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(54)  Method  for  the  removal  of  iron  pyrites  from  coal  and  carbon  structures  during  ash  removal  by  chemical  means. 
The  invention  relates  to  a  method  for  the  removal  of  iron 

pyrites  from  coal  and  carbon  structures  during  ash  removal 
by  chemical  means.  The  method  includes  crushing  raw  coals 
to  a  proper  particle  size,  leaching  said  crushed  coals  with 
hydrofluoric  acid,  and  separating  said  leached  solids. 



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  m e t h o d   f o r   t h e  

r e m o v a l   of  i r o n   p y r i t e s   f rom  c o a l   and  c a r b o n   s t r u c t u r e s  

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

I r o n   p y r i t e s   (FE  S2)  i s   an  u n d e s i r a b l e   i m p u r i t y   i n  

c o a l .  

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

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

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

p r o p e r t i e s ,   g r a v i t y   s e p a r a t i o n   r e l i e s  o n   d e n s i t y ,   a n d  

m a g n e t i c   s e p a r a t i o n   r e l i e s   on  m a g n e t i c   p r o p e r t i e s .  

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

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

o r g a n i c   c o a l   m a t r i x ,   t h a t   i s ,   to   s e p a r a t e   t h e   p y r i t e s  

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

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

m a t r i x   as   p y r i t e s   p a r t i c l e s   l a m i n a t e d   to   t h e   o r g a n i c   c o a l  

m a t r i x ,   o f t e n   w i t h   i n t e r m e d i a t e   b o n d i n g   by  i n o r g a n i c   m i n e r a l  

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

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

l i b e r a t i o n  b y   g r i n d i n g   t he   c o a l ,   t h e   f i n e r   t h e   g r i n d   t h e   m o r e  

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

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

u t i l i s a t i o n   d i s a d v a n t a g e s .  

Our  i n v e n t i o n   h a s   as  i t s   o b j e c t i v e   a  m e t h o d   w h i c h  

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

g r i n d i n g .  

In  i t s   b r o a d e s t   f o rm  t h e   i n v e n t i o n   p r o v i d e s   a  m e t h o d  

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

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

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



o t h e r w i s e   c o n v e n t i o n a l   pyrites removal  s .  

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

c o a l ,   h o w e v e r   i t   i s   c o a r s e r   in  s i z e   t h a n . t h a t   n e c e s s a r y   f o r  

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

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

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

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

b o n d   b e t w e e n   t h e   p y r i t e s   and   t h e   o r g a n i c   c o a l   m a t r i x ,   a n d  

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

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

s e p a r a t i o n ,   a n d   f l o t a t i o n   c a n   t h e n   be  e m p l o y e d .   G r a v i t y  

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

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

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

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

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

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

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

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

c o n c e n t r a t i o n s   o f   a b o u t   3  t o   70  w/w%,  t e m p e r a t u r e s   of   2 0  t o  

1 0 0 ° C   a n d   l e a c h i n g   t i m e s   f r o m   a b o u t   10  m i n u t e s   t o   48  h o u r s .  

The  r aw   c o a l   m u s t   be  c r u s h e d   to   a  p a r t i c l e s   s i z e  

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

r e d u c e   t h e   p a r t i c l e   s i z e   o n l y   t o   t h a t   e x t e n t   r e q u i r e d   t o  

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

m i n e r a l   m a t t e r   a s s o c i a t e d   w i t h   t h e   c o a l   m a t r i x .   I t   i s   n o t  

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

w o u l d   r e q u i r e   f i n e r   g r i n d i n g .   A c c o r d i n g l y ,   r e l a t i v e l y   c o a r s e  

c o a l   p a r t i c l e s   c a n   be  a c i d   l e a c h e d   and  t h e n   t r e a t e d   f o r  

p y r i t e s   r e m o v a l .   L i b e r a t i o n   of  p y r i t e s   by  g r i n d i n g   a l o n e  



would   o n l y   be  a c h i e v e d   a t   much  f i n e r   p a r t i c l e   s i z e s .   We 

have   a c h i e v e d   e x c e l l e n t   p y r i t e s   r e m o v a l   f rom  c o a l   by  h y d r o -  

f l u o r i c   a c i d   l e a c h i n g   raw  c o a l   a t   p a r t i c l e   s i z e s   as  c o a r s e  

as  5mm,  and  t h e n   u s i n g   c o n v e n t i o n a l   s e p a r a t i o n   m e t h o d s .  

EXAMPLE  A:  

U s i n g   a  c o a l   w i t h   .9%  s u l p h u r ,   a p p r o x i m a t e l y   .4  of  w h i c h   i s  

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

c o a l   to   2mm  m i n u s   and  d r y i n g ,   t h e   c o a l   was  t h e n   s u b j e c t e d   t o  

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

a p p r o x i m a t e l y   .02%.   A  s a m p l e   of   t h e   same  c o a l   c r u s h e d   to   2mm 

m i n u s   and  s u b j e c t e d   to  t he   h y r d o f l u o r i c   wash  d e t a i l e d   e a r l i e r  

was  t h e n   t r e a t e d   to  a  h e a v y   m e d i a   wash  in   t h e   same  c o n d i t i o n s  

as  t h e   u n t r e a t e d   s a m p l e ;   r e s i d u a l   s u l p h u r   was  t h e n   f o u n d   to  b e  

0 . 4 % .   More  t h a n   99%  of  t he   p y r i t i c   s u l p h u r   was  r e m o v e d .  



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

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

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

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

2.  The  m e t h o d   o f   c l i m   1,  s a i d   l e a c h i n g   w i t h   h y d r o f l u o r i c   a c i d  

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

a b o u t   3  t o   70  p e r c e n t   of   w e i g h t ,   t e m p e r a t u r e s   o f   20  C°  t o  

10  C° ,   a n d   t i m e s   f r o m  a b o u t   10  m i n u t e s   to   48  h o u r s .  

3.  The  m e t h o d   o f   c l a i m   1,  s a i d   c r u s h e d   c o a l s   a r e   a t   p a r t i c l e  

s i z e s   up  t o   5  m i l l i m e t e r s .  

4 .   The  m e t h o d   of   c l a i m   3,  s a i d   c r u s h e d   c o a l s   a r e   a t   p a r t i c l e  

s i z e s   up  t o   2  m i l l i m e t e r s .  
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