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(5)  Mild  oxidative  coal  desuifurization. 

A  process  for  the  removal  of  pyrite  from  coal  which  com- 
prises  preparing  an  aqueous  slurry  containing  finely-divided 
coal  particles;  adding  to  the  slurry  an  hydroxide  or  carbonate 
of  an  alkali  or  alkaline  earth  metal  selected  from  the  group 
consisting  of  sodium,  lithium,  potassium  and  magnesium,  as 
well  as  mixtures  of  these  hydroxides  and  carbonates,  in 
amounts  sufficient  to  continuously  maintain  the  pH  of  the 
slurry  between  about  8 and  12;  and  then  agitating  the  slurry 
whiletreating  the  slurry  with  oxygen  or  an  oxygen-containing 
gas. 



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   f o r  

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

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

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

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

a m o u n t s .   C o u n t e r b a l a n c i n g   t h e s e   i n c e n t i v e s   a r e   g o v e r n m e n t a l  

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

f rom  t h e   c o m b u s t i o n   of   t h e s e   f u e l s .   One  o f   t h e   m a j o r  

p o l l u t a n t s   i s   s u l f u r   d i o x i d e .   U n f o r t u n a t e l y ,   m o s t   o f  

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

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

l aw .   M a j o r   c o n s u m e r s   o f   c o a l ,   s u c h   a s  e l e c t r i c   u t i l i t i e s ,  

h a v e   two  a l t e r n a t i v e s   to   f o l l o w ,   n a m e l y   t h e y   c a n   buy   l o w  

s u l f u r  c o n t e n t   c o a l   or   u s e   f l u e  g a s   d e s u l f u r i z a t i o n   t o  

r e m o v e   s u l f u r   d i o x i d e   a f t e r   c o m b u s t i o n .   The  f i r s t  

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

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

p r a c t i c a l   a n d   e c o n o m i c a l .  

Mos t   c o a l s   w h i c h   a r e   a v a i l a i b l e  f o r  u s e   i n   t h i s  

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

s u l f a t e   s u l f u r ,   o r g a n i c   s u l f u r   and   p y r i t i c  s u l f u r .   T h e  

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

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



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

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

of   t h e   c o a l .   I n   g e n e r a l ,   s u l f a t e   s u l f u r   c o n s t i t u t e s   a  

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

t h a n   a b o u t   0 . 2   w e i g h t  %   o f   t h e   c o a l .   T h e   o r g a n i c   s u l f u r  

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

i n   t h e   c o a l   and  t o g e t h e r   t h e y   c o n s t i t u t e   up  to   a b o u t   5  -   8  

w e i g h t   %  o f   t h e   c o a l .   The  p y r i t i c   s u l f u r   c o n s t i t u t e s  

b e t w e e n   a b o u t   4 0 - 6 0 %   o f   t h e   t o t a l   s u l f u r   c o n t e n t   i n   t h e  

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

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

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

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

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

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

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

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

p r o p e r t i e s   o f   t h e   c o a l .  

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

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

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

out  by  e m p l o y i n g   a  b a s i c   s o l u t i o n   as  t h e   r e a c t i o n   m e d i u m .  

F o r   e x a m p l e ,   i n   U . S .   P a t .  N o .   3 , 9 6 0 , 5 1 3   to   J .   C.  A g a r w a l  

e t   a l ,   an  a q u e o u s   s l u r r y   c o n t a i n i n g   c r u s h e d   c o a l   i s   t r e a t e d  

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

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



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

s u l f a t e   as   a  b y - p r o d u c t .   The  s o l u b l e   s u l f a t e   may  be  r e m o v e d  

by  a  c o n v e n t i o n a l   s o l i d s - l i q u i d   s e p a r a t i o n .   Ammonium 

s u l f a t e   may  t h e n   be  r e c y c l e d   to   g e n e r a t e   a d d i t i o n a l  

ammonium  h y d r o x i d e .   D e s p i t e   t h i s   a d v a n t a g e ,   h o w e v e r ,   t h e  

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

t e m p e r a t u r e s   and  p r e s s u r e s ,   ( e . g .   a b o u t   300  p s i g ) .   T h i s  

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

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

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

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

o x i d a t i o n   u t i l i z i n g   a  b a s i c   s o l u t i o n   as  t h e   r e a c t i o n  

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

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

t h i s   p r o c e s s   c o m p r i s e s   p r e p a r i n g   an  a q u e o u s   s l u r r y  

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

s l u r r y   a n  h y d r o x i d e   or   c a r b o n a t e   o f   an  a l k a l i  o r   a l k a l i n e  

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

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

t h e s e   h y d r o x i d e s   and  c a r b o n a t e s ,   i n   an  a m o u n t   s u f f i c i e n t  

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

8  and  12  and  t h e n   a g i t a t i n g   t h e   s l u r r y  w h i l e   t r e a t i n g   t h e  

s l u r r y   w i t h   o x y g e n   or   an  o x y g e n   c o n t a i n i n g   gas  s u c h   a s  

a i r .   The  p r o c e s s   may  be  a d v a n t a g e o u s l y   c a r r i e d   o u t   a t  

t e m p e r a t u r e s   o f   b e t w e e n   a b o u t   40  a n d   70°C  and  a t   a t m o s p h e r i c  



p r e s s u r e .   The  t r e a t e d   s l u r r y   may  be  s u b j e c t e d   t o  a  

c o n v e n t i o n a l   s o l i d s - l i q u i d   s e p a r a t i o n   t o   r e c o v e r   t h e  

d e s u l f u r i z e d   s o l i d   c o a l .  

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

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

In   p a r t i c u l a r ,   t h e   p r o c e s s   i s   d i r e c t e d   to   t h e   d e s u l f u r i z a t i o n  

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

in   e l e c t r i c   u t i l i t y   p l a n t s   or   i n d u s t r i a l   b o i l e r s .   C o a l s  

t h a t   may  be  t r e a t e d   i n   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n  

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

f o r   e x a m p l e   Ohio   N o .  6   c o a l .   I t   w i l l   be  u n d e r s t o o d   o f  

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

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

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

l i g n i t e   c o a l   may  be  t r e a t e d   as  w e l l .   I n   g e n e r a l ,   t he   c o a l s  

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

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

of   f r o m   a b o u t   0 . 5   to   a b o u t   4%  by  w e i g h t   o f   t h e   c o a l .  

The  raw  c o a l   w h i c h   i s   o b t a i n e d   f rom  m i n e s   i n  

c h u n k   s i z e ,   f o r   e x a m p l e ,   i s   f i r s t   r e d u c e d   to   a  f i n e l y -  

d i v i d e d   p a r t i c l e   s i z e .   The  p a r t i c l e   s i z e   o f   t h e   c o a l  

s h o u l d   be  s u f f i c i e n t   to   e x p o s e   a  s u b s t a n t i a l   f r a c t i o n   o f  

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

c o a l .   G e n e r a l l y   s p e a k i n g ,   t h e   c o a l   i s   r e d u c e d   to   a  

p a r t i c l e   s i z e   s m a l l e r   t h a n   a b o u t   200  m e s h .  



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

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

v e s s e l .   The  c o a l   s l u r r y   s h o u l d   p r e f e r a b l y   p o s s e s s   a  

s o l i d s   c o n c e n t r a t i o n   i n   t h e   r a n g e   o f   b e t w e e n   a b o u t  4  a n d  

40%  by  w e i g h t   c o a l .  

To  b e g i n   t h e   d e s u l f u r i z a t i o n   p r o c e s s ,   t h e   pH 

of   t h e   s l u r r y   i s   a d j u s t e d   to   a  v a l u e   o f   b e t w e e n   a b o u t   8  

and  12  and  p r e f e r a b l y   a b o u t   10  or   11 ,   by  t h e   a d d i t i o n   o f  

a  c a u s t i c ,   s u c h   as  s o d i u m   h y d r o x i d e   or   a  m i x t u r e   o f   s o d i u m  

h y d r o x i d e   and  s o d i u m   c a r b o n a t e .   O t h e r   a l k a l i   and  a l k a l i n e  

e a r t h   m e t a l   h y d r o x i d e s   and  c a r b o n a t e s   can   a l s o  b e   u s e d  

as  s h a l l   be  d e s c r i b e d   f u r t h e r   h e r e i n a f t e r .   The  c o a l  

s l u r r y   i s   t h e n   a g i t a t e d   and  s u b j e c t e d   to   an  o x i d i z i n g  

med ium  s u c h   as  o x y g e n   or   an  o x y g e n - c o n t a i n i n g   gas   e . g .  

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

in   i n t i m a t e   c o n t a c t   w i t h   t h e   c o a l   s l u r r y .   T h i s   may  b e  

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

a e r a t i n g   t h e   s l u r r y   i n   t h e   r e a c t i o n   v e s s e l .   I t   may  a l s o  

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

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

w i t h i n   t h e   d e s i r e d   r a n g e   a s   i n d i c a t e d   a b o v e .   T h e  

d e s u l f u r i z a t i o n   p r o c e s s   may  be  c a r r i e d   o u t   a t   t e m p e r a t u r e s  

o f   b e t w e e n   a b o u t   40  and  70°  and   a t   a t m o s p h e r i c   p r e s s u r e .  

A l t h o u g h   i t   i s   p r e f e r r e d   to   e m p l o y   s o d i u m   h y d r o x i d e  

or   a  m i x t u r e   o f   s o d i u m   h y d r o x i d e   and  s o d i u m   c a r b o n a t e   a s  



t h e   c a u s t i c   r e a g e n t   i n  t h e   p r a c t i c e  o f   t h e  p r e s e n t  

i n v e n t i o n ,   i t   i s   b e l i e v e d   t h a t   e t h e r   a l k a l i  a n d   a l c a l i n e  

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

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

T h u s ,   i t   may  be  p o s s i b l e   to   u s e   i n   a d d i t i o n   to   s o d i u m  

h y d r o x i d e   b o t h   l i t h i u m   and  p o t a s s i u m   h y d r o x i d e   as  w e l l   a s  

l i t h i u m   and   p o t a s s i u m   c a r b o n a t e   or   m i x t u r e s   t h e r e o f .  

Among  t h e   a l k a l i n e   e a r t h   m e t a l   h y d r o x i d e s   and   c a r b o n a t e s ,  

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

c a r b o n a t e   w o u l d   be  u s e f u l .   C a l c i u m   h y d r o x i d e ,   f o r   e x a m p l e ,  

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

s h o u l d   n o t   t h e r e f o r e   be  e m p l o y e d .  

The  p r o c e s s   o f   p y r i t e   r e m o v a l   f r o m   t h e   c o a l  

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

FeS2   +  4  OH  +  3 . 7 5   02  @   ½ F e 2 O 3  +  2   SO-4  +  2 H 2 0  

I t   w i l l   be  s e e n   f rom  t h e   a b o v e   e q u a t i o n   t h a t   t h e   p y r i t i c  

s u l f u r   i s   o x i d i z e d   to  s u l f a t e   w h i c h   i s   s o l u b l e   in   t h e  

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

an   i n s o l u b l e   o x i d e / h y d r o x i d e .   C o n v e n t i o n a l   s o l i d s - l i q u i d  

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

o r   d e s u l f u r i z e d   s o l i d   c o a l .   I f   d e s i r e d ,   t h e   t r e a t e d   c o a l  

. c a n   be   w a s h e d   and  d r i e d   by  any   c o n v e n t i o n a l   m e t h o d s .  

I t   i s   g e n e r a l l y   k n o w n   i n   t h e   m i n e r a l   l e a c h i n g   a r t  

t h a t   t h e   r e a c t i v i t y   of   p y r i t e   ( F e S 2 ) .  w i t h   o x y g e n   i n c r e a s e s  

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

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

t h e   r e a c t i v i t y   o f   t h e   o r g a n i c   m a t t e r   and   n o n - p y r i t i c  



when  c a u s t i c   and  o x i d a t i v e  
0 0 1 0 2 8 9  

c o n d i t i o n s   a r e   c o n t e m p l a t e d .   I t   i s   k n o w n ,   f o r   e x a m p l e ,  

t h a t   t h e   r e a c t i v i t y   of   o r g a n i c   m a t t e r   i n   c o a l   w i t h   o x y g e n  

a l s o   i n c r e a s e s   w i t h   i n c r e a s i n g   pH,  t e m p e r a t u r e   and   p r e s s u r e  

and   t h a t   u n d e r   t h e s e   same  c o n d i t i o n s ,   t h e   v a l u a b l e  

c o n s t i t u e n t s   in   t h e   c o a l   c a n   be  e a s i l y   d e s t r o y e d   b y  

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

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

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

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

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

w h i l e   a t   t h e   same  t i m e   m i n i m i z i n g   u n w a n t e d   s i d e   r e a c t i o n s  

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

w i t h i n   c e r t a i n   l i m i t s ,   i . e .   pH  v a l u e s   o f   b e t w e e n   8  and  1 2 ,  

by  t h e   a d d i t i o n   o f   c a u s t i c   s u c h   as  s o d i u m   h y d r o x i d e .   I n  

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

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

s l u r r y .   I t   may  be  n o t e d   f o r   e x a m p l e   t h a t   t h e   p r o c e s s   o f  

d e s u l f u r i z a t i o n   can   be  c a r r i e d   o u t   to   v i r t u a l   c o m p l e t i o n  

w i t h   90%  or   more   of   t h e   p y r i t e   r e m o v e d   i n   o n e  o r   two  d a y s  

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

m a i n t a i n e d   a t   a b o u t   10  or   11 .   The  d u r a t i o n   o f   t h e  

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

v a l u e s   g r e a t e r   t h a n   12  b u t   u n w a n t e d   s i d e   r e a c t i o n s   w i l l  

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

I n   c o n t r a s t ,   a t   low  pH  v a l u e s   o f   a b o u t   8,  t h e   r e a c t i o n  

- p r o c e e d s   a t   a  m u c h   s l o w e r   r a t e   and   may  t a k e   as   l o n g   a s  



a b o u t   one  week  to  c o m p l e t i t i o n .  

The   p r e s e n t   i n v e n t i o n   w i l l   be  f u r t h e r   i l l u s t r a t e s  

by  t h e   f o l l o w i n g   e x a m p l e s :  

EXAMPLE  I  

500   cc  d i s t i l l e d   w a t e r   w a s  p l a c e d   i n   a  p e r c o l a t o r  

e q u i p p e d   w i t h   pH  e l e c t r o d e   and   a  pH  c o n t r o l l e r s ,  w a t e r  

c o o l e d   c o n d e n s e r ,   and  a  NaOH  r e s e r v o i r .   The  p e r c o l a t o r   w a s  

a t t a c h e d   to   a  gas   s u p p l y   e q u i p p e d   w i t h   a  f l o w m e t e r .   A  

t h e r m o s t a t t e d   w a t e r   b a t h   was   u s e d   to  p r o v i d e   a  s t a b l e  

t e m p e r a t u r e .   The  gas   f l o w   was  b e g u n   as  t h e   w a t e r   was  h e a t e d  

to  t h e   r e a c t i o n   t e m p e r a t u r e ,   e . g .   5 0 ° C .   In   t h i s   e x p e r i m e n t ,  

o x y g e n   was  u s e d   as   t h e   o x i d a n t .   The  gas   f l o w   r a t e   was  1 . 0  

SCFH.  20  g  o f   c o a l   (Ohio   N o .  6  -   200  m e s h )   was  a d d e d   t o  

t h e   p e r c o l a t o r .   The  s l u r r y   c o n c e n t r a t i o n   was  4%  by  w e i g h t  

c o a l .   The  a d d i t i o n   o f   1 . 0   N  NaOH  was  b e g u n   as  s o o n   as  t h e  

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

r e a c t i o n   r a t e s   and   NaOH  c o n s u m p t i o n ,   FeS2  l e a c h i n g   w a s  

c o n s i d e r e d   to   b e g i n   w h e n   t h e   d e s i r e d   r e a c t i o n   pH,  e . g .  

p H  1 1 ,   was   a c h i e v e d .   The  i n i t i a l   NaOH  r e q u i r e d   to   a c h i e v e  

t h e   d e s i r e d   pH  was   c o n s u m e d   i n   t h e   h y d r o l y s i s   o f   any   i r o n  

s u l f a t e s   in   t h e   c o a l .   D u r i n g   t h e   c o u r s e   o f   t h e   r e a c t i o n ,  

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

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

and   w a s h e d   w i t h   w a t e r   and   t h e n   a i r   d r i e d .  

T o t a l   s u l f u r   was  d e t e r m i n e d   on  a l l   c o a l   s a m p l e s .  

P r o x i m a t e   a n a l y s e s   on  s t a r t i n g   and  f i n i s h i n g   c o a l s   w e r e  



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

t e s t e d   f o r   s o l u b l e   Na  and   Fe  by  a t o m i c   a b s o r p t i o n   a n d  

s o l u b l e   SO- 4 by  g r a v i m e t r i c   a n a l y s i s .   T h e   Na  c o n t e n t   i n  

t h e   p r o d u c t   c o a l   was  d e t e r m i n e d   as  HCl  s o l u b l e   Na.   W h e r e  

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

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

f i n a l   v a l u e s   f o r   t o t a l   s u l f u r ,   a s s u m i n g   a l l   n o n - s u l f a t e  

s u l f u r   l e a c h e d   to   be  p y r i t i c .  

EXAMPLE  I I  

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

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

a i r   was  u s e d   i n s t e a d   o f   o x y g e n   as  t h e   o x i d a n t .  

EXAMPLE  I I I  

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

E x a m p l e   I  a b o v e   was  f o l l o w e d   e x c e p t   t h a t   in   t h i s   e x p e r i m e n t  

Na2C03  i n   an  a m o u n t   s u f f i c i e n t   to  p r o d u c e   a  c o n c e n t r a t i o n  

o f   0 . 2   m o l a r   was  a d d e d   to   t h e   p e r c o l a t o r   i m m e d i a t e l y  

f o l l o w i n g   a d d i t i o n   o f   t h e   c o a l - a n d   p r i o r   to  a d d i t i o n   of   a n y  
NaOH . 

EXAMPLE  I V  

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

E x a m p l e   I I I   a b o v e   was  f o l l o w e d   e x c e p t   t h a t   i n   t h i s  

e x p e r i m e n t   a i r   was  u s e d   i n s t e a d   o f   o x y g e n   as  t h e   o x i d a n t .  

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

a b o u t   90%,  r e m o v a l   o f   p y r i t i c   s u l f u r .   T h e s e   r e s u l t s   a r e  

shown  i n   T a b l e s   I  a n d   I I   b e l o w :  







As  i n d i c a t e d   i n   T a b l e   I  a b o v e ,  t h e  r a t e   o f  

p y r i t i c   s u l f u r   r e m o v a l   a t   pH  11  and  50°C   d e p e n d s   on 

c o n c e n t r a t i o n   and  t h e   p r e s e n c e   o f   Na2CO3.   The   i n i t i a l  

r a t e   i s   f a s t e r   w i t h   p u r e   02  t h a n   w i t h   a i r   w h e n   N a 2 C O 3  i s  

p r e s e n t .   T h e r e   i s   no  b e n e f i t   to   u s i n g   Na2CO3  when   a i r  

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

t h e   same   w i t h i n   e x p e r i m e n t a l   e r r o r   a f t e r   48  h o u r s   f o r - a l l  

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

24  h o u r s   when   02  and  Na2C03  a r e   u s e d .  

I t   may  be  n o t e d   f r o m   T a b l e   I I   t h a t   f o r   a  f i x e d  

r e a c t i o n   t i m e   o f   24  h o u r s ,   t h e   a m o u n t   o f   FeS2  l e a c h e d  

i n c r e a s e s   w i t h   i n c r e a s i n g   pH.  Na2CO3  e n h a n c e s   t h e   r a t e ,  

e . g . ,   more   FeS2  is   l e a c h e d   a t   pH  11  w i t h   Na2CO3  t h a n   a t  

pH  12  w i t h o u t   Na2CO3.  I t   may  a l s o   be  n o t e d   t h a t   t h e   a m o u n t  

o f   Na  i n   t h e   c o a l   a l s o   i n c r e a s e s   a t   h i g h e r   pH  e v e n   w h e n  

t h e   same  a m o u n t   of   FeS2  i s   r e m o v e d .  

E x p e r i m e n t a t i o n   has   f u r t h e r   shown  t h a t   t h e   r a t e  

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

pH  1 0 ,   11  and  12,   b o t h   w i t h   and   w i t h o u t   N a 2 C 0 3 ,   w h e n  

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

a t   pH  10  ( i n   t h e   a b s e n c e   o f   Na2CO3)  a l s o   i n c r e a s e s   in   a  

s i m i l a r   m a n n e r .   NaOH  c o n s u m p t i o n   a t   pH  11  is   a p p r o x i m a t e l y  

e q u a l   a t   50°  and  6 0 ° .   The  p o i n t   o f   d i m i n i s h i n g   r e t u r n s  

a p p e a r s   to  be  r e a c h e d   a t   a b o u t   60°C .   F u r t h e r   t e m p e r a t u r e  

i n c r e a s e s   w i l l   be  c o u n t e r b a l a n c e d   by  d e c r e a s e d   0 2  

s o l u b i l i t y   in   t h e   m e d i a .  



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

s a m p l e   Nos .   1 - 4   and   2 -4   i n   T a b l e  I  u s i n g   02  and   a i r ,  

r e s p e c t i v e l y ,   as  o x i d a n t s ,   show  v e r y   l i t t l e   o r g a n i c  

c a r b o n   in   e i t h e r   t h e   f i l t r a t e   or  t h e   w a s h  w a t e r .   T o t a l  

c a r b o n   l o s t   i s   a p p r o x i m a t e l y   1%  in   e a c h   r e a c t i o n .  

A  n u m b e r   o f   p r o d u c t   c o a l s   w e r e   a n a l y z e d   f o r   N a  

c o n t e n t .   The  Na  c o n t e n t   was  f o u n d   to   i n c r e a s e   w i t h  

i n c r e a s e d   pH  and   t h e   e x t e n t   o f   l e a c h i n g .   W h e r e   n e c e s s a r y ,  

t h e   Na  c o n t e n t   i n   t h e   c o a l   can   be  r e d u c e d   to   a c c e p t a b l e  

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



1.  A  p r o c e s s   f o r   t h e   r e m o v a l   o f   p y r i d e   f rom  c o a l  

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

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

h y d r o x i d e   or   c a r b o n a t e   o f   an  a l k a l i   o r   a l k a l i n e   e a r t h  

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

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

h y d r o x i d e s   and   c a r b o n a t e s ,   in   a m o u n t s   s u f f i c i e n t   t o  

c o n t i n u o u s l y   m a i n t a i n   t h e   pH  o f   t h e   s l u r r y   b e t w e e n   a b o u t   8  

and  12;   and  t h e n   a g i t a t i n g   t h e   s l u r r y   w h i l e   t r e a t i n g   t h e  

s l u r r y   w i t h   o x y g e n   o r   an  o x y g e n - c o n t a i n i n g   g a s .  

2.  The  p r o c e s s   as  d e f i n e d   by  c l a i m   1  w h e r e i n  

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

v a l u e   o f   a b o u t   10  or   1 1 .  

3.  The  p r o c e s s   as  d e f i n e d   by  c l a i m   2  w h e r e i n  

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

o f   s o d i u m   h y d r o x i d e .  

4.  The  p r o c e s s   as  d e f i n e d   by  c l a i m   2  w h e r e i n  

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

o f   a  m i x t u r e   o f   s o d i u m   h y d r o x i d e   and  s o d i u m   c a r b o n a t e .  

5.  The  p r o c e s s   as  d e f i n e d   by  c l a i m   1  w h e r e i n   t h e  

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

b e t w e e n   a b o u t   40  and  7 0 ° C .  

6.  The  p r o c e s s   as  d e f i n e d   by  c l a i m   5  w h e r e i n  



t h e   t r e a t m e n t   o f   t h e   s l u r r y   w i t h   o x y g e n   or   o x y g e n -  

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

p r e s s u r e .  
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