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@  Coal-water  mixture  containing  poly(alkytene  oxide)  surfactant  and  hydroxyalkyl  polygalactomannan. 

©  Coal  water  mixtures  are  provided  which  contain  a  poly- 
(alkylene  oxide)  surfactant  comprised  of  a  hydrophilic  por- 
tion  derived  from  ethylene  oxide  and  a  hydrophobic  portion 
derived  from  a  higher  alkylene  oxide  as  a  surfactant  and  a 
hydroxyalkyl  ether  of  a  polygalactomannan  as  a  stabilizer. 
Particular  examples  of  these  surfactants  and  stabilizers  in- 
clude  ethoxylated,  propoxylated  propylene  glycol  and  hy- 
droxypropyl  guar,  respectively.  It  has  been  found  that  coal 
water  mixtures  containing  from  50  to  80%  participate  coal 
exhibit  excellent  stability  with  respect  to  particle  settling 
and  bed  compaction  when  this  particular  combination  of 
surfactant  and  stabilizer  is  employed.  Also  provided  is  a 
process  for  preparing  such  coal  water  mixtures  wherein  a 
mixture  of  participate  coal,  water,  and  the  surfactant  is 
formed  to  which  the  stabilizer  is  then  added  to  form  a  sta- 
bilized  homogeneous  mixture.  These  coal  water  mixtures 
exhibit  excellent  stability  when  transported  by  a  pipeline. 

01 
01 

o  
Of 

Q.  
I l l  

ACTORUM  AG 



0  2 0 9 1 2 2  

COAL-WATER  MIXTURE  CONTAINING  POLY(ALKYLENE  OXIDE) 

SURFACTANT  AND  HYDROXYALKYL  POLYGALACTOMANNAN 

FIELD  OF  THE  INVENTION 

This  i nven t ion   r e l a t e s   to  coal  water  mixtures   having  improved 

5  f l u i d i t y   and  s t a b i l i t y .   More  p a r t i c u l a r l y ,   t h i s   i n v e n t i o n   r e l a t e s  

to  c o a l - w a t e r   mix tu res   comprised  of  a  p o l y ( a l k y l e n e   oxide)  s u r f a c -  

tan t   and  a  hydroxyalkyl   e ther   of  a  p o l y g a l a c t o m a n n a n .  

BACKGROUND  OF  THE  INVENTION 

U.S.  Patent   No.  4 ,242 ,098   d i s c l o s e s   the  use  of  w a t e r - s o l u b l e  

10  polymers,   e .g .   hydroxypropyl   guar  gum  or  c a r b o x y m e t h y l h y d r o x y p r o p y l  

guar  gum,  in  an  aqueous  coal  s l u r ry   to  permit  the  e x t r u s i o n ,   pump- 
ing  and  t r a n s p o r t   of  h igher   so l i d s   con ten t   aqueous  coal  s l u r r i e s .  

U.S.  Patent   No.  4,441  ,889  d i s c l o s e s   examples  of  s t ab l e   coa l  

aqueous  mix tures   c o n t a i n i n g   both  xanthan  gum  and  guar  gum  a l o n g  

15  with  a  nonionic   s u r f a c t a n t .   The  pa tent   d i s c l o s e s   many  examples  o f  

nonionic   s u r f a c t a n t s   i n c l u d i n g   e t h o x y l a t e d   al  kyl  phenol  s  ;  e t h o x y -  

l a t e d ,   p ropoxy la t ed   propylene   g l y c o l s ;   and  e t h o x y l a t e d ,   p r o p o x y -  
la ted   a lky lene   di  a m i n e s .  

SUMMARY  OF  THE  INVENTION 

20  This  i nven t ion   r e l a t e s   to  c o a l - w a t e r   mix tures   compr i s ing :   a)  a 

p o l y ( a l k y l e n e   oxide)   s u r f a c t a n t   comprised  of  a  h y d r o p h i l i c   p o r t i o n  

der ived   from  e t h y l e n e   oxide  and  a  hydrophobic   po r t ion   der ived  from 

a  h igher   a lky lene   ox ide ;   and  b)  a  polymeric   s t a b i l i z e r   compris ing   a 

hydroxyalkyl   e the r   of  a  po lyga l ac tomannan .   This  i nven t ion   a l s o  

25  r e l a t e s   to  a  method  of  p r epa r ing   the  coal  -water   mix tu res   d e s c r i b e d  

above,  compr i s ing :   i)  forming  a  mixture   comprised  of  p a r t i c u l a t e  

coa l ,   water ,   and  a  p o l y ( a l k y l e n e   oxide)  s u r f a c t a n t   comprised  of  a 

h y d r o p h i l i c   po r t ion   der ived   from  e thy lene   oxide  and  a  h y d r o p h o b i c  

por t ion   der ived  from  a  h igher   a lky lene   oxide;  i i)   adding  to  t h e  
30  r e s u l t a n t   mixture   a  s t a b i l i z e r   comprised  of  a  hydroxyalkyl   e the r   o f  

- 1 -  



0  2 0 9 1 2 2  

a  po lyga lac tomannan ;   and  i i i )   mixing  the  r e s u l t i n g   composi t ion   t o  

form  a  homogeneous  m i x t u r e .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  c o a l - w a t e r   mixtures   of  the  i n s t a n t   i nven t ion   are  m i x t u r e s  

5  of  coal  and  a  wa t e r -ba sed   l i qu id   c o n t a i n i n g   a  p o l y ( a l k y l e n e   o x i d e )  

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

is  in tended  to  be  gener ic   to  the  many  types  and  grades  of  commer- 

c i a l l y   a v a i l a b l e   c o a l s .   S p e c i f i c   examples  of  p r e f e r r e d   coals  i n -  

clude  low  v o l a t i l e   b i tuminous  coals  from  West  V i r g i n i a ,   high  vo-  
10  l a t i l e   b i tuminous  coals   from  Kentucky,  Ohio  or  Arizona  and  sub -  

bi tuminous  coals  from  Montana  may  be  used  in  the  p r a c t i c e   of  t h i s  

i n v e n t i o n .   A n t h r a c i t e ,   s e m i - a n t h r a c i t e ,   medium  and  high  v o l a t i l e  

b i t uminous ,   and  l i g n i t e   coals  may  also  be  used  in  th i s   i n v e n t i o n .  

The  coal  for  use  in  th i s   inven t ion   can  be  ob ta ined   in  a  dry  o r  
15  wet  form  and  mixed  with  f lu id   to  form  a  c o a l - f l u i d   s l u r r y .   P r e f e r -  

ab ly ,   the  coal  for  making  a  f ine  p a r t i c l e   sized  f r a c t i o n   is  wet 

mi l led   in  known  ways  to  prevent   dust  and  explos ion   haza rds .   The 

wet  mil led  coal  f r a c t i o n   can  be  mi l led  with  all  the  water ,   or  i t  

can  be  mixed  with  s u f f i c i e n t   a d d i t i o n a l   water  to  make  a  s l u r r y  
20  which  will  be  r e a d i l y   pumpable  in  a  p i p e l i n e   when  it  f u r t h e r   i s  

mixed  with  a  c o a r s e r   pu lve r i zed   coal  f r a c t i o n   to  form  a  coal  - w a t e r  

s l u r r y .  

In  one  p r e f e r r e d   embodiment,  the  coal  u t i l i z e d   in  the  c o a l -  

f lu id   s l u r r y   of  t h i s   i nven t ion   is1  " p u l v e r i z e d " .   The  term  " p u l v e r -  
25  ized  coal"  (or  " P . C . " ) ,   as  used  in  th i s   s p e c i f i c a t i o n ,   r e f e r s   t o  

coal  which  has  been  mi l led  or  ground  to  a  c o n s i s t e n c y   of  about  4 0 i  

mesh  X  0:'  see  the  Handbook  of  Chemistry  and  Phys ic s ,   51st  E d i t i o n  

(CRC  Pub l i sh ing   Co.,  Cleve land ,   Ohio,  1970-1971) ,   page  F-199,  t h e  

d i s c l o s u r e   of  which  is  hereby  i n c o r p o r a t e d   herein   by  r e f e r e n c e .  

30  In  view  of  the  manner  in  which  coal  f r a c t u r e s   during  m i l l i n g ,  
coal  p a r t i c l e s   will  have  i r r e g u l a r   shapes  which,  however,  are  of  a 
body  (or  maximum  s i d e - t o - s i d e   t h i c k n e s s )   such  tha t   the  s u b - s i e v e  

sized  d i s c r e t e   p a r t i c l e s   will  pass  through  a  s p e c i f i e d   mesh  of  a 

s i e v e .   The  s ize  of  the  d i s c r e t e   p a r t i c l e   can  be  expressed   in  t e r m s  
35  of  a  sphe r i ca l   d i amete r   which,  as  used  h e r e i n ,   is  def ined  as  a  U.S.  
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sieve  size  of  from  16  mesh  (1.18  mm)  to  400  mesh  (0.038  mm)  or  i t s  

e q u i v a l e n t   in  microns  through  which  a  coal  p a r t i c l e   from  a  sample  
of  coal  or  c o a l - w a t e r   s l u r r y   will  pass .   For  p a r t i c l e s   f ine r   t h a n  
200  mesh,  the  size  of  the  p a r t i c l e s   can  be  expressed  in  mm  as  d e -  

5  te rmined  by  means  of  a  s i eve ,   or  a  s e d i m e n t o m e t e r ,   or  a  s c a n n i n g  
e l e c t r o n   microscope  (SEM).  In  a  p r e f e r r e d   embodiment,  from  a b o u t  

85%  to  about  90%  of  the  p a r t i c l e s   are  less   than  200  mesh .  
Mixtures  of  coals  also  can  be  used  in  the  s l u r r y   of  t h i s   i n -  

v e n t i o n .   By  way  of  i l l u s t r a t i o n   and  not  l i m i t a t i o n ,   one  can  use  a 
10  mixture   of  a  coarse   coal  f r a c t i o n   which  con ta in s   less   than  about  30 

weight  percent   of  v o l a t i l i z a b l e   hydrocarbons   (such  as,  e .g .   a n t h r a -  
c i t e   or  low  v o l a t i l e   b i tuminous   coal)  and  a  fine  coal  f r a c t i o n  

which  con t a in s   more  than  about  35  weight  percent   of  v o l a t i l i z a b l e  

hydrocarbons   (such  as,  e .g .   l i g n i t e   or  high  v o l a t i l e   b i t u m i n o u s  
15  c o a l ) .   One  can  use  a  mixture  of  two  or  more  of  said  coarse   coal  

f r a c t i o n s   and  one  of  said  f ine  f r a c t i o n s ,   one  of  said  coarse  coa l  

f r a c t i o n s   and  two  or  more  of  said  f ine  f r a c t i o n s ,   or  two  or  more  o f  
said  coarse   coal  f r a c t i o n s   and  two  or  more  of  said  f ine  f r a c t i o n s .  

The  s l u r r y   of  th i s   i nven t ion   is  comprised  of  one  or  more 
20  wa t e r -ba sed   l i q u i d s .   As  used  in  th i s   s p e c i f i c a t i o n ,   the  t e r m  

l i q u i d   r e f e r s   to  water ,   and  mixtures   of  water  and  water-mi  s c i b l e  
a l c o h o l s .   The  wa te r -based   l i qu id   used  in  the  s l u r r y   of  t h i s   i n v e n -  

t ion  p r e f e r a b l y   performs  at  l e a s t   two  f u n c t i o n s —   it  f i l l s   the  i n -  

t e r s t i t i a l   pores  of  the  carbonaceous   so l id   m a t e r i a l ,   and  it  p r o -  
25  vides  the  veh i c l e   for  s e p a r a t i o n   of  the  p a r t i c l e s   of  the  c a r b o n a -  

ceous  so l id   ma te r i a l   to  minimize  c o l l i s i o n s   between  said  p a r t i c l e s ;  
t hus ,   the  p r e f e r r e d   wa te r -based   l i qu id   is  a  c a r r i e r   w a t e r - b a s e d  

l i q u i d .  

In  one  p r e f e r r e d   embodiment,  the  wa t e r -ba sed   l i q u i d   used  in  
30  the  s l u r r y   of  th i s   i nven t ion   is  c a r r i e r   wa te r .   As  used  in  t h i s  

s p e c i f i c a t i o n ,   the  term  " c a r r i e r   water"  means  the  bulk  of  f r e e  

water  d i s p e r s e d   between  the  Coal  p a r t i c l e s   and  con t iguous   to  t h e  

bound  l aye r s   of  the  p a r t i c l e s ,   and  it  is  to  be  d i s t i n g u i s h e d   from 
bound  wa te r .   The  term  "bound  water"  means  water  r e t a i n e d   in  t h e  

35  "bound  water  l a y e r , "   as  def ined  and  i l l u s t r a t e d   in  K i r k - O t h m e r ,  

Encyc lopedia   of  Chemical  Technology,   2nd  E d i t i o n ,   Vol.  22,  pages  
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90-97  (at  p.  9 1 ) .  

The  kind  of  water  used  as  c a r r i e r   water  in  the  c o a l - w a t e r  

s l u r ry   of  th i s   i n v e n t i o n   may  be  any  a v a i l a b l e   water ,   such  as  m i n e ,  

well ,   r i v e r ,   or  lake  water  or  d e s a l i n a t e d   ocean  water  having  a 

5  s u f f i c i e n t l y   low  mineral  sa l t   content   such  that   the  e l e c t r o c h e m -  

i s t r y   of  the  bound  water  layer  and  c a r r i e r   water  i n t e r f a c e   can  be 

c o n t r o l l e d ,   in  accordance   with  the  i n v e n t i o n   and  co r ros ion   of  m i l l -  

ing  f a c i l i t i e s ,   pipe  l ines   and  furnaces   will  be  minimized  and  con-  
t r o l l a b l e .  

10  When  water  is  added  to  a  carbonaceous   powder  comprised  o f  

f i ne ly   divided  p a r t i c l e s ,   and  if  the  water  "wets"  the  powder,  a 

sur face   water  film  is  adsorbed  on  each  p a r t i c l e   which  is  known  t o  

be  s t r u c t u r a l l y   d i f f e r e n t   from  the  su r rounding   " f ree"   or  b u l k  

water ,   in  tha t   the  film  may  be  desc r ibed   as  " s e m i - r i g i d " ,   or  "bound 

15  water  f i lm" .   Depending  on  the  fundamental  e l e c t r i c a l   p o t e n t i a l   o f  

the  s u r f a c e ,   th i s   " s e m i - r i g i d "   or  bound  water  film  may  be  of  s e v e r -  

al  molecules   t h i c k n e s s .  

In  another   embodiment,  a  mixture  of  water  and  a  water-mi  s c i b l e  

alcohol  is  the  wa te r -based   l i qu id   used  in  the  s l u r r y   of  th i s   i n v e n -  

20  t i o n .   The  a l coho l s   are  complete ly   or  p a r t i a l l y   water  m i s c i b l e ,  

e .g .   methanol  ,  e thanol   ,  n-propanol  ,  i s o p r o p a n o l ,   t - b u t a n o l   ,  g l y c e -  

rol  ,  e tc .   Thus,  by  way  of  i l l u s t r a t i o n   and  not  l i m i t a t i o n ,   one  may 
use  mixtures   of  water  and  an  a l coho l ,   e .g .   methanol .   One  can  u se  

mixtures   comprised  of  from  about  1  to  about  49  volume  percent   o f  

25  alcohol  and  from  about  51  to  about  99  volume  percent   of  water .   In 

one  p r e f e r r e d   embodiment,  the  mixture  is  comprised  of  from  about  1 

to  about  15  volume  percent   of  alcohol  with  the  remainder  of  t h e  

l i qu id   c o n s i s t i n g   e s s e n t i a l l y   of  water .   It  is  p r e f e r r e d   tha t   t h e  

alcohol  be  l i q u i d   and  water  misc ib le   and  tha t   it  conta in   from  a b o u t  

30  1  to  about  10  carbon  atoms,  e .g .   methanol ,   e t h a n o l ,   i s o p r o p a n o l ,  

t - b u t a n o l ,   g lycero l   ,  e t c .  

High  so l id s   conten t   aqueous  coal  s l u r r i e s   and,  in  p a r t i c u l a r ,  

the  t r a n s p o r t   t h e r e o f   by  p i p e l i n e   are  well  known.  A  high  s o l i d s  

conten t   aqueous  coal  s l u r ry   is  g e n e r a l l y   def ined  as  c o n t a i n i n g   from 

35  about  50%  to  about  80%  by  weight  of  par t i   cul  ate  coal  based  on  t h e  

weight  of  the  coal  water  mix tu re .   The  coal  s l u r r i e s   of  th i s   i n -  
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vent  ion  may  conta in   from  about  50%  to  about  80%  by  weight  par t i   cu -  
la te   coal ,   but  p r e f e r a b l y   conta in   from  about  65%  to  about  70%  by 

weight  part  icul  ate  c o a l .  

The  p o l y ( a l k y l e n e   oxide)  s u r f a c t a n t   useful   in  th i s   i n v e n t i o n  
5  is  a  long  chain  organic   compound,  or  a  mix ture   t h e r e o f ,   having  a 

d i s t i n c t   h y d r o p h i l i c   por t ion   der ived  from  e thy lene   oxide  and  a 
d i s t i n c t   hydrophobic   por t ion   der ived  from  a  h igher   a lky lene   o x i d e .  

The  s u r f a c t a n t ,   when  added  to  aqueous  s o l u t i o n s   at  a  level  of  abou t  
0.1%  by  weight  or  h ighe r ,   y ie ld   aqueous  s o l u t i o n s   having  a  s u r f a c e  

10  t en s ion   below  50  dynes/cm.  Examples  of  s u i t a b l e   s u r f a c t a n t s   i n -  

clude  w a t e r - s t a r t e d   block  copolymers  of  e thy lene   oxide  with  a 
h igher   a lky lene   oxide  such  as  propylene   oxide .   S p e c i f i c   examples  
inc lude   the  block  co-polymers  of  e thy lene   oxide  and  propylene  o x i d e  
sold  by  BASF  under  the  tradename  P l u r o n i c .  

15  A  hydroxyalkyl   e ther   of  a  po lyga lac tomannan   is  the  other  e s -  
s e n t i a l   component  in  the  coal  water  mix tures   of  t h i s   i n v e n t i o n .  

Useful  in  the  p r a c t i c e   of  th is   i nven t ion   are  p o l y g a l a c t o m a n n a n  

p o l y s a c c h a r i d e s   that   have  been  e t h e r i f i e d   by  the  r e a c t i o n   of  t h e  
free  hydroxyl  groups  of  the  po lyga lac tomannans   with  an  a l k y l e n e  

20  oxide  lower  a l k a n o l - s t a r t e d ,   e .g .   methanol  ,  block  copolymers  o f  

e thy lene   oxide  and  a  higher   a lky lene   oxide ,   lower  g l y c o l - s t a r t e d  
block  copolymers ,   e .g .   e thy lene   or  p ropylene   glycol  ,  e thy lene   o x i d e  
and  a  h igher   a lky lene   oxide,   and  the  l i k e .  

A  po lyga lac tomannan   p o l y s a c c h a r i d e   is  a  p o l y s a c c h a r i d e   com- 
25  p r i sed   of  r e p e a t i n g   uni ts   der ived  from  g a l a c t o s e   and  mannose 

suga r s .   Sources  of  po lyga lac tomannans   inc lude   the  endosperm  s e c -  
t ions   of  the  seeds  of  leguminous  p lan t s   such  as  guar  seeds  and 

locus t   b e a n s .  

The  p r e f e r r e d   hydroxyalkyl   e the r s   are  hydroxyalkyl   guar  gums, 
30  e .g .   hydroxypropyl   guar  gum  and  hydroxyethyl   guar  gum,  which  a r e  

g e n e r a l l y   prepared  by  the  base  c a t a lyzed   r e a c t i o n   of  an  a l k y l e n e  
oxide ,   e .g .   propylene   oxide  or  e thy lene   ox ide ,   r e s p e c t i v e l y ,   w i t h  

guar  gum.  The  term  "hydroxyalkyl   e ther   of  a  p o l y g a l a c t o m a n n a n "  
also  encompasses  mixed  d e r i v a t i v e s ,   e .g .   those  wherein  both  an 

35  a lky lene   oxide  and  a  second  e t h e r i f y i n g   agent  used  to  e t h e r i f y   t h e  

p o l y g a l a c t o m a n n a n .   S u i t a b l e   secondary  e t h e r i f y i n g   agents  inc lude   a 
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secondary  a lky lene   oxide  and/or   a l k y l a t i n g   agents  such  as  a lky!  

h a l i d e s ,   e .g .   methyl  c h l o r i d e .   The  use  of  such  secondary  e t h e r i -  

fying  agents  will  produce  a  mixed  hydroxyalkyl   e ther   of  a  p o l y -  
gal  actomannan.  The  amount  of  secondary  e t h e r i f y i n g   agent  should  be 

5  c o n t r o l l e d   so  as  not  to  adve r se ly   a f f e c t   the  performance  of  t h e  

hydroxyalkyl   e ther   of  a  polygal  actomannan.   For  example,  a  hydroxy-  
alkyl  e ther   of  a  polygal  actomannan  having  a  hydroxypropyl   mo la r  

s u b s t i t u t i o n   (m.s.)   of  from  about  0.01  to  about  3.0  in  an  aqueous  
system  and  from  about  0.2  to  about  4.0  in  an  alcohol  system;  a 

10  methyl  degree  of  s u b s t i t u t i o n   of  about  0.01  to  about  2.0  is  s u i t -  

able  for  use  in  th i s   i n v e n t i o n .  

Mixtures  of  hydroxyalkyl   e ther   d e r i v a t i v e s ,   are  also  contem- 

plated  e .g .   a  mixture  of  a  hydroxypropyl  guar  and  a  h y d r o x y e t h y l  

guar  or  a  mixture  of  a  hydroxypropyl  guar  and  a  hydroxypropy l  
15  methyl  g u a r .  

The  hydroxyalkyl   e ther   of  a  polygal  actomannan  is  added  to  t h e  

coal  -water   mixture  in  amounts  such  tha t   the  t o t a l   c o n c e n t r a t i o n   o f  

e t h e r i f i e d   polygal  actomannan  in  the  c o a l - w a t e r   mixture  may  v a r y  
from  about  0.02%  to  about  0.2%  based  on  the  weight  of  the  coa l  

20  water  m i x t u r e .  

When  p repar ing   the  coal  water  mixtures   of  the  present   i n v e n -  

t i o n ,   it  is  p r e f e r r e d   that   the  nonionic  s u r f a c t a n t   be  added  to  t h e  

carbonaceous   s l u r r y   pr ior   to  the  a d d i t i o n   of  the  s t a b i l i z e r   t o  

prevent   any  i n t e r a c t i o n   between  the  su r face   of  the  coal  and  modi-  

25  fied  p o l y s a c c h a r i d e   polymer  used  as  a  s t a b i l i z e r ,   which  may  o t h e r -  

wise  o c c u r .  

More  p a r t i c u l a r l y ,   in  p repa r ing   the  coal  water  mixtures   o f  

th i s   i n v e n t i o n ,   the  s u r f a c t a n t   and  other   op t iona l   a d d i t i v e s   such  as 
conven t iona l   defoaming  agen ts ,   if  d e s i r e d ,   are  f i r s t   added  to  w a t e r  

30  and  mixed,  under  low  speed  a g i t a t i o n   c o n d i t i o n s   such  as  at  from 

about  500  rpm  to  about  1,500  rpm,  p r e f e r a b l y   about  1,000  rpm  for  a 
time  of  from  about  30  seconds  to  about  3  minu tes ,   p r e f e r a b l y   a b o u t  

1  minute .   The  aqueous  mixture  is  charged  to  a  ball  mill  c o n t a i n i n g  

coa r se ly   ground  coal ;   e . g . ,   a  t ops i ze   of  1 /4" .   The  amount  of  coa l  
35  as  a  percen tage   of  to ta l   ma te r ia l   charged  to  the  m i l l ,   coa l ,   w a t e r ,  

chemica l s ,   may  vary  from  50  to  75%  and  is  t y p i c a l l y   70%.  The  b a l l  
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size  and  charge  in  r e l a t i o n   to  the  amount  of  ma te r i a l   to  be  m i l l e d  
is  de termined  in  accordance  with  commonly  p r a c t i c e d   t echn iques   as 
are  o ther   m i l l i n g   pa rame te r s ;   e . g . ,   speed  and  du ra t i on   of  r o t a t i o n .  
In  order  to  ma in ta in   a  cons t an t   p a r t i c l e   size  d i s t r i b u t i o n   m i l l i n g ,  

5  pa ramete r s   are  ad jus t ed   to  compensate  for  d i f f e r e n c e s   in  coal  t y p e s  
and/or   chemical  a d d i t i v e s .  

After   the  coal  -water   mixture   has  been  prepared  by  wet  m i l l i n g ,  
water  is  added  to  bring  the  so l ids   to  the  des i r ed   l e v e l .   Using 
mild  a g i t a t i o n   the  polymeric  s t a b i l i z e r   is  slowly  d e l i v e r e d   to  t h e  

10  mixture  p r e f e r a b l y   in  powder  form,  and  the  a g i t a t i o n ,   3-4000  RPM, 
is  con t inued   for  30-40  minutes  a f t e r   which  time  the  polymer  i s  
comple te ly   d i s s o l v e d .   F i n a l l y ,   a  p r e s e r v a t i v e ,   such  as  f o r m a l d e -  
hyde,  is  added  in  s o l u t i o n   or  powder  f o rm.  

An  a l t e r n a t e   procedure  by  which  a  high  s o l i d s ,   f lu id   c o a l -  
15  water  mixture   may  be  prepared  is  to  d i s p e r s e   p u l v e r i z e d   coal  in  a 

s o l u t i o n   of  s u r f a c t a n t ,   water ,   and  if  n e c e s s a r y ,   o ther   p r o c e s s i n g  
aids  such  as  defoamers  or  pH  modifying  agen t s .   The  pu lve r i zed   coa l  
is  t y p i c a l l y   ground  to  75-90%  pass ing  through  a  Tyler  200  mesh 
screen  s i z e .   By  a  p r e f e r r e d   procedure   4  b a f f l e s ,   90°  a p a r t ,   a r e  

20  i n s e r t e d   in  a  c y l i n d r i c a l   vessel   and  a  4 -paddle   impe l l e r   is  r o t a t e d  
at  500-1500  RPM.  The  dimensions  of  the  b a f f l e s   are  impe l l e r   r e l a -  
t ive   to  the  vessel   geometry  and  are  in  accordance   with  s t a n d a r d  

e n g i n e e r i n g   p r i n c i p l e s .   The  p u l v e r i z e d   coal  is  slowly  added  to  t h e  
a g i t a t e d   s o l u t i o n   and  a f t e r   all  has  been  charged ,   a g i t a t i o n   i s  

25  cont inued   for  an  a d d i t i o n a l   15-60  minu te s .   The  polymeric   s t a b i l -  
izer   is  then  added  with  mild  a g i t a t i o n ,   2-400  RPM,  and  allowed  t o  
t h o r o u g h l y   d i s s o l v e .  

Typical   mixing  or  d i s p e r s i n g   appa ra tu s   employed  herein   i n c l u d e  
for  example  Premiere  Mill  Company's  H i - V i s p e r s a t o r   High  Speed  D i s -  

30  p e r s e r .  

It  is  to  be  unders tood  tha t   the  above  i n d i c a t e d   r e s i d e n c e  
t imes ,   mixing  speeds ,   e t c . ,   may  vary  accord ing   to  the  s p e c i f i c  

process   r e q u i r e m e n t s   such  as  the  volume  of  i n g r e d i e n t s ,   size  o f  

a p p a r a t u s ,   mixing  e f f i c i e n c y ,   e tc .   Thus,  for  example,  depending  on 
35  the  sca le   of  the  o p e r a t i o n ,   e .g .   p i l o t   p l a n t ,   p l a n t ,   e t c . ,   t h e s e  

process   c o n d i t i o n s   of  the  p resen t   i n v e n t i o n   may  be  ad jus ted   a c c o r d -  
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ing ly .   As  i n d i c a t e d   above,  a d d i t i v e s   that   can  be  added  to  the  coal  

water  mixtures   inc lude   defoaming  agen t s ,   s a l t s ,   bases ,   or  o t h e r  

modifying  agen t s ,   and  accommodations  of  these  m a t e r i a l s .   G e n e r a l -  

ly,  the  defoaming  agents  that   can  be  used  are  convent iona l   and 

5  include  both  s i l i c a   and  n o n - s i l i c a   c o n t a i n i n g   compos i t i ons .   A 

commercia l ly   a v a i l a b l e   defoaming  agent  s u i t a b l e   for  use  in  t h e  

mixtures   is  COLLOID®  691,  suppl ied  by  C o l l o i d s ,   Inc.  This  composi -  

t ion  g e n e r a l l y   comprises  a  mixture  c o n t a i n i n g   mineral  o i l ,   amide 

and  an  e s t e r .  

10  In  p repar ing   the  composi t ions   the  weight  r a t i o   of  the  n o n i o n i c  

s u r f a c t a n t s   to  the  water  is  from  about  0 .1:40  to  about  1:25.  In 

the  p r e f e r r e d   embodiments  a  defoaming  agent  is  added  to  a s s i s t   in  

p r o c e s s i n g .   The  weight  r a t io   of  defoaming  agent  to  water  is  from 

about  1:25  to  about  0 .01 :40 .   The  p u l v e r i z e d   coal  is  then  mixed 

15  with  water  in  a  por t ion   of  about  65  par ts   to  about  75  par ts   by 

weight  coal  to  the  above  desc r ibed   mixture  to  obtain  a  f l o w a b l e  

l i q u i d .   The  amount  of  e t h e r i f i e d   polygalac tomannan  desc r ibed   above 

can  then  be  added  to  s t a b i l i z e   the  mixture  with  r e spec t   to  p a r t i c l e  

s e t t l i n g   and  bed  compact ion.   Other  a d d i t i v e s   such  as  s a l t s   o r  

20  bases ,   a n t i b a c t e r i a l   agents  such  as  formaldehyde ,   and  the  the  l i k e ,  

v i s c o s i t y   s t a b i l i z e r s   such  as  ammonia,  e tc .   can  also  be  added  in  

about  0.1  to  about  0.3  par ts   by  weight  of  the  to ta l   mixture  t o  

f u r t h e r   a s s i s t   in  d i s p e r s i n g   the  coal  and  providing  other   advan-  

t a g e s .  

25  EXAMPLE  I 

I n i t i a l l y   a  cold  water  mixture  was  prepared  without   the  a d d i -  

t ion  of  the  formaldehyde  or  hydroxypropyl  ga lac tomannan.   The  ba se ,  

c o a l - w a t e r   mixture  was  prepared  by  charging  a  ball  mill  with  t h e  

fo l lowing  m a t e r i a l s   in  the  p r o p o r t i o n s   i n d i c a t e d   and  mi l l ing   u n t i l  

30  83%  by  weight  of  the  p a r t i c l e s   passed  through  a  t y l e r   200  mesh 

sc reen .   The  fo l lowing  i n g r e d i e n t s   were  combined  in  the  f o l l o w i n g  

weight  p e r c e n t s :  
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TABLE  1 

Amount 

Bituminous  Coal 

( P i t t s t o n   Moss  #1  1/4  Top  Size)  70  Wt.  % 

5  E thoxy la t ed   Nonyl  phenol  S u r f a c t a n t  

(Igepal®  CO-990;  GAF  Corp)  0.55  Wt.  % 

A  Hydrocarbon  Based  Defoamer  0.30  Wt.  % 

Water  29.15  Wt.  % 

After   m i l l i n g   had  decreased   the  p a r t i c l e   s ize  to  the  s t a t e d ,  
10  the  m a t e r i a l   was  then  s p l i t   into  4  equal  samples  and  0.05%  by  w t .  

of  formaldehyde  was  added  to  each  sample  as  a  p r e s e r v a t i v e .   Hy- 
droxypropyl   galactomannan  (Ga lac taso l®  416;  Henkel  Corp.)  was  added 
to  3  of  the  samples  in  the  amounts  i n d i c a t e d   below  in  Table  2 .  

A  Haake  Rv  12  Rotovisco  Rheometer  was  used  to  determine  t h e  
15  i n i t i a l   apparent   v i s c o s i t y ,   (shear   s t r e s s   d iv ided  by  shear  rate   a t  

a  shear  s e t t i n g   of  57.6  S"1.  After   the  d e t e r m i n a t i o n   of  a p p a r e n t  
v i s c o s i t y ,   all  four  samples  were  placed  in  s t a t i c   s to rage   at  am- 
b ient   c o n d i t i o n s   for  a  period  of  8  weeks.  After   t h i s   s t a t i c   s t o r -  

age  t ime,   the  amount  of  hard-packed   sediment  accumula t ing   at  t h e  
20  bottom  of  the  sample  j a r   was  de termined  by  i n s e r t i n g   a  6  inch  meta l  

m a c h i n i s t ' s   r u l e r .   The  ru l e r   p e n e t r a t e d   the  s l u r r y   with  the  use  o f  
l i g h t   hand  p r e s su re   unt i l   the  hard  pack  sediment  is  d e t e c t e d .   When 
the  hard  pack  sediment  is  reached ,   the  depth  of  p e n e t r a t i o n   is  r e a d  
from  the  r u l e r .   The  amount  of  sediment  is  expressed   as  a  p e r c e n -  

25  tage  of  the  t o t a l   sample  height   :{ho-h) /hQ  x  lOOg  where  hQ  =  t o t a l  

sample  he ight   in  the  c o n t a i n e r ,   h  =  depth  of  non-sedimented   and 

loose ly   packed  m a t e r i a l .  
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TABLE  2 

%  Concen t r a t i on   I n i t i a l   Reading  Percent  Sediment  

of  Hydroxypropyl  of  Apparent  8  Weeks  a f t e r  
Galactomannan  Vi scos i ty   (CPS)  V i s c o s i t y   Reading 

0.0  456  7 0 . 4  

0.05  1070  4 8 . 1  

0.075  1980  18 .8  

0.1  2700  5 . 0  

EXAMPLE  II  

10  I n i t i a l l y   a  coal  water  mixture  was  prepared  without   the  a d d i -  

t ion  of  the  formaldehyde  or  hydroxypropyl  ga lac tomannan.   The  b a s e  

c o a l - w a t e r   mixture  was  prepared  by  charging  a  ball  mill  with  t h e  

fo l lowing  m a t e r i a l s   in  the  p r o p o r t i o n s   i n d i c a t e d   and  mi l l ing   u n t i l  

83%  by  weight  of  the  p a r t i c l e s   passed  through  a  t y l e r   200  mesh 

15  sc reen .   The  fo l lowing  i n g r e d i e n t s   were  combined  in  the  f o l l o w i n g  

weight  p e r c e n t s :  

TABLE  3 

Amount 

Bituminous  Coal 

20  ( P i t t s t o n   Moss  #1,  1/4"  top  s ize)   70  Wt.  % 

Ethyl  ene  Oxide  Propylene  Oxide 

Block  Co-polymer  S u r f a c t a n t  0.45  Wt.  % 

Hydrocarbon  Based  Defoamer 

(Col loids®  691;  Col lo ids   I n c . )  0.3  Wt.  % 

29.25  Wt.  % 25  Water 

After   mi l l ing   had  decreased   the  p a r t i c l e   size  to  the  s t a t e d ,  

the  ma te r i a l   was  then  s p l i t   into  4  equal  samples  and  0.05%  by  w t .  
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of  formaldehyde  was  added  to  each  sample  as  a  p r e s e r v a t i v e .   Hy- 
droxypropyl   galactomannan  (Galac taso l®  416;  Henkel  Corp.)  was  added 
to  3  of  the  samples  in  the  amounts  i n d i c a t e d   below  in  Table  2 .  

A  Haake  Rv  12  Rotovisco  Rheometer  was  used  to  determine  t h e  
5  i n i t i a l   apparent   v i s c o s i t y ,   ( shear   s t r e s s   divided  by  shear  rate  a t  

a  shear  s e t t i n g   of  57.6  S"1.  After   the  d e t e r m i n a t i o n   of  a p p a r e n t  
v i s c o s i t y ,   all  four  samples  were  placed  in  s t a t i c   s torage   at  am- 
bient   c o n d i t i o n s   for  a  period  of  8  weeks.  After   th i s   s t a t i c   s t o r -  
age  t ime,   the  amount  of  hard-packed  sediment  accumulat ing  at  t h e  

10  bottom  of  the  sample  jar   was  de termined  by  i n s e r t i n g   a  6  inch  me ta l  
m a c h i n i s t ' s   r u l e r .   The  ru l e r   p e n e t r a t e d   the  s l u r r y   with  the  use  o f  
l i g h t   hand  p re s su re   unt i l   the  hard  pack  sediment  is  d e t e c t e d .   When 
the  hard  pack  sediment  is  reached ,   the  depth  of  p e n e t r a t i o n   is  r ead  
from  the  r u l e r .   The  amount  of  sediment  is  expressed  as  a  p e r c e n -  

15  tage  of  the  t o t a l   sample  height   : (hQ-h) /h0   x  lOOg  where  hQ  =  t o t a l  
sample  height   in  the  c o n t a i n e r ,   h  =  depth  of  non-sedimented  and 
l o o s e l y   packed  m a t e r i a l .  

TABLE  4 

Percent   s e d i m e n t  
20  Polymer  I n i t i a l   Reading  of  8  weeks  a f t e r  

C o n c e n t r a t i o n   Apparent  V i s c o s i t y   v i s c o s i t y   r e a d i n g  

0.00  965  61 .21  
0.05  2220  7 . 2  
0.075  2830  0 . 0  

25  0.10  5540  0 . 0  
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WHAT  IS  CLAIMED  IS 

1.  A  coal  water  mixture  compris ing:   a)  a  p o l y ( a l k y l e n e   o x i d e )  

s u r f a c t a n t   comprised  of  a  h y d r o p h i l i c   por t ion  der ived  from 

e thy lene   oxide  and  a  hydrophobic  por t ion   derived  from  a  h i g h e r  

a lky lene   oxide;  and  b)  a  s t a b i l i z e r   comprising  a  h y d r o x y a l k y l  

e ther   of  a  p o l y g a l a c t o m a n n a n .  

2.  A  composi t ion   in  accordance  with  claim  1  wherein  the  s u r f a c t a n t  

is  p resen t   in  an  amount  s u f f i c i e n t   to  wet  the  coal  p a r t i c l e s  

p resen t   in  the  mixture  and  wherein  the  amount  of  the  s t a b i l i z e r  

is  s u f f i c i e n t   to  s t a b i l i z e   the  coal  water  mixture  with  r e s p e c t  

to  p a r t i c l e   s e t t l i n g   and  bed  c o m p a c t i o n .  

3.  A  composi t ion   in  accordance  with  claim  1  wherein  the  coal  i s  

p u l v e r i z e d   coal  . 

4.  A  composi t ion  in  accordance  with  claim  1  wherein  the  coal  i s  

p resen t   in  an  amount  from  about  50%  to  about  80%  by  weight  o f  

the  coal  water  m i x t u r e .  

5.  A  composi t ion   in  accordance  with  claim  1  wherein  the  h i g h e r  

a lky lene   oxide  of  the  s u r f a c t a n t   is  propylene  o x i d e .  

6.  A  composi t ion  in  accordance  with  claim  1  wherein  the  s u r f a c t a n t  

is  an  e t h o x y l a t e d ,   p ropoxyla ted   propylene  glycol  . 

7.  A  composi t ion   in  accordance  with  claim  1  wherein  the  hydroxy-  

alkyl  e ther   of  a  polygalac tomannan  is  a  hydroxy-propyl   e t h e r .  

8.  A  composi t ion   in  accordance  with  claim  1  wherein  the  hydroxy-  

alkyl  e ther   of  a  polygalac tomannan  is  a  hydroxyalkyl   e ther   o f  

g u a r .  

9.  A  composi t ion   in  accordance  with  claim  1  wherein  the  s t a b i l i z e r  

is  hydroxypropyl  g u a r .  
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10.  A  composi t ion   in  accordance  with  claim  1  wherein  the  s t a b i l i z e r  
is  a  hydroxypropyl   methyl  g u a r .  

11.  A  process   for  p repa r ing   a  coal  water  mixture  compr is ing:   i )  

forming  a  mixture   of  par t i   cul  ate  coa l ,   water  and  a  p o l y ( a l k y l -  
ene  oxide)  s u r f a c t a n t   comprised  of  a  h y d r o p h i l i c   por t ion   d e -  
rived  from  e thy lene   oxide  and  a  hydrophobic   por t ion   d e r i v e d  
from  a  h igher   a lky lene   oxide;  i i )   adding  to  the  r e s u l t a n t  
mixture   a  s t a b i l i z i n g   amount  of  a  s t a b i l i z e r   comprised  of  a 
hydroxyalkyl   e ther   of  a  po lyga lac tomannan ;   and  i i i )   mixing  t h e  
r e s u l t a n t   composi t ion   to  form  a  homogeneous  m i x t u r e .  

12.  In  a  method  for  t r a n s p o r t i n g   or  pumping  a  coal  -water   m i x t u r e ,  
the  improvement  of  having  present   in  the  coal  water  m i x t u r e :  
a)  a  p o l y ( a l k y l e n e   oxide)  s u r f a c t a n t   comprised  of  a  h y d r o p h i l i c  
po r t ion   der ived   from  e thy lene   oxide  and  a  hydrophobic  p o r t i o n  
de r ived   from  a  higher   a lky lene   oxide;   and  b)  a  s t a b i l i z e r   com- 
p r i s i n g   a  hydroxyalkyl   e ther   of  a  p o l y g a l a c t o m a n n a n .  
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