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ABSTRACT 

The mine dra inages  i n  some coa l  mines of North Eas tern  India ,  a r e  found 
t o  be  h igh ly  a c i d i c  and conta in  t r a c e  elements which a r e  h ighly  undesir-  
a b l e  f o r  dr inking  purposes.  This water  r equ i r e s  n e u t r a l i z a t i o n  toge ther  
with t r a c e  metal removal p r i o r  t o  i t s  supply t o  t h e  publ ic .  

This paper de sc r i be s  t h e  r e s u l t s  of a study conducted t o  determine the  
a b i l i t y  of l ime n e u t r a l i z a t i o n  t o  remove inorganic t r a c e  elements from 
ac id  mine drainage under d i f f e r e n t  opera t ing  condi t ions .  The spcc i f  icd 
t r a c e  elements were a r s en i c ,  cadmium, chromium, copper, mercury, lead ,  
z inc ,  manganese, aluminium, i r on  and n i cke l  e t c .  Resul t s  of t h i s  s111cly 
i n d i c a t e  t h a t  t rea tment  by l ime n e u t r a l i z a t i o n  was very e f f e c t i v e  i n  
removing t he se  t r a c e  metals  from a c i d  mine drainage.  

INTRODUCTION 

One of t h e  most troublesome mine drainage problems i n  some of tlrl, Nori l~ 
Eas tern  Coal Mines of India  i s  caused by a c i d i t y .  The occurrence. ()I' 
a c i d i c  dra inages  assoc ia ted  wi th  t he se  mines has  been well  s tud  icd [ 1-') I . 
Acid mine dra inage  o f f e r s  favourable  medium f o r  ex is tence  of t ril(.cb I I I I * ~  ;I  I : I  

such a s  Fe, Ca, Mg, A l ,  Mn, Cu, Zn, Pb e t c . ,  which a r e  a c id  solul) lc :11rt1 

a r e  leached from coa l  and a s soc i a t ed  s t r a t a  during mining ope ra t i ous .  
Water of t h i s  type  supports  only l im i t ed  water-f lora,  such a s  a c i d  
t o l e r a n t  molds and a lgae ;  it w i l l  no t  support  f i s h  l i f e ,  des t roy  r~riuin): 
equipment, i nc r ea se s  t h e  cos t  of water treatment f o r  var ious  water 
supp l i e s  and leaves  t h e  water unacceptable f o r  dr inking  and r c c r c a t i c ) ~ ~ i ~ l  
purposes . 
Environmental degradation caused by t he se  a c i d i c ,  i ron  r i c h  e f r l ucn t  
drainages has  requi red  assiduous e f f o r t s  t o  f i nd  cost-ef f ec t i v c  atmt c.lnc~11t 
and t rea tment  methods. The most commonly used method f o r  t r e a t i n g  ;rcicl- 
mine dra inage  and removing t r a c e  (heavy) metals  i s  n e u t r a l i z a t i o n .  A 
t yp i ca l  system would inc lude  adding an a l k a l i n e  reagent mixing, : ~ t ~ t - ; r t  in): 
and removing t h e  p r e c i p i t a t e .  Alka l ine  reagents  t h a t  may be  usccl arcn 
NH3? Na C03, NaOH, lime and l imestone.  I n  most cases  lime i s  t~sccl I)l.t.:111:it8 
of i t s  fower cos t  and higher r e a c t i v i t y  i n  conjunction with ~ I I O  of l rc.1 i "18 

removal of t r a c e  metals  from ac id  mine dra inages  [ 6 ] .  



The purpose of t h i s  i nves t i ga t i on  i s  t o  determine t h e  e f f ec t i venes s  of 
lime n e u t r a l i z a t i o n  of a c id  mine drainage i n  removing t r a c e  metals .  

EXPERIMENTAL PROGRAM 

Col lec t ion  and Chemical ~ n a l y s i s  of Mine Water Samples 

Acid mine water samples from var ious  sumps were co l l e c t ed  from Ledo 
(Tirap) and 3eypore c o l l i e r i e s  where severe condi t ions  e x i s t .  

The pH of mine water was measured with a p h i l i p s  pH meter. Standard 
methods were employed f o r  es t imat ion  of va r i ous  c o n s t i t u e n t s  i n  mine 
water  samples [ 7 ] .  The q u a n t i t a t i v e  ana ly s i s  of t r a c e  elements were 
done by using Atomic Absorption Spectrophotometer SP 1900 Pye Unicam. 
For each element a c a l i b r a t i o n  curve i s  drawn by tak ing  s tandard  
so lu t i on  f o r  comparison with t he  unknown samples. Di lu t ion  has  been 
done wherever necessary  i n  c a se  of samples. 

Lime Neu t r a l i z a t i on  Studies  

Samples of a c id  mine water  were neu t r a l i z ed  wi th  lime and a g i t a t e d  f o r  
10 minutes. Then t he  samples were allowed t o  s e t  undisturbed and t h e  
supernatant  pHs were pe r i od i ca l l y  recorded.  

Af ter  completion of t h e  r e ac t i on ,  t he  standard procedure of analyzing 
samples a s  described above, was adopted a f t e r  24 hours,  i n  t h e  f i l t e r e d  
neu t r a l i z ed  samples. 

RESULTS AND DISCUSSION 

Background of Problem 

It i s  genera l ly  recognized t h a t  t h e  oxida t ion  of iron-disulphides occurring 
e i t h e r  a s  p y r i t e  o r  marcas i te  i n  coa l  and a s soc i a t ed  s t r a t a ,  t o  hydrous ' 

f e r rous  su lphates  and t h e  subsequent hydrolys is  of t he se  compounds i s  
t he  cause of a c i d i t y  found i n  a c id  mine drainages i n  most coa l  mining 
a r ea s .  Under t h e  inf luence  of b a c t e r i a l  a c t i v i t y  ( i r on  and sulphur 
b a c t e r i a )  i n  a c i d  mine dra inages ,  t he  f e r rous  (Fe++ i s  oxid ised  t o  
f e r r i c  ( ~ e ~ + )  s t a t e ,  which complexes f u r t h e r  t o  form f e r r i c  and f e r rous  
oxyhydroxides i nd i ca t i ng  t he  c h a r a c t e r i s t i c  yellow and red  co lour  of 
a c id  drainages [ 8 ] .  

The genera l  chemical r e ac t i ons  expla in ing  t he  oxida t ion  of p y r i t e  and 
t he  production of a c i d i t y  a r e  given by t h e  following equations : 

The stoichiometry of equations show t h a t  f o r  each mole of i ron  sulphide 
oxid ised ,  f ou r  moles of a c i d  a r e  produced. This r e s u l t s  i n  lowering of 
t h e  pH of water  dra in ing  from t h e  ma te r i a l .  At t h e  lower pH l e v e l s ,  the  



Fig. I . pH change following 1 ime neutralization 
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heavy ( t r a c e )  metals  a r e  more so lub l e  and e n t e r  i n t o  so lu t i on  a s  a  
r e s u l t  of secondary r eac t i ons  between i ron  su lphates ,  s u l ~ h u r i c  a c i d  
and t he  compounds i n  nearby c l ays ,  l imestones,  sandstones,  su lphides ,  
and var ious  organic substances present  i n  mines o r  streams and expla in  
t h e  ex is tence  of Ca, Mg, Na, K ,  Fe, Al, Mn, s i l i c a t e s  e t c .  i n  mine 
drainage.  

Chemistry of Lime Neut ra l iza t ion  

I n  t he  treatment of high f e r r i c  i ron  ac id  mine drainages only n e u t r a l i -  
z a t i ons  i s  involved s ince  t he  system has a l ready  a t t a i n e d  equi l ibr ium 
with respec t  t o  i ron  and f u r t h e r  hard ly  any s i g n i f i c a n t  amount of a c id  
w i l l  be generated during treatment.  For t he  i n f l uen t  water  conta in ing  
f e r r i c  i r on  and su lphur ic  a c id ,  t he  ove ra l l  lime Ca(0H) n e u t r a l i z a t i o n  
r eac t i on  i s  a s  fol lows : 

2 

Most t r a c e  (heavy) elements tend t o  p r e c i p i t a t e  a s  t h e  pH i s  r a i s e d .  
I n  Table 1 t y p i c a l  pH ranges a t  which var ious  metals  w i l l  p r e c i p i t a t e  
a r e  presented.  Metals such a s  Cu, Zn, Fe, A l ,  Mn and Co can be reduced 
t o  low l e v e l s ,  l e s s  than ha l f  mg/l with pH adjustment,  p r e c i p i t a t i o n  and 
s o l i d s  separa t ion  [ 9 ]  . 

Table 1  P r e c i p i t a t i o n  of Trace Elements by pH Control 

* A1 w i l l  become so lub l e  aga in  a t  pH g r e a t e r  than 7.5 

GENERAL DISCUSSIONS 

pH Range 

7.0-8.0 

7.0-8.0 

7.5-8.5 

7.5-9.0 

8.0-9.5 

8.5-9.5 
I 

Ion 

Fe (111) 

A 1  (111) 

Cr (111) 

Pb (11) 

Cu (11) 

Since pH was found t o  vary with time following n e u t r a l i z a t i o n  and a s  
s o l u b i l i t y  of  metal s a l t s  i n  t he  water i s  dependent upon pH, it was 
c r i t i c a l  t o  e s t a b l i s h  a  standard time of a n a l y s i s  fol lowing n e u t r a l i -  
za t ion  with lime. Fig.1 shows t h e  study of pH change following 
n e u t r a l i z a t i o n  which was obtained by neu t r a l i z ed  ac id  mine water a f t e r  
10 minutes.  This i nd i ca t e s  t h a t  t h e  r e ac t i on  was r ap id  and the  pH was 
s t a b i l i z e d  a f t e r  a  ha l f  hour,  thus  t he  r eac t i on  had gone t o  completion. 

The r e a c t i v i t y  of lime was measured by add i t i on  of measured amounts of 
lime t o  s epa ra t e  samples of a c id  mine water ( t e s t s  were run al lowing 
5  minutes r e ac t i on  time between incremental add i t i on  of t h e  n e u t r a l i z i n g  
agen t ) ,  a s  depic ted  i n  Fig.2.  In t h i s  r e ac t i on ,  t he  s teep  s lope  between 
4.0 and pH 8 .0  i s  i n d i c a t i v e  of t h e  q u a n t i t a t i v e  s e n s i t i v i t y  of t he  l ime 

pH Range 

3.5-4.5 

4.5-6.0* 

5.5-6.5 

6.0-7.0 

6.5-7.5 

Ion 

Na ( I )  

Cd (11) 

Hg (11) 

Fe (11) 

Zn (11) 

Mn (11) 



Table 2 Example of Acid Mine Drainages 

Table 3 Maximum Contaminants i n  Drinking Water Allowed 
by Various A u t h o r i t i e s  (mg 1 l i t r e ) .  
I n  paren theses  = ( d e s i r a b l e  maximum) [Refs.  l o ]  

Parameter  
(mg/l) 

PH 
Acid i ty  
Su lpha te  
Hardness 

AS 
C d 
C r  
Cu 
Hg 
Pb 
Zn 
Mn 
A1 
Fe 
F e ( l 1 )  
N i  

Parameter I 

pH 
Sulphate 
Hardness 
(as  CaC03) 
Tota l  d i s s o l v e d  
s o l  i d s  

As 
Cd 
C r  
Cu 
Hg 
Pb 
Zn 
Mn 
A1 
Fe (111) 

, F e ( I 1 )  

Mine Water Samples 

- 
Ledo (Tirap)  

2.7 2.7 2.5 3.1 
20.40 2100 980 1230 
3050 2500 3210 2880 
2300 1800 1130 3300 

1.6 0.4 - - 
1.2 - 0.9 4.8 
6.6 0 .8  10.0 6.5 
0.4 0.7 0.7 - 
0.3 - - - 
1.1 0.7 1.6 0.9 
2.5 1.0 2.4 3.0 
2.4 17.0 12.0 8.2 
2.0 1.9 49 3.6 
350 358 136 670 
5 15.0 5.6 6.5 
3.0 3.6 3.1 3 .5  

EPA (1976) 

6 .0  - 8 .5  
250 

- 

500 

0.05 
0.01 
0.05 
1 . O  
0.002 
0.05 
5 .O 
0.05 
- 

0.3 
0.3 

Jeypore 

1 2 3 4 1 2 3 4 5  

2.9 2.8 2.45 2.3 2.5 
1090 1185 2350 2480 2110 
2420 3100 3110 3030 2956 
2900 3170 2120 1490 1930 

0.4 0.4 - 1.0 0.6 
- - 0.3 4.0 1.6 

11 2.0 0.8 4.6 8.5 
- 0-6 0.9 - 0.3 

0.5 - - 0.2 - 
0 .5  1.2 1.0 0.9 0.9 
1.2 4.6 0.8 1.5 0.8 
8.2 8 .2  1.6 1.2 3.4 
10.5 44 29 56 13 
545 760 388 192 385 
6 60 21.5 11 4.8 
3.1 4.0 N.D. 4.5 6 .0  

WHO (1971) 

6 .0  - 8.5 
400 (200) 

500 (100) 

1500 (500) 

0.05 
0.01 
- 

1.5 (0.05) 
0.001 
0.1 
15 (5)  
0 .5  (0.05) 
- 

1 .  0 . 1  
1 .  0 . 1 )  

USPHS (1962) 
- 

6.0 - 8 .5  
250 

- 

500 

0.05 (0.01) 
0.01 
- 

0.2 (0.01) 
- 

0.05 
5.0 
0.05 
- 

0 .3  
0.3 



r e ac t i on  in  t h i s  po r t i on  of curve.  It i s  obvious t h a t  a  very small 
change i n  t h e  amount of lime added a t  pH 6.0 can e a s i l y  s h i f t  t h e  pH 
one t o  two f u l l  po in t s ,  hence accuracy of feed i s  of v i t a l  importance. 
This was a l s o  noted t h a t  pH can be r a i s ed  t o  any de s i r ed  l e v e l  with t he  
add i t i on  of requisite-amount of l ime.  

Example of t y p i c a l  a c id  mine dra inages  occurring i n  two mines from 
North Eas tern  Coal Mines of India  has  been given i n  Table 2. The 
var ious  physico-chemical c h a r a c t e r i s t i c s  and e spec i a l l y  t r a ced  elements 
contained i n  t h e s e  exceed t he  dr inking  water s tandards  a s  l a i d  down by 
var ious  i n t e rna t i ona l  organisa t ions  [ l o ]  (Table 3 ) .  The e f f ec t i venes s  
of removal of t r a c e  elements by l ime n e u t r a l i z a t i o n  process a t  var ious  
pH's f o r  sample 1 of Table 2 ,  i s  shown in  Table 4 .  The lime neu t r a l -  
i z a t i o n  process  inves t iga ted  t r a c e  element removal e f f ec t i venes s  a s  a  
f unc t i on  of pH. S ign i f i c an t  removals were observed f o r  a l l  elements 
except manganese a t  pH 8 and below, and a  l a r g e  por t ion  of su lphate  
content  was remained i n e f f e c t i v e  i n  t he  r e su l t ed  water .  Coprec ip i ta t ion  
and absorp t ion  of t r a c e  elements with sludge (mainly f e r r i c  hydroxide) 
may be p o s s i b i l i t y  a s  t he  mechanism of removal a t  t h e  h igher  pH's. 

Table 4 Lime Neut ra l iza t ion  Water Quali ty Analysis  

ACKNOWLEDGEMENTS 

Parameter 

PH 
As 
Cd 
Cr 
Cu 
Hg 
Pb 
Zn 
Mn 
A 1  
Fe (111) 
Fe (11) 
Acid i ty  
A lka l i n i t y  , Sulphate 
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Typical  

Sample 1 
(Ledo) 

2.7 
1.6 
1.2 
6.6 
0.40 
0.03 
1.1 
2.5 
2.4 
2 0 
350 
5 
2040 
- 

3050 

Nominal pH of e f f l u e n t  

7 8 9 10 11 12 

7.0 7.9 8.7 10.0 10.9 12.3 
0.1 0.05 0.04 0.02 0.03 0.02 
0.24 0.1 0.08 0.01 0.01 0.01 
0.08 0.08 0.07 0.06 0.05 0.04 
0.3 0.16 0.11 0.05 0.05 0.07 
0.06 0.02 0.01 0.01 0.01 0.01 
0.02 0.04 0.02 0.02 0.02 0.01 
0.9 0.23 0.11 0.07 0.08 0.08 
2.0 1.8 0.21 0.06 0.06 0.05 
0.5 0.33 0.31 0.40 0.40 0.23 
1.2 0.65 0.30 0.35 0.30 0.00 
0.25 - - - - - 
16 - - - - - 
35 36 44 50 90 1220 
3000 2710 2760 2740 2410 2340 
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