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@>  Carbonaceous  materials  in  water  slurries. 

Stabilized  carbonaceous  materials  in  water  slurries 
having  reduced  viscosity  and  improved  pumpability  are 
obtained  by  having  present  an  ammonium  salt  of  naph- 
thalenesulfonic  acid  formaldehyde  condensate  as  a  sta- 
bilizer,  the  ammonium  condensate  being  present  in  an 
amount  sufficient  to  reduce  viscosity  of  the  aqueous  car- 
bonaceous  slurry  and  to  improve  its  pumpability.  From 
about  0.01  to  about  5%  by  weight  of  the  ammonium  conden- 
sate  may  be  added  to  a  coal  water  slurry  containing  from 
about  50  to  about  80%  or  higher  solids  with  the  balance 
being  water. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  the   I n v e n t i o n  

This   i n v e n t i o n   r e l a t e s   to  c a r b o n a c e o u s   m a t e r i a l s  

in  w a t e r   s l u r r i e s   and  more  p a r t i c u l a r l y   to  c o a l   in  w a t e r  
s l u r r i e s   s t a b i l i z e d   w i t h   ammonium  s a l t s   o f  

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

2.  D e s c r i p t i o n   of  the   P r i o r   A r t  

T r a n s p o r t   is  one  of  the   m a j o r   p r o b l e m s   i n v o l v e d  

in  use  of  p a r t i c u l a t e   c a r b o n a c e o u s   m a t e r i a l s   such  as  c o a l .  

One  method   of  t r a n s p o r t   i n v o l v e s   aqueous   s l u r r i e s .  

However ,   a q u e o u s   s l u r r i e s   of  f i n e l y   g r o u n d   coa l   c o n t a i n i n g  

over   55  w e i g h t   p e r c e n t   s o l i d s   a re   d i f f i c u l t   to  pump  w i t h  

s l u r r y   pumps.  This   is  b e c a u s e   as  the   s o l i d s   l e v e l   i s  

i n c r e a s e d   above  50  w e i g h t   p e r c e n t ,   w a t e r   and  s o l i d s   t e n d  

to  s e p a r a t e   c a u s i n g   c o a l   p a r t i c l e s   to  b u i l d   up  in  v a r i o u s  

a r e a s   in  the   pumping  s y s t e m .   This   d e w a t e r i n g   of  t h e  

s l u r r y   c a u s e s   b l o c k a g e   and  jamming  in  the   pumping  s y s t e m .  
On  the   o t h e r  h a n d ,   d e c r e a s i n g   the   w e i g h t   p e r c e n t  

of  w a t e r   in  a q u e o u s   c o a l   s l u r r i e s   is  d e s i r a b l e   b e c a u s e  

w a t e r   is  a  m a j o r   c o n t r i b u t o r   to  the   c o s t   of  t r a n s p o r t   a n d  

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

g r e a t e r   is  the   volume  of  coa l   t h a t   can  be  moved,  r e s u l t i n g  
in  t r a n s p o r t   e f f i c i e n c i e s .   F u r t h e r ,   w a t e r   r e s o u r c e s   a r e  
l i m i t e d .   A l s o ,   d u r i n g   b u r n i n g   of  c o a l ,   a  s i g n i f i c a n t  
amount  of  h e a t   is  r e q u i r e d   to  v a p o r i z e   the   w a t e r .   As  t h e  

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



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

were  h e r e t o f o r e   f e a s i b l e   would   be  of  g r e a t   i m p o r t a n c e .  

U.S.  P a t e n t   No.  4 , 2 8 2 , 0 0 6  -   Funk,  Augus t   4 ,  

1981,  d e s c r i b e s   a  p i p e l i n e   pumpab le   coa 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 n t e n t   of  c o a l   p a r t i c l e s   w i t h   a  minimum  o f  

v o i d   s p a c e s   and  a  maximum  of  p a r t i c l e   s u r f a c e   a r e a   t o  

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

a n d / o r   d i s p e r s i n g   a g e n t s   added  to  the   s l u r r y .   F o r  

d i s p e r s i n g   a g e n t s ,   see  Column  29,  l i n e   53  to  Column  3 1 ,  

l i n e   9,  i n c l u d i n g   c o n d e n s e d   m o n o n a p h t h a l e n e   s u l f o n i c   a c i d  

and  i t s   sodium  and  ammonium  s a l t s   (Column  30,  l i n e s   19  a n d  

2 0 ) .  

SUMMARY  OF  THE  INVENTION 

S t a b i l i z e d   c a r b o n a c e o u s   m a t e r i a l s   in  w a t e r  

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

a re   o b t a i n e d   by  h a v i n g   p r e s e n t   an  ammonium  s a l t   o f  

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

s t a b i l i z e r ,   the   ammonium  c o n d e n s a t e   b e i n g   p r e s e n t   in  a n  

amount  s u f f i c i e n t   to  r e d u c e   v i s c o s i t y   of  the   a q u e o u s  

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

DETAILED  DESCRIPTION 

The  ammonium  s a l t   of  n a p h t h a l e n e s u l f o n i c   a c i d  

f o r m a l d e h y d e   c o n d e n s a t e ,   h e r e i n a f t e r   r e f e r r e d   to  a s  
ammonium  c o n d e n s a t e   fo r   c o n v e n i e n c e ,   is  p r e s e n t   in  t h e  

s l u r r y   in  amounts   s u f f i c i e n t   to  r e d u c e   v i s c o s i t y   of  t h e  

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

ammonium  c o n d e n s a t e   added ,   b a s e d   on  the   t o t a l   w e i g h t   o f  

the   c a r b o n a c e o u s   m a t e r i a l s   w a t e r   s l u r r y ,   can  be  up  to  10% 

b y  w e i g h t ,   p r e f e r a b l y   from  abou t   0.01%  by  w e i g h t   to  a b o u t  
5.0%  by  w e i g h t .   For  e x a m p l e ,   from  abou t   0.05%  by  w e i g h t   t o  
abou t   0.5%  by  w e i g h t   of  the   ammonium  c o n d e n s a t e ,   b a s e d   o n  
the   t o t a l   w e i g h t   of  the   s l u r r y ,   i . e . ,   s o l i d s   p l u s   w a t e r ,  
can  be  u sed .   Amount  of  the   ammonium  c o n d e n s a t e   is  e a s i l y  
d e t e r m i n e d   by  i n t r o d u c i n g   the   c o n d e n s a t e   in  an  a m o u n t  
s u f f i c i e n t   to  form  a  s o f t   s e d i m e n t .   The  r e s u l t i n g  



s l u r r i e s   w i l l   g e n e r a l l y   have   from  abou t   50  to  abou t   80%  b y  

w e i g h t   s o l i d s   or  h i g h e r   w i t h   the   b a l a n c e   b e i n g   w a t e r .  
Ammonium  s a l t s   of  n a p h t h a l e n e s u l f o n i c   a c i d   f o r m a l d e h y d e  
c o n d e n s a t e s   have  the   f o l l o w i n g   a d v a n t a g e s   ove r   sodium  o r  
o t h e r   m e t a l   s a l t s   of  t h e s e   c o n d e n s a t e s :  

(a)  Ammonium  c o n d e n s a t e s   do  no t   c o n t r i b u t e  

to  ash  or  s l a g   f o r m a t i o n   d u r i n g  
c o m b u s t i o n   of  s l u r r y ;  

(b)  Ammonium  c o n d e n s a t e s   have  i m p r o v e d  

p e r f o r m a n c e   as  s l u r r y   s t a b i l i z e r s ;  

(c)  S o l u t i o n s   of  ammonium  c o n d e n s a t e s  

have  l ower   m a n u f a c t u r i n g   c o s t ;   a n d  

(d)  S o l u t i o n s   of  ammonium  c o n d e n s a t e s  

have  i m p r o v e d   co ld   s t o r a g e   s t a b i l i t y .  

Ammonium  c o n d e n s a t e s   a re   i n t r o d u c e d   i n t o  

s l u r r i e s   at  any  c o n v e n i e n t   p o i n t   d u r i n g   t h e i r   p r e p a r a t i o n .  
The  t e rm  " c a r b o n a c e o u s   m a t e r i a l s " ,   as  u s e d  

h e r e i n ,   e n c o m p a s s e s   s o l i d   p a r t i c u l a t e   c a r b o n a c e o u s   f o s s i l  
f u e l   m a t e r i a l s   which   may  have  been   p o w d e r e d   or  p u l v e r i z e d  
to  a  s i z e   where   at  l e a s t   80%  w i l l   pas s   t h r o u g h   a  200  m e s h  

s c r e e n   (U.S.  S e r i e s ) .   U s e f u l   c a r b o n a c e o u s   m a t e r i a l s  
i n c l u d e   b i t u m i n o u s   and  a n t h r a c i t e   c o a l s ,   coke ,   p e t r o l e u m  
coke,   l i g n i t e ,   c h a r c o a l ,   p e a t ,   a d m i x t u r e s   t h e r e o f   and  t h e  

l i k e .   These   m a t e r i a l s   a re   c r u s h e d   and  m i l l e d   to  o b t a i n  

f i n e l y   d i v i d e d   p a r t i c l e s   s u i t a b l e   fo r   use  in  p u m p a b l e  
w a t e r   s l u r r i e s .  

Water   u sed   in  s l u r r i e s   may  be  t a k e n   from  a n y  
a v a i l a b l e   s o u r c e   such  as  mine ,   w e l l ,   r i v e r ,   or  l a k e   w a t e r  

or  d e s a l i n a t e d   ocean   w a t e r   h a v i n g   a  s u f f i c i e n t l y   l o w  
m i n e r a l   s a l t   c o n t e n t   such  t h a t   the   e l e c t r o c h e m i s t r y   of  t h e  
bound  w a t e r   l a y e r   and  c a r r i e r   w a t e r   i n t e r f a c e   can  b e  



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

and  f u r n a c e s   w i l l   be  m i n i m i z e d   and  c o n t r o l l a b l e .  

The  ammonium  s a l t   of  n a p h t h a l e n e s u l f o n i c   a c i d  

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

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

u l t i m a t e l y   t r e a t i n g   w i t h   ammonium  h y d r o x i d e .   U s e f u l  

p r o c e s s e s   a re   d e s c r i b e d   in  U.S.  P a t e n t   No.  2 , 1 4 1 , 5 6 9  -  

T u c k e r   et  a l  -   December   27,  1938;  U.S.  P a t e n t   No. 

3 , 1 9 3 , 5 7 5  -   Nebel   et   a l  -   J u l y   6,  1965  and  U.S.  P a t e n t   No.  

3 , 2 7 7 , 1 6 2  -   J o h n s o n  -   O c t o b e r   4,  1 9 6 6 .  

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

c o n d e n s a t e   is  a  m i x t u r e   of  c o n d e n s a t i o n   p r o d u c t s   o f  

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

c h r o m a t o g r a p h e d   by  s i z e   e x c l u s i o n   c h r o m a t o g r a p h y   t h r o u g h   a  
column  c o n t a i n i n g   po re   s i z e s   which   s e l e c t i v e l y   s e p a r a t e  

m o l e c u l a r   vo lumes   a c c o r d i n g   to  s i z e .   The  s o l v e n t   c h o s e n  

fo r   the   a c i d   in  c h r o m a t o g r a p h y   s h o u l d   m i n i m i z e   s o l u t e -  

p a c k i n g   i n t e r a c t i o n   and  s o l u t e - s o l u t e   i n t e r a c t i o n .   T h e  

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

the   e l u e n t s   a re   d i s p l a y e d   on  a  d e t e c t o r - s t r i p   c h a r t  

r e c o r d e r   d i s p l a y .   The  c h r o m a t o g r a m   fo r   a  s ample   of  t h e  
s u l f o n i c   a c i d   used   in   the   e x a m p l e s   is   the   same  as  t h a t   f o r  

the  sodium  n a p h t h a l e n e f o r m a l d e h y d e   s u l f o n a t e   in  U . S .  

P a t e n t   No.  3 , 9 5 4 , 4 9 1  -   A d r i a n   et   a l  -  M a y   4,  1976,  and  t h e  

two  a n i o n i c   m a t e r i a l s   a re   i d e n t i c a l .   That   i s ,   the   a n i o n i c  

m a t e r i a l s   from  the   s u l f o n i c   a c i d   have  the   same  p r o f i l e   a s  
the   a n i o n i c   m a t e r i a l s   from  the   sodium  n a p h t h a l e n e f o r m a l -  

dehyde  s u l f o n a t e   h a v i n g   l o w e s t   e l u t i o n   vo lumes   of  f r o m  

abou t   61  to  abou t   70%  of  the  t o t a l   e l u t i o n   volume  a n d  

e q u i v a l e n t   e l u t i o n   vo lumes   of  from  a b o u t   61  to  abou t   70% 
of  the   t o t a l   e l u t i o n   vo lume.   The  t e a c h i n g s   in  U.S.  P a t e n t  
No.  3 , 9 5 4 , 4 9 1   r e l a t i n g   to  c h r o m a t o g r a p h y   a re   i n c o r p o r a t e d  
by  r e f e r e n c e   h e r e i n .   This   c h r o m a t o g r a p h i c   method   was  
d e s c r i b e d   by  Dr.  H a r o l d   E d e l s t e i n   in   a  p a p e r   e n t i t l e d ,  
"Aqueous  Gel  P e r m e a t i o n   C h r o m a t o g r a p h   of  Some  N a p h t h a l e n e  
S u l f o n i c   Acid   F o r m a l d e h y d e   C o n d e n s a t e s "   p r e s e n t e d   at   t h e  
Mini  Symposium  of  the  N o r t h   J e r s e y   C h r o m a t o g r a p h y   G r o u p  



S u b s e c t i o n   of  the   A .C .S .   on  March  6,  1978  at  Hoffman  L a  

Roche  A u d i t o r i u m ,   C l i f t o n   N . J .  

E v a l u a t i o n   of  S t a b i l i z e r s   f o r  

Aqueous  C a r b o n a c e o u s   S l u r r i e s  

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

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

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

e x a m p l e s   g i v e n   be low.   This   p r o c e d u r e   d e t e r m i n e s   a b i l i t y  
of  t h e s e   ammonium  c o n d e n s a t e s   to  d i s p e r s e   or  s u s p e n d   c o a l  

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

A p p a r a t u s   U s e d  

8 -oz .   p a i n t   c a n  
Low  s h e a r   m e c h a n i c a l   m i x e r   w i t h   a  d o u b l e   b l a d e  

S p a t u l a  
S t o r m e r   v i s c o m e t e r  

R e a g e n t s   U s e d  

Water   of  known  r e c o r d   h a r d n e s s  

Coal  d u s t  -   R e f e r e n c e   c o a l   is  P i t t s t o n   Coal ,   80% 

t h r o u g h   200  mesh  (U.S.  S e r i e s ) .   O t h e r   t y p e s   o f  

c o a l   and  g r i n d   s i z e s   can  be  s u b s t i t u t e d .  

S t a b i l i z i n g   a g e n t  

P r o c e d u r e  

1.  A  s l u r r y   of  c o a l   d u s t   in  w a t e r   is  p r e p a r e d   a s  
f o l l o w s .   Coal  dus t   is  s l o w l y   added  to  w a t e r  
u n d e r   a g i t a t i o n   by  a  low  s h e a r   m e c h a n i c a l   m i x e r  

w i t h   a  d o u b l e   b l a d e .   S i d e s   of  the   c o n t a i n e r   a r e  
s c r a p e d   r e g u l a r l y   w h i l e   m i x i n g .   The  s l u r r y   i s  

a g i t a t e d   fo r   an  a d d i t i o n a l   hour   to  e n s u r e  
u n i f o r m i t y .   The  w e i g h t   %  s o l i d s   in  the  s l u r r y  
is  d e t e r m i n e d   by  d i f f e r e n c e .  



2.  V i s c o s i t y   of  t he   aqueous   coa l   s l u r r y   i s  

d e t e r m i n e d   by  w e i g h i n g   out  200  gram  s amp le s   o f  

the   s l u r r y   i n t o   8  oz.  p a i n t   c ans .   A  s p e c i f i c  

q u a n t i t y   of  the   ammonium  c o n d e n s a t e   is  added  t o  
each  can  unde r   v i g o r o u s   a g i t a t i o n .   A 

c o n c e n t r a t i o n   r a n g e   of  ammonium  c o n d e n s a t e   o f  

from  0 .10  to  1  g r am/200   grams  is  u sed .   Each  c a n  

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

w a t e r .  

3.  Each  can  is   opened   and  each  s l u r r y   is  s t i r r e d  

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

a d j u s t e d   in  o r d e r   to  f i n d   a  r e a d i n g   as  c l o s e   a s  

p o s s i b l e   to  30  s e c o n d s   and  the   c o r r e c t   w e i g h t  
fo r   a  3 0 - s e c o n d   v i s c o s i t y   is  d e t e r m i n e d .  

R e a d i n g s   a re   r e p e a t e d   t w i c e   a f t e r   s t i r r i n g   e a c h  

t ime .   R e a d i n g s   s h o u l d   no t   d i f f e r   by  more  t han   2 

s e c o n d s .   R e a d i n g s   a re   r e p e a t e d   u n t i l   c o n s i s t e n t  
and  the  a v e r a g e   of  two  r e a d i n g s   t a k e n .   R e a d i n g s  
on  s l u r r i e s   c o v e r i n g   a  b r o a d   c o n c e n t r a t i o n   r a n g e  
of  ammonium  c o n d e n s a t e   a re   t a k e n   to  the   p o i n t  
where   the   ammonium  c o n d e n s a t e   no  l o n g e r   r e d u c e s  

v i s c o s i t y   of  the   s l u r r y   a n d / o r   c o a l   p r e c i p i t a t e s  
from  the  s l u r r y .  

4.  Seconds   and  w e i g h t   a re   c o n v e r t e d   i n t o   k r e b s  
u n i t s .   Krebs  u n i t s   are   t hen   c o n v e r t e d   t o  

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

For  a  f u l l e r   u n d e r s t a n d i n g   of  the   n a t u r e   a n d  

a d v a n t a g e s   of  t h i s   i n v e n t i o n ,   r e f e r e n c e   may  be  made  to  t h e  

f o l l o w i n g   e x a m p l e s .   These   e x a m p l e s   a re   g i v e n   m e r e l y   t o  
i l l u s t r a t e   t he   i n v e n t i o n   and  a re   no t   to  be  c o n s t r u e d   in  a  
l i m i t i n g   s e n s e .   Al l   q u a n t i t i e s ,   p r o p o r t i o n s   a n d  

p e r c e n t a g e s   are   by  w e i g h t   and  a l l   r e f e r e n c e s   t o  

t e m p e r a t u r e   are   °C  u n l e s s   o t h e r w i s e   i n d i c a t e d .  



EXAMPLE  I  

Samples   of  c o a l   w a t e r   s l u r r i e s   were  t r e a t e d   w i t h  

the   q u a n t i t i e s   of  s o l u t i o n s   of  sodium  c o n d e n s a t e   ( s o d i u m  

s a l t   of  n a p h t h a l e n e s u l f o n i c   a c i d   f o r m a l d e h y d e   c o n d e n s a t e )  
and  ammonium  c o n d e n s a t e   (ammonium  s a l t   o f  

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

the   t a b l e   be low.   The  c o a l   w a t e r   s l u r r i e s   were  60%  b y  
w e i g h t   s l u r r i e s   of  P i t t s t o n   c o a l   d u s t   in  tap   w a t e r .   A 

sample   of  c o a l   s l u r r y   on  d r y i n g   was  found   to  c o n t a i n   5 9 . 1 %  

s o l i d s .   Q u a n t i t y   in  the   t a b l e   is   the   q u a n t i t y   of  a d d i t i v e  

s o l u t i o n   added  to  200  g  of  coa l   w a t e r   s l u r r y .   An 
u n t r e a t e d   sample   of  the   c o a l   s l u r r y   was  u s e d   as  the   b l a n k  

and  s a m p l e s   t r e a t e d   w i t h   sod ium  c o n d e n s a t e   were   used   a s  
the   c o n t r o l .   The  a d d i t i v e   s o l u t i o n   used   as  a  c o n t r o l   w a s  

a  34%  sodium  c o n d e n s a t e   s o l u t i o n .   The  o t h e r   two  a d d i t i v e  
s o l u t i o n s   were   a  40%  ammonium  c o n d e n s a t e   s o l u t i o n   h a v i n g   a  

pH  of  6.5  and  a  42.3%  ammonium  c o n d e n s a t e   s o l u t i o n   h a v i n g  

a  pH  of  4 . 0 .   Samples   of  the   b l a n k ,   c o n t r o l   and  ammonium 
c o n d e n s a t e   t r e a t e d   s l u r r i e s   were  t h e n   e v a l u t e d   by  t h e  

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





While   the   i n v e n t i o n   has  been   d e s c r i b e d   w i t h  
r e f e r e n c e   to  c e r t a i n   s p e c i f i c   e m b o d i m e n t s   t h e r e o f ,   i t   i s  
u n d e r s t o o d   t h a t   i t   is   no t   to  be  so  l i m i t e d   s i n c e  
a l t e r a t i o n s   and  c h a n g e s   may  be  made  t h e r e i n   which   a r e  
w i t h i n   the   f u l l   i n t e n d e d   scope   of  the   a p p e n d e d   c l a i m s .  



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

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

amount  of  an  ammonium  s a l t   of  a  n a p h t h a l e n e s u l f o n i c   a c i d  

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

t o  i m p r o v e   p u m p a b i l i t y .  

2.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t h e r e   i s  

p r e s e n t   up  to  abou t   10%  by  w e i g h t   of  the   c o n d e n s a t e .  

3.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t h e r e   i s  

p r e s e n t   from  abou t   0 .01   to  abou t   5%  by  w e i g h t   of  t h e  
c o n d e n s a t e .  

4.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t h e  

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

5.  In  a  p r o c e s s   of  pumping  a  w a t e r   s l u r r y   o f  

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

i m p r o v e m e n t   c o m p r i s i n g   h a v i n g   p r e s e n t   the  c o m p o s i t i o n   o f  

c l a i m   1 .  

6.  In  a  p r o c e s s   of  pumping  a  w a t e r   s l u r r y   o f  

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

i m p r o v e m e n t   c o m p r i s i n g   h a v i n g   p r e s e n t   the  c o m p o s i t i o n   o f  

c l a i m   2 .  

7.  In  a  p r o c e s s   of  pumping  a  w a t e r   s l u r r y   o f  

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

i m p r o v e m e n t   c o m p r i s i n g   h a v i n g   p r e s e n t   the  c o m p o s i t i o n   o f  

c l a i m   3 .  



8.  In  a  p r o c e s s   of  pumping  a  w a t e r   s l u r r y   o f  

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

i m p r o v e m e n t   c o m p r i s i n g   h a v i n g   p r e s e n t   the   c o m p o s i t i o n   o f  

c l a i m   4 .  


