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ABSTRACT 

A dry s e p a r a t i o n  process  f o r  removing p y r i t e  from f i n e  c o a l  
u t i l i z i n g  c e n t r i f u g a l  and e l e c t r o s t a t i c  methods removed 35 t o  55 
percent  of t h e  t o t a l  p y r i t i c  s u l f u r  (amounting t o  70 t o  100 p e r c e n t  
of a v a i l a b l e  p y r i t i c  s u l f u r )  i n  r e j e c t s  of 10 t o  15 p e r c e n t .  Both 
s e p a r a t i o n  methods a r e  b e n e f i t e d  by r e s t r i c t i n g  t h e  p a r t i c l e - s i z e  
range and keeping t h e  p y r i t e  p a r t i c l e s  a s  l a r g e  a s  p o s s i b l e .  Removal 
e f f i c i e n c y  i s  increased ,  t h e r e f o r e ,  by i n t e g r a t i n g  t h e  s e p a r a t i o n  and 
g r i n d i n g  o p e r a t i o n s ,  a s  i n  s t a g e  gr inding .  

INTRODUCTION 

R e l a t i v e l y  coarse  c o a l  can be cleaned q u i t e  e f f e c t i v e l y  a t  t h e  
However, t h e  removal of f i n e  p y r i t e  cannot  be mine by wet processes .  

completed u n t i l  t h e  c o a l  i s  f i n e l y  pulver ized .  Because of  t r a n s p o r t a -  
t i o n  l o s s e s ,  t h i s  f i n a l  p u l v e r i z a t i o n  i s  u s u a l l y  c a r r i e d  o u t  a t  t h e  
p o i n t  of use r a t h e r  than  t h e  mine. Furthermore,  i f  t h e s e  f i n e s  were 
t o  be cleaned by wet methods, problems of c o a l  d r y i n g  and wet waste  
d i s p o s a l  would be in t roduced .  \ 

I n  the  d r y  process  repor ted  h e r e  and shown i n  f i g u r e  1, t h e  c o a l  
is ground then subjec ted  t o  c e n t r i f u g a l  s e p a r a t i o n  f o r  removal of t h e  
f i n e s  a s  l i g h t ,  p y r i t e - d e p l e t e d  f r a c t i o n s  l e a v i n g  a heavy, p y r i t e -  
enr iched  f r a c t i o n .  The l i g h t  f r a c t i o n s  amounting t o  10 t o  50 percent  
of the  feed a r e  taken  a s  a c l e a n  product .  The heavy f r a c t i o n  is  passed 
t o  an e l e c t r o s t a t i c  s e p a r a t o r  t h a t  c o n c e n t r a t e s  t h e  p y r i t e  i n  a r e j e c t  
f r a c t i o n  of about 10-15 p e r c e n t . L  

L b l i n u t e s  of t h e  "Removal of P y r i t e  from Coal" Conference,  U.  S. Bureau 
of Mines, P i t t s b u r g h  Coal Research Center ,  Bruceton, Pa . ,  A p r i l  2 2 ,  23, 
24, 1968, pages 69-91. 
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C e n t r i f u g a l  S e p a r a t i o n  

A CKOSS s e c t i o n  of t h e  c e n t r i f u g a l  s e p a r a t o r  is  shown i n  f i g u r e  2. 
P a r t i c l e s  of  c o a l  d r o p  down t h e  hollow d r i v e  s h a f t  o n t o  t h e  s p i n n i n g  
s p r e a d e r  d i s k  and a r e  thrown o f f  i n t o  t h e  r i s i n g  s t ream of r e c i r c u l a t e d  
a i r .  
cone and o u t  t h e  heavy p r o d u c t  e x i t .  
e n t r a i n m e n t  a r e  c a r r i e d  i n t o  t h e  s w i r l  of a i r  c r e a t e d  by t h e  c e n t r i f u g a l  f a n  
and a r e  c l a s s i f i e d  a c c o r d i n g  t o  p a r t i c l e  mass. 
c a r r i e d  i n t o  t h e  a n n u l a r  space  between t h e  i n n e r  and o u t e r  cones from where 
t h e y  drop  out  t h e  l i g h t  p r o d u c t  e x i t .  
t h e  w a l l s  of  the chamber where they  f a l l  i n  t h e  s t a g n a n t  a i r  l a y e r  near  t h e  
w a l l  and leave  t h e  s e p a r a t o r  v i a  t h e  heavy p r o d u c t  e x i t .  The s i z e  of f i n e s  
c a r r i e d  i n t o  t h e  a i r  swirl of  t h e  c l a s s i f y i n g  f a n  can  be  l i m i t e d  by a d j u s t i n g  
t h e  v e l o c i t y  of  t h e  r e c i r c u l a t e d  a i r .  
r e c i r c u l a t e d  a i r  v e l o c i t y  and r e f e e d i n g  t h e  heavy f r a c t i o n  w i t h  each  i n c r e a s e  
i n  a i r  ve loc i ty ,  a series of  f i n e  c u t s  may be  o b t a i n e d .  

P a r t i c l e s  t h a t  a r e  t o o  heavy t o  become e n t r a i n e d  drop  i n t o  the t a i l i n g s  
P a r t i c l e s  whose d e n s i t y  and shape a l low 

The l i g h t e r  p a r t i c l e s  a r e  

The h e a v i e r  p a r t i c l e s  a r e  thrown t o  

S t a r t i n g  a t  t h e  lowes t  s e t t i n g  of  

E l e c t r o s t a t i c  S e p a r a t i o n  

E l e c t r o s t a t i c  s e p a r a t i o n s  u t i l i z e  t h e  d i f f e r e n c e  i n  c o n d u c t i v i t y  . o r  
d i e l e c t r i c  p r o p e r t i e s  of coal and a s s o c i a t e d  m a t e r i a l ,  such  a s  p y r i t e ,  to 
m a i n t a i n  o r  adequa te ly  lose an induced charge  under  dynamic c o n d i t i o n s .  
F i g u r e  3 shows t h e  s e p a r a t i o n  s e c t i o n  of  a "high i n t e n s i t y ' '  e l e c t r o s t a t i c  
s e p a r a t o r .  A s u f f i c i e n t l y  d i s p e r s e d  l a y e r  o f  f e e d  i s  ma in ta ined  on t h e  
e l e c t r i c a l l y  grounded r o t o r  f o r  i n d i v i d u a l  p a r t i c l e  c o n t a c t .  The f e e d  
p a s s e s  unde r  an a c t i v e  e l e c t r o d e  f o r  exposure  t o  i o n i c  bombardment. 
Subsequen t ly  t h e  p a r t i c l e s  e i t h e r  become of e q u i p o t e n t i a l . w i t h  t h e  r o t o r ,  
a s  would a conductor ,  and a r e  r e l e a s e d ,  o r  i f  a d i e l e c t r i c  m a t e r i e l  such 
a s  c o a l ,  remain a t t a c h e d  t o  t h e  r o t o r .  All p a r t i c l e s  a r e  a l s o . s u b j e c t e d  
t o  c e n t r i f u g a l  and g r a v i t a t i o n a l  f o r c e s .  The s p l i t t e r s  a r e  imed t o  d i v i d e  
t h e  stream of r e l e a s e d  m a t e r i a l  f o r  t h e  most e f f e c t i v e  c o n c e n t r a t i o n s  of 
reject ,  middlings,  and product .  1 ,  

D r y  feed m a t e r i a l s  s u b j e c t e d  t o  "high i n t e n s i t y "  o r  a corona f i e l d  
of d i s s o c i a t e d  g a s  m o l e c u l e s  a r e  momentar i ly  a t t r a c t e d  t o  the r o t o r .  
h i g h  i n t e n s i t y  band is r e l a t i v e l y  narrow and depends on t h e  p rox imi ty  of  
t h e  a c t i v e  e l e c t r o d e  and the i n t e n s i t y  o f  the r e c t i f i e d  t r a n s f o r m e r  c u r r e n t .  
A range  of  18 k i l o v o l t s  t o  30 k i l o v o l t s  was found adequate  f o r  p a r t i c l e  
a t t r a c t i o n ,  a l though t h e  u n i t  had a range up t o  40 k i l o v o l t s .  
f i n e  p a r t i c l e s  s e p a r a t e  more e f f i c i e n t l y  w i t h  h i g h e r  r o t o r  speeds  and lower 
v o l t a g e s ,  while l a r g e r  p a r t i c l e s  g i v e  better s e p a r a t i o n  a t  lower r o t o r  
speeds  and h igh  v o l t a g e s .  F o r  these r e a s o n s  t h e  s i z e  of  p a r t i c u l a t e  i s  
b e s t  k e p t  w i t h i n  narrow r a n g e s  f o r  a s i n g l e  p a s s  u n i t .  
u n i t s  w i t h  p r o v i s i o n s  f o r  s i z i n g  of r e j e c t  and /o r  midd l ings  a t  50 mesh 
would g i v e  h i g h e r  c o n c e n t r a t i o n  o f  p roduc t  t h a n  m u l t i p a s s  units alone.  

This 

Genera l ly ,  

However, m u l t i p a s s  
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Other f a c t o r s  a r e  a l s o  involved i n  making e f f i c i e n t  s e p a r a t i o n s ,  
such a s  a tmospheric  humidi ty ,  mois ture  and f i n e s  conten t  of t h e  c o a l .  
Humidity a f f e c t s  i o n i z a t i o n  and s e p a r a t i o n s  a r e  improved a t  a mid-range. 
Moisture and f i n e s  conten t  a f f e c t  t h e  e x t e n t  of b a l l i n g  of f i n e s  and 
c o a t i n g  of t h e  l a r g e r  p a r t i c l e s ,  
s e p a r a t i o n  e f f i c i e n c y ,  and both  must be c o n t r o l l e d  f o r  e f f i c i e n t  
s e p a r a t i o n .  

N e i t h e r , o f  t h e s e  f a c t o r s  enhances 

G r i n d a b i l i t y  Aids Separa t ion  

Figure 4 demonstrates  t h a t  c o a l  is  ground t o  70 p e r c e n t  below 
200 mesh i n  one-seventh of t h e  t i m e  requi red  f o r  p y r i t e .  While t h e  
spread is  less i n  t h e  e a r l y  s t a g e s  of Hardgrove m i l l i n g  (a b a l l  and 
race m i l l ) ,  i t  i n c r e a s e s  r a p i d l y  a s  m i l l i n g  proceeds.  S ince  b o t h  
c e n t r i f u g a l  and e l e c t r o s t a t i c  s e p a r a t i o n  remove l a r g e r  p a r t i c l e s  of 
p y r i t e  more e f f i c i e n t l y  than  f i n e  p a r t i c l e s ,  the  advantage o f  p u l v e r i z i n g  
i n  a manner t h a t  minimizes p y r i t e  g r i n d i n g  i s  apparent .  
proper  gr inding  process  i s  incorpora ted  a s  s taged  s t e p s  of  t h e  removal 
system, p y r i t e  could be removed a s  it is  re leased  from t h e  c o a l  m a t r i x .  

Thus, if t h e  

C e n t r i f u g a l  S e p a r a t o r  Performance 

The c a p a b i l i t y  of  c e n t r i f u g a l  s e p a r a t i o n  f o r  removing p y r i t e  
from c l o s e l y  s i z e d  feed  m a t e r i a l  is  shown i n  t a b l e  1 and f i g u r e  5. The 
p o r t i o n  of t o t a l  p y r i t i c  s u l f u r  concent ra ted  i n  a 10-percent  r e j e c t  
increased  a s  t h e  p a r t i c l e  s i z e  decreased u n t i l  n e a r l y  60 p e r c e n t  was 
concent ra ted  from t h e  270 x 400 mesh c u t .  The accompanying b a r  a t  each 
s i z e  f r a c t i o n  i n  f i g u r e  5 shows t h e  p y r i t i c  s u l f u r  which is a v a i l a b l e .  
Avai lable  p y r i t i c  s u l f u r  i s  def ined  as p y r i t i c  s u l f u r  i n  the s i n k  p o r t i o n  
from f l o a t - s i n k  s e p a r a t i o n  a t  a s p e c i f i c  g r a v i t y  of  1.6. The s i z e  and 
chemical a n a l y s i s  of t h e  c o a l  from which these  c l o s e l y  s i z e d  f r a c t i o n s  
were taken i s  shown i n  t a b l e  2 .  It i s  s i g n i f i c a n t  t h a t  t h e  400 x 0 mesh 
f r a c t i o n  underwent r e v e r s e  enrichment  when s u b j e c t e d  t o  c e n t r i f u g a l  
s e p a r a t i o n .  This  demonstrated t h e  b r e a d t h  of  p a r t i c l e - s i z e  range of t h i s  
f r a c t i o n  c o n t a i n i n g  extremely f i n e  p y r i t e .  The amount of the f i n e  p y r i t e  
probably r e s u l t e d  from g r i n d i n g  i n  an a i r - swept  m i l l  i n  which t h e  p a r t i c l e s  
a r e  re turned  t o  t h e  m i l l  u n t i l  f i n e  enough t o  be c a r r i e d  o u t  by t h e  a i r  
sweep. 

E l e c t r o s t a t i c  Separa t ion  Performance 

The e f f e c t i v e n e s s  of e l e c t r o s t a t i c  s e p a r a t i o n  f o r  c o n c e n t r a t i n g  
p y r i t e  i s  shown by t a b l e  3 .  Blends c o n s i s t i n g  of 90 p e r c e n t  c o a l  and 10 
percent  p y r i t i c  m a t e r i a l  were submit ted t o  t h e  e l e c t r o s t a t i c  s e p a r a t o r .  
Each component of t h e  blend had been previous ly  c leaned  by f l o a t - s i n k  
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s e p a r a t i o n ,  i . e . ,  the .  c o a l  f l o a t e d  a t  1.6 s p e c i f i c  g r a v i t y  while  t h e  
p y r i t i c  m a t e r i a l  repor ted  t o  s i n k  a t  2.89 s p e c i f i c  g r a v i t y .  With c l o s e l y  
s i z e d  f r a c t i o n s  of t h e s e  b l e n d s ,  t h e  s e p a r a t i o n  was very sharp.  As shown 
i n  t a b l e  3 with t h e  80 x 100 mesh f r a c t i o n ,  n e a r l y  98 percent  o f  t h e  
p y r i t e  was r e j e c t e d  whi le  97 p e r c e n t  of t h e  c o a l  went t o  t h e  product  b in .  
Treatment of t h e  270 x 400 mesh f r a c t i o n  placed 98 percent  of t h e  p y r i t e  
i n  t h e  reject  b i n ,  92 p e r c e n t  of t h e  c o a l  i n  product  bin, and about 6 per- 
c e n t  of t h e  c o a l  i n  t h e  middl ing  b i n .  

Combined C e n t r i f u g a l - E l e c t r o s t a t i c  Separa t ion  Performance 

The f l o a t - s i n k  behavior  of ground Pi t tsburgh-seam roof c o a l  a t  
1.6 s p e c i f i c  g r a v i t y  i s  shown i n  f i g u r e  6 .  The upper curve shows t h e  
p o r t i o n  of  these c o n s i s t s  below 200 mesh. The r e s u l t s  of combined 

, c e n t r i f u g a l - e l e c t r o s t a t i c  s e p a r a t i o n  t rea tment  of t h i s  same c o a l  a r e  
g iven  i n  t a b l e  4 and shown i n  f i g u r e  7 .  While only about 35 percent  
of t h e  t o t a l  p y r i t i c  s u l f u r  was removed, t h i s  amounted t o  n e a r l y  70 
percent  of  the a v a i l a b l e  p y r i t i c  s u l f u r .  
a s  a v a r i a b l e  i n  t h e  p r o c e s s  t h e  i n i t i a l  s i z e  of t h e  c o a l  feed i s  16 x 30 
mesh. 

Where gr inding  time is  shown' 

Figure 8 ,  which shows t h e  d a t a  of t a b l e  5 ,  demonstrates  t h e  
improvement i n  s e p a r a t i o n  e f f i c i e n c y  when c l e a n i n g  i s  c a r r i e d  o u t  between 
s t a g e s  of gr inding.  Gr inding  of t h i s  same Pi t tsburgh-seam roof c o a l  was 
accomplished i n  t h r e e  15-minute s t a g e s  followed by one 30-minute s t a g e .  
A s  shown i n  f i g u r e  8,  over  40 percent  of t h e  t o t a l  p y r i t i c  s u l f u r  was 
removed a f t e r  t h e  f i r s t  s tage ,  wi th  an a d d i t i o n a l  1 2  percent  removed 
a f t e r  t h e  remaining g r i n d i n g  s t a g e s .  While only  about 53 percent  of 
t h e  t o t a l  p y r i t i c  s u l f u r  was removed, t h i s  amounted t o  v i r t u a l l y  a l l  
t h e  a v a i l a b l e  p y r i t i c  s u l f u r  a s  shown by t h e  upper curve of f i g u r e  8. 
The f a c t  that  more than  100 percent  of t h e  a v a i l a b l e  p y r i t i c  s u l f u r  
was removed from t h e  15- and 30-minute gr inds  was due t o  cons iderable  
s i z e  reduct ion  o c c u r r i n g  i n  c e n t r i f u g a l  s e p a r a t i o n  of  t h e s e  r e l a t i v e l y  
c o a r s e  c o n s i s t s .  

A t h i r d  c o a l  was chosen f o r  t e s t i n g  because i t s  s u l f u r  conten t  
was h ighly  p y r i t i c ,  much of which occurred a s  a l a r g e r ,  more a v a i l a b l e  
p a r t i c u l a t e .  The r e s u l t s  o f  combined s e p a r a t i o n  tests on t h i s  c o a l  a r e  
shown i n  t a b l e  6 and i n  f i g u r e  9. Over 50 percent  of t h e  t o t a l  p y r i t i c  
s u l f u r  was removed from t h e  90-minute b a l l - m i l l  product  i n  a r e j e c t  o f  
about  13 percent .  With s t a g e d  g r i n d i n g ,  i . e . ,  p y r i t e  removal s t e p s  
between gr inding  s t a g e s ,  th i s  removal could probably be increased  t o  
more than  70 p e r c e n t  o f  t o t a l  p y r i t e .  
a r e  not  y e t  completed. 

F loa t -s ink  r e s u l t s  on t h i s  c o a l  

i 
1 

4 
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CONCLUSIONS 

Wet cleaning methods c u r r e n t l y  i n  p r a c t i c e  e f f e c t i v e l y  remove 
a v a i l a b l e  p y r i t e  from r e l a t i v e l y  coa r se  c o a l .  Removal of f i n e  p y r i t e ,  
however, r equ i r e s  crushing the  c o a l  t o  very f i n e  s i z e .  If these  f i n e  
c o a l s  a r e  cleaned by wet methods, problems of d r y i n g  and wet was te  
d i s p o s a l  a r e  introduced.  

An i n t eg ra t ed  d ry  process  was i n v e s t i g a t e d  t h a t  involved g r ind ing  

C e n t r i f -  
followed by c e n t r i f u g a l  and e l e c t r o s t a t i c  s e p a r a t i o n ,  u s i n g  t h r e e  c o a l s  
t h a t  a r e  burned f o r  power gene ra t ion  i n  the  Appalachian region.  
ugal  s epa ra t ion  removed t h e  l i g h t ,  py r i t e -poor  po r t ion  of t he  crushed 
c o a l ,  a f t e r  which the  heavy f r a c t i o n  was submit ted t o  e l e c t r o s t a t i c  
s e p a r a t i o n  t h a t  concentrated t h e  p y r i t e  i n  a r e l a t i v e l y  small  r e j e c t  
po r t ion .  

From 35 t o  55 pe rcen t  of t h e  t o t a l  p y r i t i c  s u l f u r  (amounting t o  

Since both c e n t r i f u g a l  and e l e c t r o s t a t i c  s e p a r a t i o n  
70 t o  100 percent  of a v a i l a b l e  p y r i t i c  s u l f u r )  was removed i n  r e j e c t s  of 
10 t o  15 percent .  
a r e  bene f i t ed  by r e s t r i c t i n g  p a r t i c l e - s i z e  range and by ma in ta in ing  t h e  
p y r i t e  p a r t i c l e s  a s  l a r g e  a s  p o s s i b l e ,  t h e  e f f i c i e n c y  of  p y r i t e  removal 
i s  improved by i n t e g r a t i n g  g r ind ing  wi th  the  d ry  process .  

When i n t e g r a t e d  wi th  t h e  g r ind ing  o p e r a t i o n ,  t he  d ry  p rocess  was 
e q u a l l y  a s  e f f e c t i v e  a s  t he  w e t  process, and because of  i t s  p o t e n t i a l  
advantages may warrant  f u r t h e r  r e sea rch  on a l a r g e r  s c a l e .  



- 6 -  

Percen t  
of  feed 

8 9 . 4  

9 1 . 0  

9 3 . 5  

8 6 . 1  

8 9 . 4  

9 1 . 6  

8 8 . 6  

Feed 
s i r e ,  
U.S. 
s i e v e  - 

6 0 - 8 0  

80 -100  

100-140 

140-200 

zoo-270 

Z70-400 

too-0 
- 

P y r i t i c  
S u l f u r ,  s u l f u r .  

pc t  D C t  

2 . 3 0  0 .98  

2 .65  1.00 

2 . 7 0  1 .20  

2 .77  1.15 

2 . 4 4  0 . 9 6  

2 . 3 2  0 . 7 2  

3.47 1 . 3 1  

TABLE 1. - ~ r y  removal of P y r i t e  frcrm Cloaely mixed f r a c t i o n #  of f i n e l y  
g r a d  Pit taburuh-#e.m coal v i a  c a n t r i f u u a l  meparat ion 

~ 

L i g h t  f r a c t i o n  Heavy t r a c t i o n  

P o r t i o n  Adjusted 
P o r t i o n  of  p o r t i o +  

Of t o t a l  o f  t o t a l  
y r i t i c  t o t a l  p y r i t i c  p y r i t i c  
u l f u r ,  s u l f u r .  s u l f u r .  s u l f u r .  

1 . 8 4  13 .9  18 .2  1 7 . 2  

1 . 5 0  10 .2  12 .9  14 .3  

2 .23  8 .5  11 .4  17 .5  

2 .83  18.5 2 8 . 4  20 .4  

3 .79  20.0 31 .9  30 .1  

C C t  P C t  D C t  D C t  I 

'The p e r c e n t  of t o t a i  p y r i t i c  s u l f u r  con ta ined  i n  a 10% c o a r s e  c u t  of same composi t ion as t h e  a c t u a l  coa r se  cut .  

l o t e :  Analyses  o f  f eed  f r a c t i o n s  are given  i n  Table  2 .  

F r a c t i o n ,  
u. s. 
sieve 

16 x 60 

6 0  x 80 

8 0  x 100 

100 x 140 

140  x 200 

200 x 270 

270 x 400 

400 x 0 

C ( r ( p 0 S I E  

P o r t i o n  
o f  f e e d ,  

Pet 

0 . 8  

2 . 4  

3 . 1  

10.1 

12.6 

10.3 

11.9 

48 .8  

100.0 

S u l f u r ,  
PCt - 

2 . 1 3  

2 .02  

2 .06  

2.27 

2 . 3 4  

2 .59  

2 . 6 0  

2 .17  

2 . 3 5  

P o r t i o n  
of t o t a l  
sulfur, 

PCt 

0 . 7  

2.1 

2 .8  

10.0 

12.9 

11.7 

13.5 

4 6 . 3  

102.6 

Fyritic 
sulfur, 

PCt 

0 .75  

.65 

.66 

.90 

.97 

1.14 

1.18 

.85 

.97 

P o r t i o n  
O f  t o t a l  
p y r i t i c  

13 .2  6 . 2 0  

6 . 2 7  

15 .1  6 . 2 0  

44 .7  7 . 5 3  

104.3 6 . 9 4  

r 

P o r t i o n  
of t o t a l  
ash. p c t  

0 . 9  

2 . 2  

2 .7  

8 .9  

1 1 . 4  

9 . 4  

10 .8  

53.7 

101.3 
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Component 

Coal  
P y r i t i c  m a t e r i a l  3 

Coal L 
P y r i t i c  m a t e r i a l  3 

TABLE 3 .  - E l e c t r o s t a t i c  s e p a r a t i o n  of  c l o s e l y - s i z e d  b lends  con- 
s i s t i n g  of 90 percent  c o a l ,  10 percent  p y r i t i c  m a t e r i a l  

D i s t r i b u t i o n  of each component, percent  
Rejec t  I Middling I Product 

8 0  x 100 mesh b lend  

2.7 9;:; 97.8 
270 x 400 mesh blend 

1.8 6.2 92.0 
97.9 2.0 .1 1 

TABU 4 .  - Combined centrifuaal-electrostatic s e p a r a t i o n  of p y r i t e  
f r w  a P i t t s b u r g h  s e m  roof  c o a l  

Product  o f  combined 
l e c t r o s t a t i c  s e p a r a t i o n  I s e p a r a t i o n s  

d2 

Y i e l d ,  Analys is  Pc t  

feed  product ,  t o t a l  

r . l t i c  

p c t  of of of 

PCt ~ PY- 

To- Py- s u l -  
t a l  r i t i c  f u r  
s u l -  SUI- 
f u r  f u r  

92.2  3 . 7 8  1.62 8 2 . 3  

8 9 . 2  3 . 5 9  1 .44  70.1  

9 0 . 4  3 . 4 9  1 . 3 4  6 4 . 1  

89 .6  3 .57  1 .42  6 9 . 3  

9 4 . 0  3 .59  1 .44  6 9 . 4  

85 .9  3 . 6 3  1.47 6 4 . 6  

8 9 . 2  3 . 4 5  1.30 5 9 . 4  

9 0 . 7  3 . 5 1  1.36 6 2 . 9  

( e j e c t  of combined 
s e p a r a t i o n s  

' C t  e c t  PCt 
rf of of 
'eed t o t a l  t o t a l  

py- a v a i l -  
r i t i c  a b l e  
s u l -  py- 
f u r  r i t i c  

sulfur 

7 . 8  17 .7  6 1 . 2  

10.8 2 9 . 9  103.5  

9 . 6  3 5 . 9  7 8 . 6  

10 .4  30 .7  6 7 . 2  

6 . 0  30 .6  57 .9  

14 .1  3 5 . 4  6 7 . 0  

10 .8  4 0 . 6  7 6 . 9  

9 . 3  3 7 . 1  7 0 . 2  

L A l l  4 runs i n  the 6 0  minute c o n s i s t  were made by r e c o n s t i t u t i n g  e l e c t r o s t a t i c  s e p a r a t i o n  products  and 

5 P r i t e  s u l f p r s  were c.alcul ed rom t o t a l  u l f u r  u s i n g  the  r e l a t i o n  P.S. = .96 (T.S.) - 2 . 0 1 .  T h i s  r e l a t i o n  

S T h e  p e r c e n t  of t o t a l  p y r i t i c  s u l f u r  r e p o r t i n g  t o  sink @ 1.6 sp  g r  is taken  8s the percent  of available 

adding  the  l a s t  c u t  from c e n t r i f u g a l  s e p a r a t i o n .  

As determined experimenta%y tor t h i s  c o d .  

p y r i t i c  s u l f u r .  
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m a l - e l e c t r o s t a t i c  meparation of p y r i t e  from B 

seem roof c o a l  u t i l i z i n p  .ataged grindin& 

E l e c t r o s t a t i c  seDara- 

TABLE 5 .  - Combined Cent r  
P i t t s b u r g  

Product of Combined 

Centrifugal s e p a r a t i o n  
Feed product 

Pct 
,f 
t o t a l  
PY- 
C i t i C  
SUI- 
fur  

6 8 . 9  

6 4 . 0  

36.2 

18.0 

* 45.7 

Separa t ion  

I 
2 

Yield .  Analys is  Pet 

feed  product ,  t o t e l  

r i t i c  

p c t  Of of of 

PCt PY- 

To- Py- SUI- 
t a l  r i t i c  f u r  
sul- S U I -  

f u r  f u r  

8 8 . 1  2 .64  1.53 7 3 . 6  

9 0 . 1  2.79 1.68 7 4 . 2  

8 4 . 8  2 .28  1.18 54.7 

8 7 . 1  2.15 1.05 50.0 
b z  

L 
Ana l y s i s ,  
PCt 

c t  
f 
o t a  
Y- 
i t i  
U l -  
ur 

- 
18.  

2 .  

I .  

3 .  - 

C m u l a t  ive 
product t o t a l  I E l e c t r o s t e t i c  separa- 

t i o n  r e j e c t  ;;;- t i o n  1 , A  p c t  a l , i i ?  

feed ,  

TO- Py- 
t a l  r i t i c  
a"]- e u l -  
f u r  f u r  

9 . 4  9 . 9 8  7 .57  

3.2 5.61 3 . 3 8  

3 . 1  4 .92  2 . 7 1  

1.2 4 . 7 2  2 .52  

E l e c t r o s t a t i c  
s e m r a t i o n  
product  

1 I 

- 
C t  
f 
o t a l  
Y-  
1 t i c  
U l -  
"r 

- 
18.7 

20.9 

21.9 

24.9 - 

Cumulative 
r e j e c t  t o t a l  

> P y r i t i c  s u l f u r s  were ca lcu lo ted  from t t a l  s u l f u r  u s i n g  t h e  r e l a t i o n  P.S. - .96 (T.S.) - 2.01 .  

3 me percent  8 t o t a l  pyritic sul iur r e p h r t i n g  t o  s i n k  @ 1.6 ap gr is taken as the percent  of avai lable  

This  relation was 
determined ex  e r i m e n t a l l  

p y r i t i c  s u l f u r .  

f o r  t h  s coa? 

TABLE 6 .  - Combined centrifunsl-electroitatic s c m r a t i o n  of p y r i t e  from 
P i t t s b u r p h  Bern s t r i p  mine 

t i o n  product '  
: e jec t  of em- 
' i ned  s e p a r a t i o n  

r i t i i  

1 
1.9 26 .4  

9 . 9  25 .8  

5 . 2  45 .3  L 2.9  50 .0  

L 
PC t 
of 
t o t a l  
a v e i l -  
a b l e  
PY- 
r 1 t i e  
S U I -  

f u r  

51.5  

43 .7  

6 1 . 9  

6 5 . 0  

; P y r i t i c  sulfur is c a l c u l a t e d  by t h e  r e l a t i o n  P.S. - 0 . 9 9  (T.S.) - 1.079.  

LThe percent  of t o t a l  p y r i t i c  s u l f u r  r e p o r t l n g  t o  a i n k  @ 1.6 ap g r  is r e f e r r e d  t o  as the  a v a i l a b l e  

Thin r e l a t i o n  wan determined 
exper imenta l ly  for t h i s  coa l .  

p y r i t i c  s u l f u r .  
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Crusher 

I 

I 
I 

I 

I 

separator 

Heavy 

separator 

Reiect - J  

+ Middling Product 
-10 PCt -90 DCt 

Ground coal feed 

FIGURE 2 .  - Cross Sec t ion  of FIGURE 1. - Dry Process for Removal 
Centr i fugal  Separator of Pyr i t e  from Coal 

FIGURE 3 .  . -  Sketch of 
E l e c t r o s t a t i c  
Separator 
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100 I I I I I 

Coal ,  ball mi l l  
I Pyrite, Hardgrove 

mill - . 
- 

- 

Init ial  size of material, - 
/ 16x30 mesh 

0 ;' I I I I I 

100 

g 90 
W 

," 80 

0 70 Ash, 6.94 pct - c  

n o  

g z  
z'z  
w u 40 

0 
!G 20 

W 
a 

5 ;  60 

50 

[Lo 
z 30 

0 
a 

10 

0 

INITIAL S I Z E  OF FEED, U.S. sieve 

FIGURE 5. - Removal of  P y r i t e  from C l o s e l y  S ized  F r a c t i o n s  
of F i n e l y  Ground Coal by C e n t r i f u g a l  S e p a r a t i o n  
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Size, 16x30 mesh 
T o t a l  sulfur, 4 10 pct 

15 30 45 60 75 90 

BALL MILLING TIME, min 
FIGURE 6. - Float-Sink Behavior of Pittsburgh-Seam Roof 

Coal Following Pulverization by Ball Milling 

A 

I- 
0 
I- .. 
0 

a Pyritic sulfur removed by 
float-sink separation at 1.6 sp gr 

LL 50 - 
Z removed by dry separation 
0 : 25: - 

Reject - F.S. at 

- 

I- 

Reject ~ dry separation 
Q 1.6 sp gr - - 

0 1 I I I 
4 )  

i 

0 

100 I I I -  I 1 
Coal. Before Milling 

Size. 1 6 x 3 0  mesh 
Total sulfur, 4.10 pct 
Pyritic sulfur, 1.93 pet 

BALL MILLING TIME, min 

F I G U R E  7. - Combined Centrifugal-Electrostatic Removal 
of Pyrite from a Pittsburgh-Seam Roof Coal 
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100 I I I 1 I 1 

- :: 75 

Coal. Beiore M i l l i n g  

Size, 16x30 mesh 
Total sulfur, 4.10 pct 
Pyritic sulfur. 1.93 pct 

2 I Pyritic sulfur removed by I 
float-sink separation at 1.6 SP gr 

z Pyritic sulfur removed 
0 L by dry separation 

2 5 F  
0 Reject - dry separation 1 iL c 0 

v Reject - F.S. at 1.6 sp gr 
w ” 
I I I I I 

15 30 45 6 0  75 90 

BALL MILLING TIME, min 
FIGURE 8. - Combined C e n t r i f u g a l - E l e c t r o s t a t i c  Sepa ra t ion  

of P y r i t e  from a Pi t tsburgh-Seam Roof Coa l  
Using S t a g e  Grinding 

I u 
n 
J- 
a 
I- 
O + 
U 
0 
Z 

I- 
(L 

0 

B 

100 

75 

50 

25 

0 

I I I .  I 
Coal- Before M i l l i n g  

Size,  1 6 x 3 0  mesh 

Pyritic sulfur. 1.87 
- Total  sulfur, 2.98 - 

- Pyritic sulfur removed 

Reject 0 

0 . .  
I I I I 

15 30 45 6 0  75 90 
BALL MILLING TIME, min 

FIGURE 9. - Combined C e n t r i f u g a l - E l e c t r o s t a t i c  Removal 
of P y r i t e  from a Pi t tsburgh-Seam S t r i p  Coal 


