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The h i g h  su lphur  con ten t  o f  Eas tern  Canadian coa ls  has l e d  t o  a 
number of s tud ies  aimed a t  reduc ing  these  su lphu r  leve ls ' .  
about two t h i r d s  o f  t h e  su lphu r  i s  p y r i t i c ,  o f t e n  o c c u r i n g  as smal l  
i n c l u s i o n s ,  and t h e r e f o r e  d i f f i c u l t  t o  remove by conven t iona l  
b e n e f i c i a t i o n  techn iques .  

p y r r h o t i t e  and H,S i s  emi t ted .  It has been repo r ted2  t h a t  n o t  a l l  o f  
t h e  su lphu r  from t h e  p y r i t e l p y r r h o t i t e  t r a n s f o r m a t i o n  i s  em i t ted ;  some 
becomes t rapped i n  t h e  o rgan ic  m a t r i x  as 'bound' su lphur .  I n  
i n v e s t i g a t i o n s  o f  t h e  p y r o l y s i s  of Nova Scot ian  coa l ,  B ro the rs  no ted  
t h a t  when 95% o f  t h e  p y r i t i c  su lphu r  was removed p r i o r  t o  p y r o l y s i s ,  
t h e  r e s i d u a l  o rgan ic  su lphu r  i n  t h e  char  decreased by about 50% i n  
comparison t o  t h a t  o f  cha r  formed f rom t h e  raw coa l .  

The present  s tudy  dea ls  wi th  t h e  p y r o l y s i s  o f  coa l  f rom t h e  P r i n c e  
C o l l i e r y  i n  Cape Bre ton  I s land ,  Nova S c o t i a  (Tab le  1). Th is  p a r t i c u l a r  
coa l  was chosen b o t h  because of i t s  h i g h  su lphu r  con ten t  (-4 wt.% S)  
and because i t  i s  t y p i c a l  o f  much o f  t h e  proven reserves  of t h e  f i e l d .  

I n  genera l  

I n  general  when coa l  i s  p y r o l y s e d  t h e  p y r i t e  decomposes t o  

Experiment a1 

(1-2.4 mm). Approx imate ly  2 g o f  coa l  was p laced  i n  an a lumina boat  
and py ro l ysed  under argon i n  a t u b e  fu rnace  a t  a v a r i e t y  o f  
temperatures and t imes. 

Chemical Co. '.Quickmount' cold-mount ing res in ,  and p o l i s h e d  i n  
p r e p a r a t i o n  f o r  scanning e l e c t r o n  microscopy (SEM). Represen ta t i ve  
p y r i t e  c r y s t a l s  about 20 IJI-II i n  diameter,  and n o t  near  macropores o r  
o t h e r  d i s c o n t i n u i t i e s ,  were s e l e c t e d  f o r  study. 

A Jeo l -35  SEM mic roprobe equipped w i t h  energy- and wavelength- 
d i s p e r s i v e  spec t rometers  was used f o r  e lementa l  ana lys i s .  P o i n t  
ana lyses  were c a r r i e d  o u t ;  these covered approx ima te l y  0.5 INI f o r  t h e  

The coa l  was c rushed and s ieved  on T y l e r  screens t o  -8 + 16 mesh, 

A f t e r  p y r o l y s i s  p ieces  of t h e  coa l  were mounted u s i n g  F i s h e r  



p y r i t e  and 1  an f o r  t h e  coa l .  

c o u n t i n g  t imes  of 200 seconds, an a c c e l e r a t i n g  v o l t a g e  o f  15 KV, and a I 

p y r i t e  c r y s t a l  as  standard.  i 

The s tandard  atomic number, abso rp t i on  
and f luorescence (ZAF)  c o r r e c t i o n s  were a p p l i e d  t o  a l l  a n a l y s i s ,  u s i n g  l 

Resu l t s  

The e x t e n t  of p y r i t e  decomposi t ion was f o l l o w e d  by o b t a i n i n g  S/Fe 
a tomic  r a t i o s  a t  v a r i o u s  p o i n t s  across  s e l e c t e d  p y r i t i c  i n c l u s i o n s .  
F igu re  1 i s  a p l o t  o f  t h i s  r a t i o  vs. " d i s t a n c e  f rom t h e  edge o f  t h e  
i n c l u s i o n "  f o r  seven p a r t i c l e s  p y r o l y s e d  a t  d i f f e r e n t  temperatures.  
The d u r a t i o n  o f  p y r o l y s i s  was 15 - 20 hours. I t i s  apparent t h a t  t h e  
t r a n s f o r m a t i o n  f r o m  p y r i t e  t o  p y r r h o t i t e  i n  P r i n c e  coa l  ma in l y  occurs 
i n  t h e  tempera ture  range 500-550". 

i n c l u s i o n / c o a l  i n t e r f a c e  i n t o  t h e  ma t r i x .  Th i s  demonstrates t h e  
cons tan t  background l e v e l  of o rgan ic  su lphu r  i n  t h e  coal  m a t r i x  
su r round ing  undecomposed p y r i t e  p a r t i c l e s  a t  400 and 500". 
c o n t r a s t ,  i t  i s  c l e a r  t h a t  t h e  su lphu r  c o n t e n t  i s  enhanced around 
p y r i t e  p a r t i c l e s  t h a t  had been py ro l ysed  a t  550, 600 and 700°C, and 
t h a t  su lphur  t r a n s f e r  has occurred. 

F igu re  3 shows t h e  e f f e c t  o f  t i m e  on t h i s  su lphu r  t r a n s f e r  d u r i n g  
p y r o l y s i s  a t  600°C. It can be seen t h a t  t h e  t o t a l  amount o f  su lphu r  
t r a n s f e r r e d  remains approx ima te l y  cons tan t  a f t e r  15.5 hours  and t h a t  
t h e  depth o f  p e n e t r a t i o n  o f  su lphur  i n t o  t h e  su r round ing  o rgan ic  m a t r i x  
does n o t  i n c r e a s e  w i t h  t i m e  o f  p y r o l y s i s .  

F igu re  2 i s  a p l o t  o f  wt .% S as a f u n c t i o n  o f  d i s t a n c e  f r o m  t h e  

In 

D i  scuss i  on 

A. Trans fo rma t ion  Temperature 

A t  400°C and 500°C ve ry  l i t t l e  decompos i t ion  occur red ,  w h i l e  a t  
600°C and 700°C t r a n s f  o rma t i  on was v i  r t u a l  l y  complete. 
however, t h e  t r a n s f o r m a t i o n  was incomple te  w i t h i n  t h e  20 hours g i ven  
f o r  p y r o l y s i s ,  t h e  r e s u l t s  i n d i c a t i n g  a p y r i t e  co re  surrounded by a 
p y r r h o t i t e  s h e l l .  These r e s u l t s  i n d i c a t e  t h a t  p y r i t e  i n  P r i n c e  coa l  
beg ins  t o  p y r o l y s e  between 500 and 550°C; t h i s  i s  i n  general  agreement 
w i t h  temperatures r e p o r t e d  by o t h e r  authors$. 

B. Sulphur T r a n s f e r  

A t  550°C, 

The r e s u l t s  o f  t h i s  s tudy  i n d i c a t e d  t h a t  t h e r e  was l i t t l e  t r a n s f e r  
of su lphur  f r o m  p y r i t e  t o  t h e  sur round ing  o rgan ic  m a t r i x  o f  coa l  n o t  
heated  beyond 500°C. T h i s  i s  s i m i l a r  t o  t h e  f i n d i n g s  o f  Raymond and 
Hagan5 who examined un reac ted  coa l  by SEM. 
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The e x t r a  su lphu r  observed around t h e  decomposed p y r i t e  i n  t h e  
present  s tudy t h e r e f o r e  was formed as a r e s u l t  o f  t h e  p y r o l y s i s  
reac t i ons .  Rad io - t race r  work us ing  35S-doped p y r i t e  has shown t h a t  
some of t h e  su lphu r  re leased combines w i t h  t h e  o rgan ic  m a t r i x  w i t h  t h e  
fo rma t ion  of carbon-sulphur  bonds6. 
p y r o l y s i s  su lphur  m ig ra tes  w i t h i n  t h e  i r o n  s u l p h i d e  as S-. 
sur face of  t he  FeS charge t r a n s f e r ,  r e a c t i o n  and d e s o r p t i o n  would l ead  
t o  a v a r i e t y  o f  compounds. 

Consider ing t h e  hydrogen-r ich environment presented by t h e  
decomposing coal  m a t r i x ,  one impor tan t  su lphu r  compound would be H,S, 
which would beg in  t o  d i f f u s e  away f rom t h e  FeS/coal i n t e r f a c e  th rough  
t h e  pores of t h e  ma t r i x .  A c t i v e  carbon s i t e s ,  t h a t  a re  be ing  generated 
s imul taneously  by d e v o l a t i l i z a t i o n  o f  t h e  coal  m a t r i x ,  a l s o  c o u l d  r e a c t  
w i t h  t h e  su lphu r  t r a p p i n g  i t  as newly formed and s t r o n g l y  bound 
"o rgan ic "  sulphur.  
t h e  o v e r a l l  su lphu r  l i b e r a t e d  i n  t h e  decomposi t ion of  t h e  p y r i t e  became 
f i x e d  as "organi  c" su lphur .  

decomposed e n t i r e l y  t o  p y r r h o t i t e  w i t h i n  15.5 hours. R e f e r r i n g  t o  
Fig.  3 i t  i s  s i g n i f i c a n t  t h a t  t h e  depth of  p e n e t r a t i o n  d i d  n o t  i nc rease  
w i t h  i n c r e a s i n g  t ime, which i n d i c a t e s  t h a t  t h e  t rapped  su lphu r  was no t  
mobi le .  I n  a d d i t i o n ,  t h e r e f o r e ,  we may conclude t h a t  d i f f u s i o n  i n  t h e  
m a t r i x  i s  not  an impor tan t  mechanism f o r  m i g r a t i o n  of  su lphu r  f rom t h e  
p y r i t e / c o a l  i n t e r f a c e .  The main t r a n s f e r  mechanism f o r  t h e  su lphu r  
that does escape probably  i s  p o r e - d i f f u s i o n  of H,S. 

The data o f  F ig .  2 can be used t o  e s t i m a t e  t h e  amount o f  su lphu r  
t rapped  i n  a s p h e r i c a l  s h e l l  around a p y r i t e  p a r t i c l e ,  and t o  compare 
i t  w i t h  t h e  amount o f  su lphur  known t o  be re leased  by t h e  p y r i t e /  
p y r r h o t i t e  decomposi t ion.  W i th in  t h e  u n c e r t a i n t i e s  o f  t h i s  o r d e r - o f -  
magnitude c a l c u l a t i o n  we concluded t h a t  a l l  t h e  su lphu r  re leased  f rom a 
smal l ,  well-embedded, p y r i t e  p a r t i c l e  i n  P r ince  coal  becomes t rapped  i n  
t h e  coal  ma t r i x .  However, it should be p o i n t e d  ou t  again t h a t  d u r i n g  
t h e  p y r o l y s i s  of macro amounts of coal  a cons ide rab le  amount o f  p y r i t i c  
su lphu r  i s  re leased  i n t o  t h e  gas phase as H,S; presumably t h i s  
o r i g i n a t e s  w i t h  p y r i t e  of a more massive n a t u r e  o r  which i s  n o t  so w e l l  
embedded i n  t h e  m a t r i x .  

It has been suggested' t h a t  d u r i n g  
A t  t h e  

I n  t h e  35S t r a c e r  work r e f e r r e d  t o  above, 38% of 

F i g u r e  1 shows t h a t  a t  6OOOC a t y p i c a l  p y r i t e  g r a i n  has 

Summary 

The decomposi t ion temperature of  p y r i t e  i n  P r ince  coal  was found 
t o  be between 500 and 550°C as determined u s i n g  a SEM-microprobe. I n  
a d d i t i o n ,  some of t h e  su lphur  l i b e r a t e d  i n  t h i s  decomposi t ion became 
t rapped  i n  t h e  coal  m a t r i x  surrounding t h e  p y r i t e  c r y s t a l s .  For smal l  
c r y s t a l s ,  we l l  embedded i n  the coal  m a t r i x ,  a l l  t h e  su lphu r  re leased  by 
t h e  decomposing p y r i t e  becomes t rapped  as "o rgan ic "  su lphur .  
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Table 1. Prox imate  A n a l y s i s  and Sulphur Forms o f  P r ince  Coal 

C o n s t i t u e n t  Weight Percent  
(mo is tu re  f r e e  b a s i s )  

Mo is tu re  

V o l a t i  l e s  

Ash 

Carbon 

Sul phur : 

P y r i t i c  

Su lpha t i  c 

Organ ic  

To ta l  

5.5* 

27.8 

19.9 

52.4 

3.33 

0.34 

1.13 

4.80 

* 
On "as rece ived"  b a s i s  
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F i g . 1  Decomposi t ion o f  FeS2 t o  FeS as coal i s  
heated  above 5000. 
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a 
Fig.2 Sulphur  from decomposed p y r i t e  t r a p p e d  i n  

m a t r i x  o f  c o a l .  
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F i g . 3  S t a b i l i t y  w i t h  time o f  s u l p h u r  t r a p p e d  i n  
matrix o f  c o a l .  
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