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The i n v e s t . i g a t i o n  (l), of  which t h i s  d i s c u s s i o n  i s  a p a r t ,  w a s  p r imanly  con- 
e rned  w i t h  t h e  use  o f  c o a l  as a r e a c t a n t  i n , a  p o t e n t i a l  p r o c e s s  t o  remove s o l u b l e  

, o l l u t a n t s  from c o a l  m i n e  d ra inage .  
n each  s u b s t a n c e  which may have  c o n s i d e r a b l e  s i g n i f i c a n c e .  
once ived  t o  have  i n f l u e n c e  i n  such  coal P r e p a r a t i o n  p r o c e s s e s  as  f r o t h  f l c t a t i o n ,  
l c c c u l a t i o n  and agg lomera t ion  a s  a p p l i e d  t o  s o l i d - f l u i d  s e p a r a t i o n s ,  and ill t h e  con- 
r o l  cf wate r  q u a l i t y  i n  t h e  p r e p a r a t i o n  p l a n t  as w e l l  as f o r  subsequen t  d i s c h a r g e .  
he changes which occur  i n  t h e  c o a l  i t s e l f  may have  some e f f e c t  upon i t s  u t i l i z a t i o n  
n s p e c i f i c  i n s t a n c e s  o r  upoli i t s  handl in ;  i n  c c l d  wea the r .  

I t  does  not' seem t o  b e  u n r e a l i s t i c  t o  seek a n  iiiiprovement i n  wa te r  q u a l i t y  
-ran such  a phenomena d e s p i t e  t h e  o c c u r r e ~ i c e  oT 2 ,y r i t e s  in c o a l  s t r a t a  and t h e  r o l e  
J y r i t e s  pray i n  t!ie o r i g i n  of p o l l u t a n t s  i n  coa l  n i n s  d r a i n a g e .  a n t i i r a c i t e  c o a l  i s  
u c c e s s f u l l y  used  as  a Zil ter  media and may have  c i - i a r a c t e r i s t i c s  of  molecu la r  s i e v e s ( $  

> u l f o n a t e d  b i tuminous  c c a l s  have i o n  exciiange p r o p e r t i z s  (3)  e Some c o a l s  w i l l  r e a c t  
d i t h  . s u l f u r i c  a c i d  under  m i l d  c o n d i t i o n s ( & ) .  
:>) and c o a l  a s i ( 6 ) ,  which a r e  c l a imed  t o  'De z f i e c t i v e  i n  c r e a t i n g  f l o c c u l a t i o n  i n  
i a t e r  t r e a t m e n t  p r o c e s s e s .  Xesearcii i s  curre,ir : ly i n  p r o g r e s s  c o n s i d e r i n g  t h e  u s e  o f  
~ 2 1  t o r  a n  a b s o r b e a t - t y p e  of  r e s p o u s e  t o  remc17.e o r g a n i c  con taminan t s  i-rorn sewage 

- i f l u e n t s ( 7 , 8 , ' ? ) .  :;?me improvement i n  wa te r  q u a l i t y  i s  i n d i c a t e d  wnere m i l l e  wa te r  
ias  been  used  a s  makeup wa te r  i n  c o a l  p r e p a r a t i o n  p l a n t s ( i . 0 ) .  

When water and c o a l  come i n  c o n t a c t ,  changes occur  
Tile da ta  developed  a r e  

Coagulants  have  beeLi p repa red  from c o a l  

P r e l i m i n a r y  s t u d i e s  e s t a b l i s h e d  t h a t  c o a l s  w i l l  r e a c t  w i t h  c o a l  mine d r a i n -  
3 ( r e  t o  i n c r e a s e  pX, d e c r e a s e  a c i d i t y ,  and remove i r o n .  The e x t e n t  o f  t h e  phenomena 
gas found t o  v a r y  w i d e l y ,  a l t h o u g h  some r e s p o n s e  w a s  measured ii- ,  eacii or' a number of 
i i f f e r e i i t  c o a l s  o r  v a r y i n g  rank  and o r i g i n  wiiicii v e r e  examined. The flnta p r e s e n t e d  
,In t h i s  d i s c u s s i o n  r e s u l t  irom an  a t t e m p i  t o  e x p l a i n  t h e  n a t u r e  of t h i s  observed  res- 
Allse a s  a b a s e  t o  opLiciize t h e  e f f e c t .  

L n e  s t u d i e s  d e s c r i b e d  were c a r r i e d  o u t  o n  a rui,-of-mine sample  o f  a P i t t s -  
-:ur!iii seam, iiigii v o l a t i l e  Li tuminous  c o a l  o r i g i n a t i n g ,  i n  Southwescern  Pennsy lvan ia .  
(Lie p a r t i c l e  s i z e  c f  t h e  c o a l  employed was v a r i e d ,  a l t n o u g h  most o f  t h e  s t u d i e s  were 
latie w i t h  Lne m i n u s  2C.G m e s i i  l r a c t i o i i  s i r i ce  i t  vias found t o  b e  t h e  most r e a c t i v e .  

i . imi ted  d a t a  were measured u s i n g  v a r i o u s  s p e c i f i c  Lrax-ity f r a c t i o n s  o i  tile c o a l .  

V'  

w a t e r s  c o n s i d e r e d  were: ; res . : ly -boi ied ,  a i s L i i l c d  w a t e r ;  a mun ic ipa l  r ap  w a t e r ;  
.&l;> 8.: . s u l i r u r i c  zcic!; CIKI s y n t h e t i c  c o a i  i:iiii,? r i ra inage  s o ~ u l i o i l s  coiitai.,iiiL S U I -  

. u r i c  a c i d  - one w i L , ?  ici-:ous i r c . , ,  LI .e  cL;.c;' i i i , . .  ~ e r r i c  i ro , i ;  aiid l i a tu ra l ly -occur -  

.i,,- coaj. mi.ie cii.ai.;a,,e i ; ~  wLiic;i a i l  t o e  iron p r c s e n t  was i : I  Liie i e r r i c  ioi-m. 

loa1  i r a c t i o n  i n  LLL' mi c ;  a -i-.e.L waier  >:or i c  i ; i iautes a t  room t empera tu re .  Tile 
L y r ' i ) :  was f i l ~ e r z c i .  
;o ived  s o l i d s ,  ac i c l i c j . - . n ina l i ; i i t y ,  c a l c i u n ,  s u i i ~ t e ,  and i n  some c a s e s  i e r r o u s  at:d 
: e r r i c  i r o n .  T;ie rclsiciue from t h e  d i s s o l \ . e d  s o ~ i i j .  clefcrmiuatio:xs a s  weli a s  t h e  
!si1 of  rile o r i b i n a i  S;IU r e a c t e d  c o a l s ,  were ana lyzed  for s i l i c a ,  a l u m i : i a ,  i r o n ,  
;odium, and po ta s s ium by spectroc!iemical [ J ~ O C  

4cr-c r e a c t , i o n  t i n e  and c o a l  c o n c e u t r a t i o n .  

;) 
I5lt;iough there i s  no; a <:'.eat d i f i e r e n c e  i n  t h e  l e v e l  of S O i u b i r  

h a t e r i a l  'netwee:, ';;;e L j U  by 2UO mesh f r a c L i o n  and t h e  minus 2GO m e s t i  Z r a c t i o n ,  a much 
iCT.,er s o l ~ b i i i : y  e x i s t e d  ir. tile Larger  s i z e  f r a c t i o n s .  

, l'ile : ) a s i c  z x p c r i n e n t a l  d a t a  were  a c q u i r e u  b) a;;ii-atirig 1 b  grams o i ~  t h e  

T;ie o r i g i n a l  w a t e r . a n d  t i le L i l t r a t e  wera ai1aLj;zed ;or pH, d i s -  

res. The main v a r i a b l e s  c o n s i d e r e d  

T h e  e;';Lucni: lrom d i s t i l l e d  wa te r  :lac! iiex-eloped a pii i:: excess  of 8 (Tab le  
and a c q u i r e d  s " S s t a , i t i a i  c o n c e n t r a t i o n s  of  d i s s o l v e d  s o l i d s  i i l C l d i . : i &  Calcium, 

and s u l f a t e .  

T h i s  is u;iuoillteui;. c e i a t e d  
I 

b P r e s e n t  a d d r e s s :  Ke2:liCGtt Copper Compa.i)., ;aiL Lake C i t y ,  Utah. 
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t o  t h e  more h i g h l y  l i b e r a t e d  mine ra l  p a r t i c l e s  i n -  t h e  smaller s i z e s  a l though  they d id  
have a h i g h e r  a s h  con ten t .  The p r e s e n c e  of  s o l u b l e  i o n s  i n  t h e  t a p ' w a t e r  r e s u l t e d  i n  
a s o l u t i o n  which was lower i n  pX, d i s s o l v e d  s o l i d s  ( i n c l u d i n g  ca lc ium and s u l f a t e  con- 
c e n t r a t i o n s ) ,  S u L  n ighe r  i n  a l k a l i n i t y .  
s o l i d s  f o r  t h e  minus 200 mesh f r a c t i o n s  i s  desc r ibed  i n  Tab le  2 a long  wi th  t h e  ana lyse  
of  t h e  a s h  of t h e  o r i g i n a l  c o a l  and t h a t  of t h e  r e s i d u a l  coa l  ash. 

These d a t a  show t h a t  v a r i o u s  s o l u b l e  mi:ierals a r e  l eached  from ' t h e  coa l ,  p r e  
sumably from the  d i s s o l u t i o n  of ca l c ium s u l f a t e  o r  gypsum. T h i s  ca lc ium s u l f a t e  l e a c h  
ed from t h e  coa l  r e p r e s e n t e d  56 p e r c e n t  o f  t h e  t o t a l  s o l u b l e s  w i t h  d i s t i i i e d  water. 
These c o n c e n t r a t i o n s  i n d i c a t e  t h e  leached  l i q u o r  Lo b e  e s s e n t i a l l y  s a t u r a t e d  with re- 
s p e c t  t o  ca lc ium s u l f a t e .  There  i s  some s u l c a t e  ions  i n  excess  of t h a t  s to i ch iomet r i -  
c a l l y  r e l a t e d  t o  t h e  ca l c ium s u l f a t e  p r e s e n t .  S ince  sodium i s  t h e  on ly  o t h e r  ion s o l u  
b i l i z e d  t o  any s i g n i c i c a n t  e x t e n t ,  a t  least p a r t  o f  t h e  sodium i s  assumed t o  have been 
a s s o c i a t e d  w i t h  t h e  excess  s u l f a t e  ion .  There  i s ,however ,  i n s u f f i c i e n t  s u l f a t e  t o  r e -  
l a t e  t o  t h e  t o t a l  ca lc ium and sodium ions  p r e s e n t .  The observed  pH s u g g e s t s  t hese  
c a t i o n s  are p r e s e n t  p r i m a r i l y  as s a l t s  r a t h e r  t h a n  a s s o c i a t e d  w i t h  f r e e  hydroxyl ions .  
There  is no s i g n i f i c a n t  amount of i r o n  s o l u b i l i z e d  from t h e  c o a l .  The amount of p o t a s  
sium s o l u b i l i z e d  i s  small i n  r e s p e c t  t o  t h e  sodium, d e s p i t e  t h e  occur rence  i n  nea r ly  
equa l  amounts i n  t h e  o r i g i n a l  c o a l .  

The ca lc ium and s u l f a t e  found i n  s o l u t i o n  from t h e  d i s t i l l e d  water-minus 200 
mesh c o a l  t es t  achieved  an  o v e r a l l  c o n c e n t r a t i o n  of  102 p a r t s  pe r  m i l l i o n  calcium s u l -  
f a t e  from each  gram of  coa l .  The ca lc ium s o l u b i l i z e d  cor responds  t o  29.8 percent of 
t h a t  a v a i l a b l e  i n  t h e  o r i g i n a l  c o a l - f r a c t i o n .  The r e l a t i v e  amount of  sodium from t h e  
coa l  which w a s  s o l u b i l i z e d  i s  even h ighe r  - 70 p e r c e n t .  It seems p robab le  t h a t  most 
of t h e  remaining ca l c ium i n  t h e  c o a l  is  p r e s e n t  as ca lc ium ca rbona te .  The 0.87 per -  
c e n t  carbon d i o x i d e  p r e s e n t  i n  t h e  o r i g i n a l  minus 200 mesh c o a l  f r a c t i o n  would co r re s -  
pond t o  0.1960 grams of  ca l c ium c a r b o n a t e  i n  t h e  10  grams coa l  system s t u d i e d .  The 
ca lc ium found i n  t h e  o r i g i n a l  c o a l  sample bu t  n o t  s o l u b i l i z e d ,  would correspond t o  
0.1955 grams of ca l c ium c a r b o n a t e  showing a r easonab ly  a c c e p t a b l e  ba l ance .  The so lu -  
b i l i z a t i o n  o f  ca lc ium and sodium is i n  agreement wi th  a s h  a n a l y s e s  of t h e  o r i g i n a l  a n d  
r e s i d u a l  c o a l .  

i n  t h e  water q u a l i t y  a s  d e t a i l e d  i n  Tab le  1. D e f i n i t e  r e a c t i o n s  hsd occur red  beyond 
t h e  l e a c h i n g  of t h e  s o l u b l e  sa l t s  a s  observed  w i t h  d i s t i l l e d  and w i t h  t ap  water. 
:Iere a l s o  t h e  l e v e l  of r e a c t i v i t y  was less f o r  t h e  l a r g e r  s i z e s  a l though  t h e  1 /4- inch  
?)y 4 s  mesh s i z e  c o a l  i r a c t i o n  ach ieved  a d i s s o l v e d  s o l i d s  l e v e l  of 910 mg/l, almost 
500 p e r c e n t  o f  t h a t  obse rved  t o  b e  s o l u b l e  i n  d i s t i l l e d  water. 
change i n  t h e  water  q u a l i t y  f o r  t h e  purposes  under c o n s i d e r a t i o n  was t h e  change i n  
plb, go ing  from 2.72  t o  a v a l u e  of 6.15. The  a c i d i t y  l e v e l  of  t h e  s o l u t i o n  dropped 
from 705 f o r  t h e  o r i g i n a l  s u l f u r i c  a c i d  t o  14 ppni CaCO a f t e r  t h e  c o a l  r eac t ion .  

I n  comparing t!ie a c i d  r e a c t i o n  w i t h  c o a l  s o l u b i l i t i e s  found i n  d i s t i l l e d  
v o t e r ,  t h e  d i s s o l v e d  s o l i d s  i n c r e a s e d  by 457 mZ/1 o r  by 25 p e r c e n t .  The s o l u b l e  
s u i f a t e  c o n c e n t r a t i o n  i n c r e a s e d  548 mg/l o r  n e a r l y  75 pe rcen t  over  t h e  su lEur i c  a c i d ;  
I tomver,  t h e  s u l f a t e  c o n c e n t r a t i o n  w a s  a c t u a l l y  less  by 252 ppm than  t n a t  s o l u b i l i z e d  
1:y t h e  d i s t i l l e d  water p l u s  t h a t  con ta ined  i n  Che s u l f u r i c  a c i d .  The a c i d i t y  decreas-  
ed by 631 ppm CaC03 o r  98.1 p e r c e n t  o f  t h a t  p r e s e n t .  I f  one c o n s i d e r s  Lhz 4 3  ppm 
a l k a l i n i t y  developed i n  t h e  d i s t i l l e d  water t e s t  t o  b e  r e l a t e d  p r i m a r i l y  w i t h  the  
s o l u b i l i z e d  sodium ion ,  t h u s  i n  t h e  c o a l - s u l f u r i c  a c i d  r e a c t i o n  646 ppm CaCO a c i d i t y  
o r  9& p e r c e n t  m u s t  be r e l a t e d  t o  r e a c t i o n  wi th  c a l c i t e  o r  wi th  t h e  c o a l  subs%ance. 
The ca l c ium found i n  t h e  ' e f f l u e n t  i nc reased  by 425 ppm ( a s  CaO) o r  756 ppm (as  CaCO 
ol'cr t h a t  s o l u b i l i z e d  w i t h  d i s t i l l e d  water. There  appea r s  t o  b e  d i s t i n c t  evidence 1 
tiiai: a n a j o r  change i n  an a c i d  water q u a l i t y  is  r e l a t e d  t o  c a l c i u m  ca rbona te  minera ls  
i n  t h e  r a v  c o a l  an?, t h a t  l i t t l e  i f  any a s s o c i a t i o n  can  b e  r e l a t e d  t o  t h e  organic  c o a l  
phases .  

a c i d ,  n a j o r  changes were a l s o  observed  i n c l u d i n g  an  i n c r e a s e  i n  pH, a decrease  i n  
a c i d i t y ,  a s l i g h t  dec rease  in t o t a l  d i s s o l v e d  s o l i d s ,  and an  i n c r e a s e  i n  t h e  ca l c ium 
. s u l f a t e  c o n c e n t r a t i o n s  i n  t h e  s o l u t i o n s .  
v i t h  f e r r o u s  ion, on ly  a v e r y  small pe rcen tage  of t h e  i r o n  w a s  ox id i zed  o r  removed. 

A more d e t a i l e d  ana lyses  of t h e  d i s so lved  

: / i t h  t h e  0.0193 N s u l f u r i c  a c i d  r e a c t i o n ,  r a t h e r  d r a s t i c  changes r e s u l t e d  

The most s i g n i f i c a n t  ) 

3 .  

r I n  tes t .s  w i t h  t h e  s y n t h e t i c  s o l u t i o n s  c o n t a i n i n g  i r o n  a s  well es s u l f u r i c  

In t h e  experiment which d e a l t  predominantly 



TABLZ 1 
ANALYS3S CF T E  EFFLUENTS FROM XZACTICN CF PITTSBURGH S Z A M  CCAL 

I roO 

SO = . CaO Fe-lL Fe+3 T o t a l  
Coal S i z e  9 i s s o l v e d  A l k a l -  

YH Change S o l i d s  i n i t y  4 
' a s sed  Re ta ined  I n i t i a l  Final m d l  m CaCO ppm ppm ppm ppm ppm 

* /4" 46 mesh 7.3 8.50 142. 71.0 41. 15. - - - 
- 

B o i l e d  D i s t y T l e d  IJa2er 

150 m 200 m 7.3 8.05 1562. e4.0 583. 350. - - - 
>OO m 7.3 8.10 1818. 42.6 800. 425. - - - - 

Tap Water - With l l inus 200 Mesh Coal 

' r i g i n a l  Solution 8.21  - 170 . 195. 119. 90. - - - 
' roduct  E f f l u e n t  8.21 7.68 1650. 107. 462. 320. - - - 

0.0193 N SULFURIC A C I D  - lJITII blIiWS 200 MESH CCAL 
- r i g i n a l  S o l u t i o n  2.72 - - 7c5. * 735. 3. - - - 
' r educ t  3 i f l u e n t  2.72 6.15 3010 14." 1283. 850. - - - 

Ter rous  S y n t h e t i c  Solutio>- - -!it:) Elinus 2OG Mesh Coal 
r i g i n a l  j o l u t i o n  2.9? - 3260. 169C." 1765. 5. 446. 0. 446. 

' roduct  : f f l u e n t  2.2'2 5.05 4170. :: 76 . ;': 1890. 473. 403. 3. 406. 

F e r r i c  S y n t h e t i c  S o l u t i o n  - J i t h  Ninus 200 Mesh Coal 
- r i g i n a l  S o l u t i o n  2.91 - 3260. lb9C.a  1765. 5. 0. 446. 446. 
' roduct  { f f l u e n t  2.91 5.65 3500. 623." 2GE2. 1060. 14. 2. 16. 

Sample 

{ r i g i n a l  Coal Ash;': 
: e s idua l  Coal A s h  
r r o n  d i s t .  water 
, e s i d u a l  Coal A s h  
i-om t a p  wa te r  

) i s s o l v e d  s o l i d s  
n d i s t .  wa te r  

3oal Ash from 
' e r r o u s  Soln .  T e s t  
'oal Ash from 
' e r r i c  S o i n .  Test 

:!eight 
7, A s h  

23.24 

21.52 

22.04 

- 
21.98 

21.81 

x s.y2 - -  
3.88 4 2 .  

3.5e 42. 

3.76 42. 

- 1 . 2  

3.83 44. 

3.78 45. 

A.1 0 N=G C a O  

1 7 . 1  1.2 6.5 
. 3 3  i 10 . =I ,i - - -  

lL.1 1.16 5.2 

1 7 . 6  1.00 5 .1  

C.6 0.90 26.2 

12.6 1.1c 3 . 7 .  

17.9 1.05 2.8 

Fe703 Na20 K 2 0  

18.0 2.15 1 .73  

17.6 0.71 1.61 

17.3 0.82 1.68 

0.4 21.0 0.36 

1 9 . 3  0.82 1.68 

20.8 0.63 1.68 

% -  % L 

2 . C r i g i n a l  Coal c o n t a i n s  0.87% CO 
)5 Coal a n a l y s i s ,  no t  on a s h  
, il 

I .  



However, i n  t h e  s y n t h e t i c  s o l u t i o n  which was n i l  f e r r i c  i r o n ,  n e a r l y  a l l  o f  t h e  i r o n  
v a s  removed. Most of t h e  r e s i d u a l  i r o n  i n  the  l e r r i c  e f f l u e n t  was pr.esent as f e r r o u s  
ion.  It is  not  obvious whether  t h i s  s m a l l  f e r r o c s  c o n c e n t r a t i o n  d e t e c t e d  r e s u l t e d  
from a s o l u b i l i z a t i o n  of a f e r r o u s  minera l  i n  t h e  c o a l  o r  a r e d u c t i o n  of some f e r r i c  
i r o n  i n  s o l u t i o n .  Thus, i f  t h e  i r o n  is t o  b e  removed, i t  must b e  oxid ized  t o  t h e  
f e r r i c  s t a t e  p r i o r  t o  o r  d u r i n g  t h e  c o a l  r e a c t i o n .  It  should be noted t h a t  the  a i r  
o x i d a t i o n  of f e r r o u s  t o  f e r r i c  i r o n  proceeds r a p i d l y  under pH c o n d i t i o n s  which w i l l  
a l l o w  the  p r e c i p i t a t i o n  o f  f e r r i c  hydroxide.  Thus i t  i s  assumed t h a t  t h e  almost com- 
p l e t e  removal of  i r o n  from the tes t  s o l u t i o n  r e s u l t e d  from t h e  p r e c i p i t a t i o n  of f e r r i c  
hydroxide which remained w i t h  t h e  c o a l  upon s o l i d - f l u i d  s e p a r a t i o n .  This  i s  conf irnied 
by t h e  i n c r e a s e  i n  i r o n  c o n t e n t  i n  t h e  r e s i d u a l  coa l  ash.  

The r e s u l t s  of s t u d i e s  made u t i l i z i n g  n n a t u r a l l y - o c c u r r i n g  coa l  mine drain-  
age sample are shor~n i n  F i g u r e  1. The p l o t  i l l u s t r a t e s  t h e  a c t u a l  r e d u c t i o n  c f  a c i d i t 3  
i r o n  c o n c e n t r a t i o n s  and i n c r e a s e  i n  pH of t h e  f i l t r a t a  as a ' funct ion of time. The 
r e a c t i o n s  obviously occurred  very  r a p i d l y .  The cont inuing  slower r e a c t i o n  can b e  r e -  
l a t e d  tc t h e  s u b s t a n t i a l l y  decreased  r e a c t a n t  c o n c e n t r a t i o n s  and t o  v a r i o u s  physical  
phenomena which would ass is t  i n  f a v o r i n g  a cont inuing  r e a c t i o n .  I n  a d d i t i o n ,  t h i s  
dra inage  sample conta ined  3700 mg/l d i sso lved  s o l i d s ,  2130 ppm s u l f a t e ,  22s ppm CaC, 
and  115 ppm MgG. A l l  t h e  i r o n  was present  i n  t h e  f e r r i c  s t a t e .  A f t e r  r e a c t i o n  f o r  
60 minutes ,  t h e  d i s s o l v e d  s o l i d s  had increased  t o  4480 ppm (26 p e r c e n t ) ,  t h e  s u l f a t e  
t o  2221 ppm (4  p e r c e n t ) ,  and t h e  calciurti t o  1G90 ppm (380 percent ) .  The r e l a t i v e  
completeness  o f  t h e s e  r e a c t i o n s  and t h e  e x t e n t  to which they might b e  expected t o  pro- 
ceed i s  shown i n  F igure  2 i n  which t h e  c o a l  sample which had been al lowed t o  r e a c t  
w i t h  t h e  coa l  mine d r a i n a g e  f o r  60 minutes was f i l t e r e d ,  d r i e d  i n  a i r  f o r  2C hours, 
a n d . r e t r e a t e d  f o r  10 minutes  w i t h  a n o t h e r  s a n p l c  of t h e  coa l  m i n e  drainage.  This  
procedure vas repea ted  t h r e e  times a f t e r  which t h e  coal response was n e g l i g i b l e .  An 
a d d i t i o n a l  s e r i e s  of t es t s  were c a r r i e d  o u t  i n  which t h e  c o a l  concent ra t ion  was v a r i -  
ed. The r e s u l t s  o f  t h e s e  r e a c t i o n s  are  shown i n  F igure  3.  The d a t a  developed from 
t h e  v a r i o u s  g r a v i t y  f r a c t i o n s  of t h i s  c o a l  with c o a l  mine dra inage  e s t a b l i s h e d  t h a t  
a much h igher  l e v e l  of  r e a c t i v i t y  r e s u l t e d  frc:n t h e  most dense mineral-containing 
f r a c t i o n  and t h a t  a n e g l i g i b l e  r e a c t i o n  occurrcd w i t h  t h e  l o w  g r a v i t y ,  low mineral 
c o n t e n t  f r a c t i o n s .  

These d a t a  show t h a t  v a r i o u s  s o l u b l e  minera ls  a r e  leached f r o n  coa l  includ-  
i n g  ca lc ium s u l f a t e  and some a l k a l i n e  materials (sodium) wi th  water which can change 
t h e  water q u a l i t y .  The response  found, ?va lua ted  and d iscussed  here  can r e s u l t  i n  an 
improvement i n  water q u a l i t y  as r e g a r d s  t h e  m o s t  s e r i o u s  c o a l  mine dra inage  p o l l u t a n t ?  5 
pi{, a c i d i t y ,  and i r o n  c o n t e n t s .  It does l e a v e  t h e  water w i t h  a l a r g e  dissolved s a l t  
c o n t e n t s  ( p r i m a r i l y  ca lc ium and s u l f a t e  i o n s ) ,  which can b e  d e t r i m e n t a l  i n  some s i t u -  
a t i o n s .  The r e a c t i o n  found was r e l a t e d  p r i m a r i l y  t o  t h e  calcium carbonate  content  o f  
t!ie raw c o a l  and t o  i t s  degree  OF l i b e r a t i o n .  Consequently any p r a c t i c a l  a p p l i c a t i o n  
i n p l i e d  from t h e s e  r e s u l t s  w i l l  v a r y  w i t h  t h e  i n d i v i d u a l  c o a l  and can l i m i t  i t s  s i g n i -  
f i c a n c e  - e s p e c i a l l y  due t o  t h e  l a r g e  amounts of c o a l  r e q u i r e d  t o  t r ea t  a sivel1 volume 
of water .  Commercial p l a n t  a p p l i c a t i o n  has been c a r r i e d  o u t  and found t o  b e  p rac t ica l (  
However, i n  t h e  c o u r s e  of t h e s e  s t u d i e s ,  o t h e r  phenomena more r e l a t e d  t o  those Origin-  
a l l y  sought ,  were cbserved  which show p o t e n t i a l  of much more , s i g n i f i c a n t  e f f e c t s .  
Fur ther  r e s e a r c h  is  be ing  pursued.  

Acknowledgement 

The authors e x p r e s s  a p p r e c i a t i o n  t o  The Penvsylvania  Coal Zesearch Board , 
f o r  t h e  f i n a n c i a l  suppor t  o f  t h e s e  s t u d i e s  which were i n i t i a t e d  i n  the F a l l  of 1963,\  
and t o  t h e  Ccnsol ida t ion  Coal Company f o r  t h e  c o a l  samples s t u d i e d .  

References 

1. L o v e l l ,  H. L. and F,. D. Reese,"A Study of t h e  React ions Between Coal and Coal 
' 

Mine Drainage," SZ No. 54, The Pennsylvania  S t a t e  Univers i ty  and The Pennsylvania 
Coal Research Eoard,  (1965).  



2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

< 

, 

)# 

\ 

0 

I 

il' 

, 
1 
4 

I I 

4 

"Anth ra f i l t ,  Hard Coal F i l t e r  Medium," Brochure of  Palmer F i l t e r  Equipment Company, 
E r i e ,  Pa. (1965). 
Broderick,  S. J. and D. Bogard, "Carbonaceous Cation Exchangers from Coal and Coal 
Refuse," Report of Inves t iga t ions  3559, United S t a t e s  Bureau of Mines, (1941). 
Thomas M. P. and C. R. Kinney, "Su l fu r i c  Acid i n  E luc ida t ion  of Coal S t ruc tu re , "  
I n d u s t r i a l  Engineering Chemistry 55, 11, 30-34 (1963). 
f i g i l l ,  R. P. "Composition For Trea t ing  Aqueous F lu ids ,"  U. S. Pa t en t  No. 2,251, 
748, (1941). 
Ganczarczk, J., "The P repa ra t ion  of  Coagulants from Ashes of Cer t a in  Coals," 
P o l i t e c h  Slaska Zaklad Badan Wodi Kana1 Poland Gas, Wodi Tech. San i t .  27, 292- 
294, (1953). 
Lovel l ,  H. L., "The Appl ica t ion  of Mineral P repa ra t ion  Concepts i n  Water Benef ic i -  
a t i o n , "  Mineral I n d u s t r i e s  34, 2, 1-8 (November, 1964), The Pennsylvania S t a t e  
Univ. 
Johnson, G. E., L. M. Kunka and J. H. F i e ld ,  "Use of  Coal and Fly Ash as Absorbents 
f o r  Removing Crganic Contaminants from Secondary Municipal E f f l u e n t s ,  American 
Chemical Soc ie ty ,  Div is ion  of  Water and Waste Chemistry, 148th Nat iona l  Meeting,(l964) 
Raynes, R. C., "Coal Used i n  Sewage Treatment, ' '  N e w s  r e l e a s e  of  United S t a t e s  
Department of I n t e r i o r ,  June 28, 1965. 
Lovel l ,  H. L. ,  I n t e r im  Progress  Report No 16 ,  The Pennsylvania Coal Research Board 
by The Pennsylvania S t a t e  Univers i ty ,  (January 1965). 

CONCENTRATION 10 GRAMS OF COAL/ lOOML 
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Figure 1 
CHANGE OF WATER QUALITY WITH TIME 
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