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The o b j e c t i v e s  of  t h i s  s t u d y  were t o  modify t h e  p r e s e n t  
d e n s i t y  g r a d i e n t  c e n t r i E u g a t i o n  (DGC) t e c h n i q u e s  f o r  c o a l  
macerals (1-6)  t o  o b t a i n  10-20 grams of  t a r g e t  mace ra l  
c o n c e n t r a t e s  and  t o  de t e rmine  t h e  r e a c t i v i t y  o r  ease of  removing 
t h e  o r g a n i c  s u l f u r  i n  t h e  v a r i o u s  macerals w i t h  s u p e r c r i t i c a l  
methanol  e x t r a c t i o n .  Although t h e  c h e m i s t r y  needed f o r  t h i s  
o b j e c t i v e  i s  n o t  d i f f i c u l t ,  t h e  accumula t ion  of  10 t o  20 gram 
q u a n t i  t i e s  of  "pure" p e t r o g r a p h i c a l l y  v e r i f i e d  s i n g l e  maceral 
c o n c e n t r a t e s  has n o t  been p o s s i b l e  u n t i l  now. The r e s u l t s  of  
r e c e n t  work ( 7 )  have demons t r a t ed  t h a t  the  i n d i v i d u a l  macerals 
can b e  s e p a r a t e d  and v e r i f i e d .  The accumula t ion  of  much l a r g e r  
q u a n t i t i e s  t h a n  have p r e v i o u s l y  been s e p a r a t e d  was a problem t h a t  
h a s  been  overcome by p r e - c o n c e n t r a t i n g  t a r g e t  macerals a t  t h e i r  
d e n s i t y  c u t  p o i n t s .  

S u p e r c r i t i c a l  f l u i d  e x t r a c t i o n  of  c o a l s  h a s  p r e v i o u s l y  been 
r e p o r t e d  as a method i n  the  p r o d u c t i o n  of l i q u i d  f u e l  p r o d u c t s  
from c o a l  under  mi ld  c o n d i t i o n s  and as  a medium f o r  s e l e c t i v e  
d e s u l f u r i z a t i o n  of coal (8 -11) .  A lcoho l s  a r e  expec ted  t o  e x h i b i t  
g r e a t e r  s o l u b i l i t y  f o r  p o l a r  o r g a n i c  molecules  due t o  hydrogen 
bonding  and  d i p o l e  a t t r a c t i v e  f o r c e s ,  a l s o  p r o v i d i n g  t h e  
o p p o r t u n i t y  f o r  chemica l  r e a c t i o n s  d u r i n g  t h e  e x t r a c t i o n  due to  
t h e  n u c l e o p h i l i c i t y  of  t h e  a l c o h o l  oxygen and t h e  tendency  t o  a c t  
as a hydrogen donor .  In a d d i t i o n ,  e n o l  r ea r r angemen t s  ( 1 2 )  may 
p l a y  a r o l e  i n  d e s u l f u r i z a t i o n .  

A s  p r e v i o u s l y  r e p o r t e d  ( 8 - 9 ) ,  d i f f e r e n t  s u p e r c r i t i c a l  
r e a c t i o n  c o n d i t i o n s  produced d i f f e r e n t  e x t e n t s  of  
d e s u l f u r i z a t i o n  of  c o a l s  (33 .9  - 65.7%).  These  v a r i a b l e  
d e s u l f u r i z a t i o n s  a r e  p robab ly  a r e s u l t  o f  d i f f e r e n c e s  i n  e x t e n t s  
of c o n v e r s i o n  of t h e  p y r i t i c  s u l f u r  ( t o  v a r i o u s  a l t e r a t i o n  
p r o d u c t s ,  such  a s  p y r r h o t i t e ) ,  as  w e l l  as o r g a n i c  s u l f u r  
f u n c t i o n a l i t i e s  ( t h i o p h e n o l ,  s u l f i d e ,  and th iophenes )  t o  l i g h t  
g a s e s  s u c h  as  d i m e t h y l s u l f i d e ,  hydrogen s u l f i d e ,  and 
methylmercaptons .  

EXPERIMENTAL 

Maceral S e p a r a t i o n  

In t h i s  r e s e a r c h ,  t h e  DGC t e c h n i q u e  w a s  mod i f i ed  and 
improved t o  o b t a i n  l a r g e r  s i z e  samples .  T h i s  was done i n  two 
ways. F i r s t ,  t h e  c o a l  was d i v i d e d  i n t o  i t s  n a t u r a l  d i v i s i o n s ,  
l i t h o t y p e s ,  which a re  t h e  e a s i l y  i d e n t i f i a b l e  n a t u r a l  
a s s o c i a t i o n s  o f  macerals t h a t  make up t h e  c o a l  seam. T h i s  can be 
done ( a n d  r o u t i n e l y  i s  be ing  done i n  the SIU-C Maceral S e p a r a t i o n  
L a b o r a t o r y )  by c a r e f u l  hand-p ick ing ,  o r  by c e n t r i f u g a t i o n  a t  a 
p a r t i c l e  s i z e  (-100 t o  -200 mesh) t h a t  l i b e r a t e s  t h e  l i t h o t y p e s  
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from each  o t h e r .  Even such  s i m i l a r  mace ra l s  a s  p s e u d o v i t r i n i t e  
and normal v i t r i n i t e  a r e  be ing  s u c c e s s f u l l y  s e p a r a t e d  from each  
o t h e r  now i n  t h i s  manner. Second, low f r equency  mace ra l  phases  
( t h o s e  o c c u r r i n g  a t  less  than  5% of t h e  whole c o a l )  can  be 
p r e - c o n c e n t r a t e d  by c e n t r i f u g a t i o n  of b u l k  q u a n t i t i e s  (10 grams 
o r  more) a t  t he  d e n s i t y  c u t - o f f  p o i n t s  f o r  t h e  t a r g e t  mace ra l s .  
T h i s  p rocedure  r e s u l t s  i n  f r a c t i o n s  which are e n r i c h e d  i n  t h e  
t a r g e t  maceral r e l a t i v e  t o  the  whole c o a l  and a l l o w s  r e l a t i v e l y  
l a r g e r  amounts o f  pu re  mace ra l s  t o  be o b t a i n e d  much more e a s i l y  
than  s t a r t i n g  w i t h  t h e  raw c o a l .  These  p r e - c o n c e n t r a t e d  
f e e d s t o c k s  a r e  then  s u b j e c t e d  t o  t h e  DGC t e c h n i q u e .  

T a r g e t  mace ra l s  f o r  t h i s  s t u d y  i n c l u d e  s p o r i n i  t e ,  
v i  t r i n i  t e ,  p seudov i  t r i n i  t e ,  s e m i f u s i n i  t e  and f u s i n i  te .  These 
a r e  t h e  major  mace ra l  components which c o n t a i n  s i g n i f i c a n t  
o r g a n i c  s u l f u r .  R e s i n i t e  and c u t i n i t e  were n o t  s t u d i e d  because  
the  abundance of t h e s e  mace ra l s  i s  low i n  I l l i n o i s  c o a l s  and they  
c o n t a i n  r e l a t i v e l y  low c o n c e n t r a t i o n s  of o r g a n i c  s u l f u r .  

De s u  1 f u r i  za t i o n  

The d e s u l f u r i z a t i o n  of  c o a l  by s u p e r c r i t i c a l  methanol 
e x t r a c t i o n  was c a r r i e d  o u t  i n  a mic roau toc lave  sys tem (11) t h a t  
c o n s i s t s  of a lOcc s t a i n l e s s  s t e e l  mic roau toc lave  l i n k e d  t o  a 
me te r ing  v a l v e  and a q u i c k  d i s c o n n e c t  f i t t i n g  wi th  h i g h  p r e s s u r e  
tub ing .  The r e a c t o r  sys tem i s  a t t a c h e d  t o  an a u t o m a t i c  s h a k e r ,  
which i s  s u p p o r t e d  above a f l u i d i z e d  sand  b a t h .  The shake r  
a1.l.nws t he  au tn r - l ave  tc he a g i t a t e d  dzring r c a c t i c r .  t o  ensi;re 
u n i f o r m i t y  of r e a c t i o n .  The f l u i d i z e d  sand  b a t h  i s  c o n t r o l l e d  
u s i n g  a n  Omega t empera tu re  con t r o l l e r  t o  e n s u r e  t empera tu re  
s t a b i l i t y .  The normal c h a r g e  i n  t h e  r e a c t o r  c o n s i s t e d  of 1 gram 
of c o a l  and 2 grams of  methanol .  A f t e r  r e a c t i o n  t h e  s o l i d  
r e s i d u e s  were removed from the  r e a c t o r s  and  ground and then  d r i e d  
i n  a vacuum oven a t  95 d e g r e e s  C e l s i u s  f o r  approx ima te ly  90 
minu tes .  The t o t a l  s u l f u r  was then  de te rmined  f o r  a l l  t h e  s o l i d  
r e s i d u e s .  

Samples 

The t h r e e  c o a l s  used  i n  t h i s  s t u d y  were t aken  from the  
I l l i n o i s  Bas in .  They i n c l u d e :  1) S I U  1386,  from t h e  H e r r i n  
No. 6 seam; 2 )  SIU 6475, from the  B r a z i l  Block seam; and 3) 
SIU 1749, a wash p l a n t  mix tu re  of  I l l i n o i s  No. 5 and No. 6. A l l  
t h r e e  c o a l s  a r e  h i g h - v o l a t i l e  b i tuminous  i n  r a n k  w i t h  s t a n d a r d  
v i t r i n i t e  r e f l e c t a n c e s  of 0.42, 0.49, and 0 .79  % r e s p e c t i v e l y .  
The mace ra l  a n a l y s i s  r e v e a l s  t h a t  c o a l s  #1 and 83 a r e  t y p i c a l  
midwestern c o a l s  composed main ly  o f  v i t r i n i t e  (82 .7  and 85.4 %), 
w h i l e  c o a l  #2  h a s  much h i g h e r  l i p t i n i t e  (11 .6  % )  and  i n e r t i n i t e  
( 2 2 . 7 % )  con t e n t s .  

RESULTS OF ANALYSIS 

E f f e c t s  of KOH 

P r i o r  t o  s t a n d a r d i z a t i o n  t h e  5% KOH l o a d i n g  was t e s t e d  
a g a i n s t  known KOH a d d i t i o n .  A t  l o w - s e v e r i t y  (350 d e g r e e s  

i 
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C e l s i u s ,  60 minu tes )  t h e  p r e s e n c e  of  KOH shows a s l i g h t  p o s i t i v e  
e f f e c t  on s u l f u r  removal.  Under s l i  h t l y  more s e v e r e  c o n d i t i o n s  
(450-500 d e g r e e s  C e l s i u s ,  30 minutes?  t h e  d i f f e r e n c e  between 
s u l f u r  removal and t es t s  w i t h  and w i t h o u t  KOH a d d i t i o n  i n c r e a s e s .  
The s u l f u r  removals under  h i g h - s e v e r i t y  c o n d i t i o n s  (500 d e g r e e s  
C e l s i u s ,  60 minu tes )  shows e i t h e r  n o  e f f e c t  o r  a n e g a t i v e  e f f e c t  
of KOH a d d i t i o n .  In many cases s u l f u r  removals d e c r e a s e  as 
r e a c t i o n  t imes  a r e  i n c r e a s e d  from 30 t o  60 minutes .  These  
p a t t e r n s  a r e  independen t  f o r  t h e  t h r e e  c o a l s  s t u d i e d  and t h e  
p r e p a r a t i o n  t h e  c o a l  r e c e i v e s .  However, t h e  e x t e n t  of t h e  
r e d u c t i o n  i s  c o a l  dependen t .  Coal 1 and 2 show a s l i g h t  
r e d u c t i o n  i n  s u l f u r  removal ,  whereas ,  c o a l  3 g i v e s  l a r g e  amounts 
of s u l f u r  i n c o r p o r a t i o n .  T h i s  phenomena h a s  been obse rved  
p r e v i o u s l y  by Murdie (11). The i n c o r p o r a t i o n  i s  s h o r t - l i v e d  a t  
m o d e r a t e - s e v e r i t y  and  i s  d i f f i c u l t  t o  p i n p o i n t .  A t  h i g h e r  
s e v e r i t y  c o n d i t i o n s  the  deg ree  of i n c o r p o r a t i o n  may be permanent .  
The s e v e r e  i n c o r p o r a t i o n  no ted  w i t h  c o a l  3 may be  e x p e r i m e n t a l  
c o i n c i d e n c e  i n  o b t a i n i n g  t h e  maximum i n c o r p o r a t i o n  a t  t h e  
s p e c i f i e d  t empera tu res .  However, c o a l  3 d i d  show a c o n s i s t e n t  
l i n e a r  d e c r e a s e  i n  s u l f u r  removal a s  a f u n c t i o n  of r e a c t i o n  t i m e  
a t  500 d e g r e e s  C e l s i u s .  A t  15 minu tes  r e a c t i o n  time 65% s u l f u r  
removal was o b t a i n e d .  A t  60 minu tes  r e a c t i o n  t ime 6% s u l f u r  
removal was o b t a i n e d .  Although i n c o r p o r a t i o n  r e a c t i o n s  
c o m p l i c a t e  d a t a  i n t e r p r e t a t i o n ,  t h e  i n c r e a s e  s u l f u r  removals  i n  
t h e  p r e s e n c e  of KOH were s i g n i f i c a n t  enough t o  s t a n d a r d i z e  on 
t h i s  o p e r a t i o n  p rocedure .  Thus,  most of t he  d a t a  r e p o r t e d  i s  f o r  
5% KOH l o a d i n g s .  

E f f e c t s  of Sample P r e p a r a t i o n  

-60 mesh c o a l .  A t  m o d e r a t e - s e v e r i t y  t h e  micronized  c o a l  t e n d s  t o  
be  s l i g h t l y  more r e a c t i v e  than  t h e  -60 mesh s i z e  f r a c t i o n  o f  t h e  
same c o a l ;  and a t  h i g h - s e v e r i t y  t h e  micronized  c o a l  i s  
s u b s t a n t i a l l y  more r e a c t i v e  than  t h e  -60 mesh s i z e  f r a c t i o n  of 
t h e  same c o a l .  

The d a t a  imply t h a t  s l i g h t  o x i d a t i o n  i n  t h e  f i n e  c o a l  

Under m i l d - s e v e r i  t y ,  mic ron ized  c o a l  i s  l e s s  r e a c t i v e  than  

p a r t i c l e s  r e t a r d s  d e s u l f u r i z a t i o n  under  mi ld  c o n d i t i o n s ,  b u t  mass 
t r a n s p o r t  e f f e c t s  a r e  more s i g n i f i c a n t  a t  h igh -  s e v e r i t y .  
R e t a r d a t i o n  of  s u l f u r  removal under  mi ld  d e s u l f u r i z a t i o n  
c o n d i t i o n s  may be t h e  r e s u l t  of s u r f a c e  o x i d a t i o n  o f  p y r i t e  
p a r t i c l e s  o r  o x i d a t i o n  of f r e s h l y  exposed  c o a l  s u r f a c e s .  The 
s u r f a c e  o x i d e  on p y r i t e  p a r t i c l e s  would be expec ted  t o  be l ess  
s u s c e p t i b l e  t o  d e s u l f u r i z a t i o n  a t  low t empera tu res .  However, a t  
h i g h e r  t empera tu res  the  s u l f a t e s  would be expec ted  t o  decompose 
t o  SOX. S u l f u r  i n c o r p o r a t i o n  i s  more l i k e l y  t o  occur  a t  e l e v a t e d  
t empera tu res .  The mic ron ized  p a r t i c l e s  a l l o w  t h e  p roduc t  less  
time t o  r e a c t  w i t h  components on t h e  po re  wal ls  than  -60 mesh 
p a r t i c l e s .  Thus ,  m i c r o n i z a t i o n  r e d u c e s  the  chance  of 
i n c o r p o r a t i o n  d u r i n g  the  p r o c e s s  of  p roduc t  d i f f u s i o n  t o  t h e  b u l k  
gas .  Thus ,  h i g h e r  s u l f u r  removals  can be observed  i n  the  
mic ron ized  samples .  On t h e  o t h e r  hand ,  when c o n d i t i o n s  i n  t h e  
b u l k  g a s  f a v o r  s u l f u r  i n c o r p o r a t i o n ,  t h e  smaller p a r t i c l e  s i z e  of 
t h e  mic ron ized  c o a l  w i l l  enhance  s u l f u r  i n c o r p o r a t i o n .  
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F i g u r e  1 d e m o n s t r a t e s  t h e  e f f e c t  of t h e  t r e n d  i n  s u l f u r  
removal as a f u n c t i o n  of sample p r e p a r a t i o n .  These r e s u l t s  are 
t y p i c a l  of h i g h - s e v e r i t y  SME p r o c e s s i n g  and  r e f l e c t  t r e n d s  i n  
maximum s u l f u r  removal .  The d a t a  a r e  r e p o r t e d  f o r  samples  
p repa red  from c o a l  1, b u t  t h e  t r e n d  i s  a l s o  a p p l i c a b l e  f o r  s u l f u r  
removals  from c o a l s  2 and 3 .  Less s u l f u r  i s  removed from the  -60 
mesh s i z e  f r a c t i o n  than  i s  removed from t h e  mic ron ized  c o a l ;  less 
s u l f u r  i s  removed from t h e  mic ron ized  c o a l  than  i s  removed from 
t h e  mic ron ized /  d e m i n e r a l i z e d  c o a l ;  and l e s s  s u l f u r  i s  removed 
from t h e  micronized/demineralized c o a l  than  i s  removed from the  
micronized/demineralized/ ces ium c h l o r i d e - f l o a t e d  c o a l .  These 
d a t a  r e f l e c t  t r e n d s  t h a t  a r e  a p p l i c a b l e  f o r  a l l  p r o c e s s  
c o n d i t i o n s  s t u d i e d  a t  o r  above  450 d e g r e e s  C e l s i u s .  The p a t t e r n s  
a re  a l s o  i n d e p e n d e n t  o f  t h e  s u l f u r  i n c o r p o r a t i o n  phenomena. In  
o t h e r  words,  i f  s u l f u r  i n c o r p o r a t i o n  i s  obse rved  f o r  a c o n d i t i o n ,  
t h e  magnitude of t h e  i n c o r p o r a t i o n  a p p e a r s  t o  be independen t  of 
t h e  sample p r e p a r a t i o n .  

F i g u r e  2 shows s u l f u r  removal under  500 degrees  C e l s i u s  
and  60 minu tes  r e a c t i o n  t ime f o r  v i t r i n i t e  and s p o r i n i t e  maceral 
c o n c e n t r a t e s  o f  c o a l  2 .  S u l f u r  removal i n  t h e  v i t r i n i t e  and 
s p o r i n i  t e  c o n c e n t r a t e s  are  subs  t a n t i a l l y  h i g h e r  than s u l f u r  
removal i n  t h e  mic ron ized  c o a l  o r  t h e  sample p repa red  by a 
1.6g/ml f l o a t a t i o n  p r o c e s s .  
c o n c e n t r a t e s  c o n t a i n  86% of t h e  t o t a l  o r g a n i c  s u l f u r  i n  the  c o a l .  
Assuming t h a t  none oE t h e  s u l f u r  i n  t h e  o t h e r  mace ra l s  i s  
removed, t h e  r e s u l t s  on t h e  v i  t r i n i  te and  s p o r i n i t e  c o n c e n t r a t e s  
s -ggcs ts  that  65% of  the o r g a n i c  s u l f u r  shou ld  be removed i n  t h e  
mic ron ized  o r  f l o a t e d  samples .  S i n c e  b o t h  t h e  f l o a t  and macera l  
c o n c e n t r a t e s  c o n t a i n  a b o u t  t h e  same amount of  cesium i n t r o d u c e d  
d u r i n g  the  p r e p a r a t i o n  p r o c e s s ,  c a t a l y t i c  d e s u l f u r i z a t i o n  e f f e c t s  
c a n  be e l i m i n a t e d  a s  a c a u s e  f o r  t h e  h i g h  d e s u l f u r i z a t i o n  ra tes  
i n  the  maceral c o n c e n t r a t e s .  Thus,  t h e  d a t a  s u g g e s t s  t h a t  o t h e r  
mace ra l s  i n h i b i t  s u l f u r  removal o r  t r a p  p r o d u c t s  of t h e  * j  

d e s u l € u r i z a  t i o n  p r o c e s s .  

F i g u r e  3 d e p i c t s  s u l f u r  removal of  maceral c o n c e n t r a t e s  a t  
m i l d e r  e x p e r i m e n t a l  c o n d i t i o n s .  S i m i l a r  t r e n d s  a r e  observed .  
Namely, vi  t r i n i t e  and s p o r i n i  t e  c o n c e n t r a t e s  evo lve  more s u l f u r  
t h a n  whole o r  f l o a t e d  c o a l s .  Thus,  s u l f u r  removals  i n  the  
v i t r i n i t e  and s p o r i n i t e  occur  a t  a f a s t e r  r a t e  a s  w e l l  as 
r e a c h i n g  a h i g h e r  max imum.  Not enough t e s t s  have been conducted  
on t h e  mace ra l  c o n c e n t r a t e s  t o  judge  s u l f u r  i n c o r p o r a  t i o n  
t e n d e n c i e s .  

The v i t r i n i t e  and s p o r i n i t e  

F i g u r e  3 a l s o  c o n t a i n s  d a t a  f o r  one t e s t  conducted  on the  
v i t r i n i t e  c o n c e n t r a t e  of  c o a l  1 a t  a h i g h - s e v e r i t y  c o n d i t i o n .  
The s u l f u r  removal  i n  t h e  v i t r i n i t e  c o n c e n t r a t e  was found t o  be 
h i g h e r  than  t h e  sample p r e p a r e d  by s e q u e n t i a l  m i c r o n i z a t i o n ,  
d e m i n e r a l i z a t i o n ,  and f l o a t a t i o n .  The d i f f e r e n c e  i n  s u l f u r  
removal between t h e  mace ra l  c o n c e n t r a t e  and t h e  f l o a t e d  sample i s  
n o t  a s  g r e a t  a s  t he  e q u i v a l e n t  t e s t s  on samples  p repa red  from 
c o a l  2. However, t h e  v i t r i n i t e  c o n c e n t r a t i o n  in coal 1 i s  
s u b s t a n t i a l l y  h i g h e r  than i n  c o a l  2. T h e r e f o r e ,  t he  f l o a t  sample 
from c o a l  1 would be e x p e c t e d  t o  be s imilar  t o  the  v i t r i n i t e  
c o n c e n t r a t e .  The 5% lower s u l f u r  removal i n  t h e  f l o a t  sample 
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i n d c a t e s  a l a r g e  s e n s i t i v i t y  i n  s u l f u r  removal w i t h  v a r i a t i o n s  i n  
maceral c o n c e n t r a t i o n .  

CONCLUSIONS 

The mod i f i ed  DGC method employing a p r e - c o n c e n t r a t i o n  o f  
mace ra l s  a t  s p e c i f i c  d e n s i t y  c u t - p o i n t s  a l l o w s  f o r  accumula t ion  
of a s u f f i c i e n t  q u a n t i t y  of  pu re  mace ra l  c o n c e n t r a t e s  f o r  t e s t i n g  
t h e  d e s u l f u r i z a t i o n  p r o p e r t i e s  of i n d i v i d u a l  mace ra l s .  The 
c o n c e n t r a t i o n  of lOgm a l i q u o t s  of pu re  mace ra l  c o n c e n t r a t e s  
r e p r e s e n t s  a new advance  i n  c o a l  s e p a r a t i o n  technology.  T h i s  i s  
t h e  f i r s t  t i m e  that  such  l a r g e  q u a n t i t i e s  of pu re  m a c e r a l s  have  
been s e g r e g a t e d  by  any  t echn ique .  

The c o n d i t i o n s  under  which samples  a r e  t e s t e d  a r e  e x t r e m e l y  
c r i t i c a l  t o  t h e  e x t e n t  oE s u l f u r  removal .  I n  g e n e r a l ,  i n c r e a s e d  
t empera tu re  i n c r e a s e s  d e s u l f u r i z a t i o n .  A l s o ,  s u l f u r  removal 
i n c r e a s e s  w i t h  l o n g e r  r e a c t i o n  t imes .  The p resence  of KOH 
enhances  t h e  ra te  of  s u l f u r  removal.  S u l f u r  can  be 
r e i n c o r p o r a t e d  from s u l f u r - c o n t a i n i n g  gaseous  p r o d u c t s ,  and KOH 
enhances  t h e  s u l f u r  r e i n c o r p o r a t i o n .  Some of t h e  s u l f u r  removal  
may be r e t a r d e d  by i n c o r p o r a t i o n  of p r o d u c t s  d u r i n g  d i f f u s i o n  of 
p r o d u c t  g a s e s  through t h e  pore  sys tem of the  r e s i d u a l  c o a l .  
Thus ,  v e r y  f i n e  p a r t i c l e  s i z e s  are  d e s i r a b l e  f o r  chemica l  
d e s u l f u r i z a t i o n .  

The type  of sample p r e p a r a t i o n  a f f e c t s  s u l f u r  removal .  I n  
g e n e r a l ,  p a r t i c l e  s i z e  r e d u c t i o n  i n c r e a s e s  s u l f u r  removal .  
D e m i n e r a l i z a t i o n  r e s u l t s  i n  i n c r e a s e d  s u l f u r  removal i n  
subsequen t  p r o c e s s i n g .  V a r i a t i o n s  i n  s u l f u r  removal due t o  
v a r i a t i o n s  i n  c o a l  p r o p e r t i e s  a r e  obse rved  f o r  t h e  m i c r o n i z e d  
and d e m i n e r a l i z e d  c o a l s .  

The d e m i n e r a l i z e d  c o a l s  c o n t a i n  p y r i t e .  P y r i t e  i s  removed 
by f l o a t a t i o n  a t  a 1.6gm/ml s o l u t i o n .  F l o a t a t i o n  p roduces  a v e r y  
c l e a n  c o a l  t h a t  i s  more r e a c t i v e  t h a n  t h e  d e m i n e r a l i z e d  c o a l .  
Fo r  f l o a t  s amples ,  a p p r o x i m a t e l y  t h e  same maximum d e s u l f u r i z a t i o n  
l e v e l  i s  o b t a i n e d  independen t  of  d e s u l f u r i z a t i o n  p r o c e s s  and c o a l  
p r o p e r t i e s .  

The f l o a t  samples  demons t r a t e  t h a t  o r g a n i c  s u l f u r  i s  more 
amenable t o  d e s u l f u r i z a t i o n  than  was p r e v i o u s l y  though t .  

S i n c e  h i g h  l e v e l s  of s u l f u r  removal a r e  o b t a i n e d  d u r i n g  
p y r o l y s i s ,  t h e  s u l f u r  removals  r e p o r t e d  a re  n o t  a n  ar t iEact  of 
sample d i l u t i o n .  Fu r the rmore ,  e i t h e r  p y r i t e  i s  less r e a c t i v e  
than  t h e  o r g a n i c  s u l f u r  o r  t he  p y r i t e  ( o r  d e r i v e d  p r o d u c t s  of  
p y r i t e )  a i d  i n  s u l f u r  i n c o r p o r a t i o n  r e a c t i o n s .  The r e s u l t s  
s u g g e s t  t h e  thermal -chemica l  d e s u l f u r i z a t i o n  should  be p receded  
by a thorough p h y s i c a l  c l e a n i n g  t h a t  removes b o t h  p y r i t e  and 
o t h e r  c o a l  m i n e r a l s .  

F i n a l l y ,  t h e  main o b j e c t i v e  of t h i s  s t u d y  was t o  
i n v e s t i g a t e  the  d e s u l f u r i z a t i o n  b e h a v i o r  of  i n d i v i d u a l  c o a l  
mace ra l s .  The s p o r i n i  te and v i  t r i n i  t e  c o n c e n t r a t e s  a r e  more 
r e a c t i v e  towards  d e s u l f u r i z a t i o n  p r o c e s s e s  than  any of t h e  o t h e r  
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m a t e r i a l s  t h a t  were s t u d i e d .  They a l s o  gave  t h e  h i g h e s t  
d e s u l f u r i z a t i o n  l e v e l s .  S i n c e  t h e y  a re  more r e a c t i v e  than  whole 
c o a l s  o r  f l o a t e d  samples ,  t h e  o t h e r  c o n s t i t u e n t s  i n  t h e  c o a l  
m a t r i x  must r e d u c e  s u l f u r  removals .  T h i s  phenomena h a s  n o t  been 
r e p o r t e d  p r e v i o u s l y .  I t  i m p l i e s  t h a t  t h e  i n e r t i n i  t e  macerals may 
behave i n  a manner similar to  a c t i v a t e d  c h a r c o a l  and  c h e m i c a l l y  
a b s o r b  c o p i o u s  amounts of s u l f u r  d u r i n g  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 e s .  The p r a c t i c a l  r e s u l t  of t h i s  phenomenon i s  that  
s e l e c t i o n  of c o a l s  on t h e  b a s i s  of maceral compos i t ion  c o u l d  b e  
n e c e s s a r y  t o  o p t i m i z e  thermal -chemica l  d e s u l f u r i z a t i o n .  Work i n  
t h i s  a r e a  i s  c o n t i n u i n g  a t  Sou the rn  I l l i n o i s  U n i v e r s i t y  a t  
Carbondale .  
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WHOLE COAL DESULFURIZATION 
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Typical r e su l t s  from a single coal sulfur removal with supercr i t ica l  
methanol extraction a t  450 degrees C fo r  30 minutes showing the  
e f f ec t s  o f  pretreatment of the  sample. 
D = micronized and demineralized, F = micronized, demineralized, and 
f loa ted  a t  1.6 gm/ml.) 

(R = raw, bl = micronized, 
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PURE MACERAL DESULFURIZATION 
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Table 2 .  R e s u l t s  o f  s u l f u r  removal with s u p e r c r i t i c a l  methanol e x t r a c t i o n  (SME) 
on pure  maceral f r a c t i o n s  from t h e  same coa l  sample a t  500 degrees  C f o r  
60 minutes .  (M = micronized c o a l ,  V = v i t r i n i t e ,  S = s p o r i n i t e . )  I t  
should be noted t h a t  t h e  high s u l f u r  removals r e p r e s e n t  t h e  removal o f  
organic  s u l f u r .  P y r i t i c  a n d  s u l f a t e  s u l f u r  have been removed e a r l i e r .  

a 8 0  
W > 
I 
W 
U 

U 
3 
LL 

ul 

6 0  

4 0  

g 20 
$ 0  

PURE MACERAL DESULFURIZATION 

m M 2  m F 1  

TEMP 350°C 400°C 45OOC 500°C 
TIME 120 MIN 120 MIN 30 MIN 60 MIN 

Table  3 .  R e s u l t s  of s u l f u r  removal with s u p e r c r i t i c a l  methanol e x t r a c t i o n  on p u r e  
maceral c o n c e n t r a t e s .  In a l l  c a s e s  more s u l f u r  i s  removed from t h e  
macerals  than  t h e  micronized and/or  f l o a t e d  c o a l .  ( M 2  = micronized 
c o a l  # 2 ,  V2 = v i t r i n i t e  from coal  # 2 ,  S2 = s p o r i n i t e  from coal  # 2 ,  
F1 = f l o a t e d  coa l  #1, and V1 = v i t r i n i t e  from coal  # l . )  
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