3%,  based  on  the  dry  weight  of  t h e  

p u l v e r i s e d   coal   of  a  d i s p e r s i n g   agent  having  the  g e n e r a l  

f o r m u l a  

whe re in   R  is  an  a lky l   group  c o n t a i n i n g   from  5  to  2 2  c a r b o n  

atoms,   or  an  a l k y l p h e n y l   group  in  which  the  a lky l   g r o u p  

c o n t a i n s   from  5  to  22  carbon  a t o m s ,  

x  is  an  i n t e g e r   from  3  to  30  and  

y  is  an  i n t e g e r   and  is  at  l e a s t   10,  and 

( i i i )   s u f f i c i e n t   water   to  br ing   the  t o t a l   compos i t ion   weight   t o  

100  p a r t s .  

2.  A  c o m p o s i t i o n   accord ing   to  claim  1  in  which  y  is  from  10  t o  

150 .  

3.  A  c o m p o s i t i o n   accord ing   to  claim  1  or  claim  2  in  which  t h e  

p a r t i c l e   s i z e   of  the  coal  is  such  tha t   at  l e a s t   80%  of  t h e  

p a r t i c l e s   are  below  75  m i c r o n s .  

4.  A  c o m p o s i t i o n   acco rd ing   to  claim  3  which  c o m p r i s e s : -  

( i)   from  68.5  to  70.5%  by  weight   of  p u l v e r i s e d   c o a l ,  

( i i )   from  0.5  to  1.5%,  based  on  the  dry  weight  of  the  c o a l  

of  a  d i s p e r s i n g   agent  of  formula  I  w h e r e i n  

R  is  an  a lkyl   group  c o n t a i n i n g   from  16  to  20 

carbon  atoms 

x  is  from  10  to  20 

y  is  from  80  to  120 



( i i i )   s u f f i c i e n t   water  to  br ing  the  t o t a l   compos i t ion   weight  t o  
100  p a r t s .  

5.  A  method  of  p r e p a r i n g   a  compos i t i on   acco rd ing   to  any one  o f  

claims  1  to  4  by  the  s teps  o f : -  

(a)  d i s s o l v i n g   or  d i s p e r s i n g   the  d i s p e r s i n g   agent  in  w a t e r ,  

(b)  adding  the  p u l v e r i s e d   coal  and  

(c)  mixing  the  compos i t ion   to  produce  the  d i s p e r s i o n .  
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