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A Study of I n e r t  G a s  Atmospheres on t h e  Oxidation of Coal Mine P y r i t e s  

W i l l i a m  E. Bell & E. Dennis Escher 

Cyrus Wm. R i c e  and Company, P i t t sburgh ,  Pa. 15205 

The production of i r o n  sa l t s  and s u l f u r i c  acid by the oxidat ion of 
p y r i t i c  material i n  c o a l  mines i s  a s u b s t a n t i a l  source of  water pol lu-  
t ion.  These compounds are genera l ly  bel ieved t o  be t h e  r e s u l t  of t h e  
chemical reac t ion  

2 Fe S2 + 7 0 2  + 2H20-+2FeS04 + 2H2SO4 

One means of c o n t r o l l i n g  t h e  rate of t h i s  reac t ion  is to  c o n t r o l  t he  
amount of oxygen i n  the atmos here  surrounding t h e  y r i t e .  Investiga- 
tors a t  Ohio S t a t e  Universityf and Mellon I n s t i t u t e 4 r 3  have discussed 
the e f f e c t  of l i m i t i n g  t h e  oxygen concentrat ion i n  such atmospheres. 
This paper descr ibes  t h e  r e s u l t s  of experiments i n  which p y r i t e  i s  
exposed to  various gaseous atmospheres, i n  t h e  presence of water. 

The p y r i t e  used w a s  ob ta ined  from coal crusher  reject material and was 
l a r g e l y  taken from s t r i p  mining sites i n  t he  C l e a r f i e l d ,  Pennsylvania 
area. It was crushed from 6-8" lumps t o  less than 1" diameter,  and 
loaded i n t o  s i x  i n s u l a t e d  c y l i n d r i c a l  columns, 6 '  x 4 "  I . D .  Approxi- 
mately 40-45 lbs. of  p y r i t e  w e r e  used per column. 

Demineralized water  a t  a cons tan t  temperature of 56'F en tered  t h e  top  
of each column, t r i c k l e d  over t h e  p y r i t e  bed, and was removed from the  
bottom. I n  a s i m i l a r  manner, t h e  gases  w e r e  i n j e c t e d  i n t o  t h e  t o p  of 
each column and e x i t e d  f r o m  t h e  bottcnn. Each column was operated 
s e p a r a t e l y ,  with no in te rconnec t ions .  

TABLE 1 

PYRITE ANALYSIS 

Total  Fe 40% 
T o t a l  S 4 4 %  
L o s s  on I g n i t i o n  13% 
T o t a l  A 1  < 1  
Total  C a  < 1  
Tota l  Mg (1 

The results of t h e  fol lowing gas systems are presented: 

TABLE 2 

COLUMN ATMOSPHERES 

A i r  
Nitrogen 
Nitrogen/Carbon Dioxide 
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Column 1 - This column w a s  loaded with 4 3  Us. of p y r i t e  having an 
average diameter of 3/8". After  loading, the column was backwashed 
t w i c e  wi th  demineralized water t o  f l u s h  so lub le  sal ts  which had formed 
on t h e  su r face  of t h e  p y r i t e .  

A i r  (40 cc/min) and demineralized water ( 1 2  cc/min) were percolated 
through the column continuously f o r  seven days. 
sporadic ,  as measured by frequent  grab samples from t h e  column e f f l u -  
en t .  I t  w a s  surmised t h a t  the a i r ,  w a t e r  and p y r i t e  contact  time w a s  
t oo  s h o r t  and the re fo re  t h e  procedure w a s  changed t o  ope ra t e  t h e  
column from 9 AM to 5 PM on Mondays through Fridays. The column w a s  
s ea l ed  a t  a l l  o t h e r  t i m e s  with no water o r  a i r  flow. This procedure 
produced a more or less s teady production of a c i d i c  i r o n  sal ts  i n  t h e  
e f f l u e n t ,  and w a s  used as the method f o r  operat ing t h e  o t h e r  columns. 

A f t e r  operat ing f o r  twenty days under t h e  modified a l t e r n a t e  flow pro- 
cedure, t h i s  column's gas atmosphere w a s  abrupt ly  switched from a i r  t o  
ni t rogen,  and w a s  operated i n  a s i m i l a r  manner f o r  t h i r t y  days. During 
each operat ing day, two grab samples and a d a i l y  composite sample w e r e  
taken. This a n a l y t i c a l  d a t a  is p l o t t e d  i n  Figures 1 and 2. 

Column 2 - This column w a s  loaded with t h e  same s i z e  f r e s h  p y r i t e  as 
column 1, backwashed t w i c e  and then operated by t r i c k l i n g  water from 
t h e  top  of the column t o  i t s  bottom under a ni t rogen atmosphere during 
eight-hour weekdays f o r  a per iod of twenty days. G r a b  and composite 
samples w e r e  c o l l e c t e d  f o r  a n a l y s i s  da i ly .  

Af t e r  twenty days, t h e  ni t rogen flow w a s  discontinued and a i r  subs t i -  
tuted.  
mination of t he  experiment. The a n a l y t i c a l  d a t a  are p l o t t e d  i n  
Figures 3 and 4. 

Column 3 - w a s  loaded with f r e s h  3/4" O.D. p y r i t e ,  backwashed t w i c e  
and exposed to a mixture of 90% v/v n i t rogen  and 10% V/v  carbon diox- 
ide ,  with the same water flow as before.  This environment w a s  main- 
t a ined  f o r  f i f t y  days u n t i l  t h e  experiment terminated. The a n a l y t i c a l  
d a t a  are p l o t t e d  i n  Figures 5 and 6 .  

Column 4A - w a s  loaded with f r e s h  1/4" O.D. p y r i t e ,  backwashed t w i c e  
and then exposed t o  a water/nitrogen atmosphere f o r  t h i r t y  days the 
experiment terminated. The a n a l y t i c a l  d a t a  are p l o t t e d  i n  Figures 7 
and 8.  

Column SA - was operated exac t ly  t h e  same as column 4A, except a i r  
w a s  used in s t ead  of pure ni t rogen.  
Figures 9 and 10. 

Acid production w a s  

The air /water  system operated f o r  t h i r t y  days u n t i l  t h e  ter- 

The a n a l y t i c a l  d a t a  are p l o t t e d  i n  

During t h e  column experiments with t h e  p y r i t e  under study, two s i g n i f -  
i c a n t  events  common t o  a l l  of t h e  columns occurred. 

a) An air  leak was discovered sometime between t h e  10th and 11th 
of October, i n  a l l  columns. The e f f e c t s  of this leak w e r e  immediately 
noted i n  p l o t t i n g  t h e  grab sample a n a l y t i c a l  r e s u l t s ,  although the 
s ign i f i cance  i s  masked i n  observing the  da t a  p l o t t e d  f o r  columns 2 
and SA, which were being operated i n  an air/water atmosphere. 

Circumstances prevented t ak ing  t h e  scheduled grab samples 
during t h e  period of October 11th and October 21s t ,  al though the  
collrmhs were i n  operation. Therefore,  t h e  point-to-point p l o t  as 

b) 



4+ 
shown i n  t h e  f igu res  i s  poss ib ly  a d i s t o r t e d  view of the  o v e r a l l  re- 
ac t ions  of t h e  p y r i t e  i n  each column. 

DISCUSS ION 

The d a t a  obtained, as seen i n  the  p l o t t e d  f igu res  (Figures 1 - 1 0 ) ,  shows 
the d e f i n i t e  t rend  f o r  and rate of production of a c i d i c  salts  t o  be 
markedly reduced when the  atmosphere d id  no t  contain oxygen. Examina- 
t i o n  of the p l o t s  f o r  columns 1-4 are  p a r t i c u l a r l y  i n t e r e s t i n g ,  s ince  
t h e  atmospheres i n  con tac t  with the  p y r i t e  were switched t o  or from 
ni t rogen  and a i r .  The p y r i t e  response i n  each case w a s  almost immed- 
i a t e  when the atmosphere w a s  reversed; t he  r a t e  of acidic i r o n  s a l t  
production decreasing when an oxygen-f r ee  atmosphere was used. 

I t  is a l s o  of  i n t e r e s t  t o  note  t h a t  t he  genera l  shape of the  curves 
p l o t t e d  f o r  t o t a l  a c i d i t y ,  conduct ivi ty  and i r o n  content  a r e  t h e  same. 

None of t h e  columns, when operated i n  an a i r  f r e e  atmosphere completely 
ceased production of a c i d i c  i ron  s a l t s .  This could be due t o  small ,  
undetected air  leaks ,  o r  t h e  more l i k e l y  p o s s i b i l i t y  t h a t  t he  reac t ions  
tak ing  p lace  had n o t  reached a s teady s t a t e .  

Columns 4A and 5A represent  ni t rogen and a i r  systems respec t ive ly ,  
using smaller p ieces  of p y r i t e  than used i n  columns 1 and 2 .  The in-  
creased sur face  area reduced t h e  t i m e  f o r  s teady state condi t ions t o  
be reached. Columns operated i n  n i t rogen  (4A and t h e  l a t t e r  30 days 
of column 1) showed a s t e e p e r  downward s loping  curve f o r  i ron ,  a c i d i t y  
and conduct ivi ty  when t h e  smal le r  s i zed  p y r i t e  was used. The converse 
w a s  t r u e  f o r  the columns operated i n  a i r  (column SA and t h e  lat ter 30 
days of column 2 )  I 

"The research upon which this publ ica t ion  is  based w a s  performed 
pursuant  to  Contract No. 14-12-404, wi th  t h e  Federal  Water 
Po l lu t ion  Control Administration, Department of t h e  I n t e r i o r . "  
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