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ABSTRACT
Lignite and coal are widely used in all thermal power plants and industrial processes

such as boilers, furnaces etc. Both coal and lignite occurs naturally in the lithosphere and
mining is carried out to extract the lignite and coal. Most of the power plants are situated
either near to the mine or they have their own captive mine. There are several environmental
problems associated with the opencast mining of lignite ranging from air, water and noise
pollution and land degradation. The most important among the above is formation of acid
mine water also known as acid mine drainage (AMD) due to the presence of pyrite in the
lignite/coal. On the other hand lignite and coal consuming power plant generates Fly Ash
(FA) which is a hazardous waste and needs safe disposal. There are several methods for
treatment of acid mine water eg. using calcium carbonate, sodium hydroxide, sodium
bicarbonate or anhydrous ammonia. These chemicals raise the pH to acceptable levels and
decrease the solubility of dissolved metals but the cost of the treatment of acid mine water
is very high as the acid mine water generated is of the order of 300 Kl/Day for 2,000 tones/
day or less production capacity mines. In this research work authors have tried to develop
treatment method of acid mine water using fly ash. The fly ash contains alkalinity in the form
of CaO and the treatment cost can be curtailed as the fly ash is a waste and it also requires
safe disposal and hence needs additional cost. It is observed that fly ash containing CaO in
the range of 10 -12 % can neutralize the acid mine water of pH 2.5 in 30 minutes of reaction
time. For better understanding topics covered are chemistry, treatment methods,
characteristics of acid mine water and fly ash and experimental procedure etc.
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INTRODUCTION
Both acid mine drainage and fly ash

from coal burning power generation pose
substantial environmental and economical
problem for south Africa. The annual national
fly ash generated by electricity generating
companies stands at 27.07 M ton1. Leach ate
from stockpiled fly ash (FA) are highly
siliceous, calcium rich and extremely alkaline

pH>12. Acid mine drainage (AMD) is highly
acidic (pH 2-4), sulpahte rich and frequently
carry a high transition metal and heavy metal
burden. It is produced when ground water
comes in contact with sulphide minerals that
are undergoing oxidation. Fly ash consist of fine,
powder particles that are predominantly
spherical in shape, either solid or hollow. They
are considered to be ferro-alumino silicate made
up of glass spheres of very small particle size
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ranging from 20 to 80 µm with elements Si, Al,
Fe, Ca, K and Na being predominant2,3. Several
techniques have been developed for the
treatment of acid mine drainage which include
lime neutralisation4 and biological sulphate
removal5. Several research studies have also
been carried out on the application of fly ash
for control of acid generation from sulphidic
waste. Recent studies have shown that
treatment of acid mine drainage (AMD) with
fly ash is possible. Moreover in India most of
the power stations are usually located near the
coal mine. Sulphur dioxide which is acidic
produced in the burning of the coal for electricity
may be removed (neutralized) by lime7.

The purpose of the current study was to
know the neutralization capacity of AMD with
fly ash and to establish at what ratio and contact
time maximum removal of contaminant is
achieved.

OBJECTIVES
Quarrying or surface mining or open

cast mining in India is responsible for the
degradation of environment in many ways. Till
recent times the problem caused by quarrying
did not generate country wide interest as
problems were considered as localized and only
small segment of society is affected6.

 The objective of the work is to
 Find out the reactivity of acid mine

water with fly ash.
 Develop the method of neutralization

of acid mine water with fly ash.
 Find out the time required for elevating

the pH of acid mine water to neutral.
  Develop cost effective method of

disposal of fly ash.

MATERIAL AND  METHODS
Three fly ash samples from various

power stations in and around Kutch Distt were
analyzed to establish the chemical
characteristics and chemical composition
investigated and the performance compared

with the lime and limestone used in the industry
for the treatment of AMD.
Acid mine water

Water flowing from or caused by surface
mining, deep mining or coal refuse piles that is
typically highly acidic with elevated levels of
dissolved metals.

The formation of AMD is primarily a
function of the geology, hydrology and mining
technology employed for the mine site. AMD
is formed by a series of complex geo-chemical
and microbial reactions that occur when water
comes in contact with pyrite8 (iron disulfide
minerals) in coal, refuse or the overburden of
a mine operation. The resulting water is usually
high in acidity and dissolved metals. The metals
stay dissolved in solution until the pH raises to
a level where precipitation occurs.
Basic AMD Chemistry

There are four commonly accepted
chemical reactions that represent the chemistry
of pyrite weathering to form AMD7. An overall
summary reaction is as follows:
4FeS2+15O2+14H2O  4Fe(OH)3 + 8H2SO4
Pyrite + Oxygen + WaterFerric Hydroxide + Sul.  Acid

The first reaction in the weathering of
pyrite includes the oxidation of pyrite by
oxygen. Sulfur is oxidized to sulfate and ferrous
ion is released. This reaction generates two
moles of acid for each mole of pyrite
oxidized.
2FeS2 + 7O2 + 2H2O  2Fe2+ + 4SO4

2– + 4H+

Pyrite + Oxygen + Water  Ferrous Ion + Sulfate
+ Hydrogen ion

The second reaction involves the
conversion of ferrous to ferric ion. The
conversion of ferrous to ferric ion consumes
one mole of acidity. Certain bacteria increase
the rate of oxidation from ferrous to ferric ion.
This reaction rate is pH dependant with the
reaction proceeding slowly under acidic
conditions (pH 2-3) with no bacteria present
and several orders of magnitude faster at pH
values near 5. This reaction is referred as the
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“rate determining step” in the overall acid-
generating sequence.
    4Fe2+   + O2 + 4H+  4Fe3+ + 2H2O
Ferrous Ion + Oxygen + Hydrogen ion 

    Ferric Ion + Water
The third reaction which may occur is

the hydrolysis of iron. Hydrolysis is a reaction
which splits the water molecule. Three moles
of acid are generated as a byproduct. Many
metals are capable of undergoing hydrolysis.
The formation of ferric hydroxide precipitate
(solid) is pH dependant. Solid forms if the pH
is above about 3.5 but below pH 3.5 little or no
solid will precipitate.
    4Fe3+ + 12H2O  4Fe(OH)3̄ + 12H+

Ferric Ion + Water  Ferric Hydroxide + Hydrogen ion
The fourth reaction is the oxidation of

additional pyrite by ferric ion. The ferric ion is
generated in reaction steps 1 and 2. This is the
cyclic and self propagating part of the overall
reaction which takes place very rapidly and

continues until either ferric ion or pyrite is
depleted. Note that in this reaction iron is the
oxidizing agent, not oxygen.
   FeS2 + 14Fe3+ + 8H2O  15Fe2+ +

         2SO4
2– + 16H+

    Pyrite + Ferric Ion + Water  Ferrous Ion +
         Sulfate ion + hydrogen ion

Characterization of acid mine water
Raw AMD samples are filtered by using

0.45 µm cellulose nitrate membrane to remove
suspended particles and diluted with water to
get EC <1.5 ms/cm and then stabilized with
HNO3 for elemental analysis. Samples for
anion/cation analysis were filtered by using 0.45
µm cellulose nitrate membrane and kept at 4°
C until analysis. 24 hours experiments were
designed to develop neutralization curve that
would indicate buffer characteristics/regions
and show the contact time required for the
attainment of minimum EC values in the process
water.

S. No. Parameter Result AMD 
Sample-I 

Result AMD 
Sample-I 

Result AMD 
Sample-I 

01. pH 2.5 2.7 2.6 

02. Electrical conductivity (ms/cm) 10.83 10.99 10.02 

03. Acidity (mg/l) CaCO3 4005 4056 4075 

04. Total dissolved solids (mg/l)  12,000 12,750 12,876 

05. Sodium (mg/l) 324 330 333 

06. Mg ( mg/l) 1003 1013 1022 

07. Al (mg/l) 800 810 809 

08. K (mg/l) 23.45 23.56 23.02 

09. Ca ( mg/l)  500.3 495.6 490.3 

10. Fe (mg/l) 4550 4550 4550 

11. Fe2+ (mg/l) 3756.02 3789.3 3801.3 

12. Fe3+ (mg/l) 1450.3 1456.6 1459.0 

13. SO4
2- (mg/l) 11899.3 11860.5 11856.3 

14. NO3- (mg/l) 165.3 166.3 166.5 

 

Table 1 : Characteristics of acid mine water
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Formatiom of fly ash
The lignite based thermal power plants

consumes lignite as a fuel. When the lignite is
burnt. The waste generated by this process is
fly ash it is highly siliceous, calcium rich and
extremely alkaline pH>12. Fly ash consist of
fine powder particles that are predominantly
spherical in shape, either solid or hollow. They

are considered to be ferro-alumino silicate made
up of glass spheres of very small particle size
ranging from 20 to 80 µm with elements Si, Al,
Fe, Ca, K and Na being predominant2,3.
Characterization of Fly Ash

Fly Ash (FA) are highly siliceous,
calcium rich and extremely alkaline pH>12.

Table 2 : Chemical characteristics of fly ash – w.r.t. major elements
S. 

No. 
Parameter Result      

Power Station 
I 

Result        
Power Station 

II 

Result            
Power Station  

III 
01. SiO2 % 22.74 23.12 22.7 

02. R2O3 % 37.60 37.9 36.12 

03. Fe2O3 % 13.33 13.56 13.89 

04. Al2O3 % ( by difference) 17.80 16.0 16.5 

05. TiO3 % 5.44 5.5 5.6 

06. CaO % 10.52 10.6 10.8 

07. MgO % 2.80 2.5 2.5 

08. SO3 % 8.17 8.17 8.5 

09. Na2O3 (ppm) 173 156 189 

10. K2O (ppm) 15.34 15.89 16.02 

11. Chloride % 1.65 1.78 1.96 

12. P2O5 % 0.046 0.056 0.063 

13. MnO % 0.98 1.02 1.05 

Table 3 : Chemical characteristics of fly ash – w.r.t. minor elements
S. No. Trace elements (ppm) Result       

Power Station    
I 

Result       
Power Station  

II 

Result            
Power Station  

III 
01. Cu 47.00 45.0 47.5 
02. Ni 5.30 5.46 5.60 
03. Pb 55.6 55.8 55.8 
04. Sr 1465.2 1645.3 1423.3 
05. Zn 57.8 56.3 58.6 
06. Zr 488.2 489.3 490.3 
07. Co 18.25 18.6 18.9 
08. Cr 180.3 181.2 182.3 
09. V 145.0 145.3 145.6 
10. Ba 930.3 931.0 932.6 
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As from the above it is clear that both
acid mine water and fly ash are waste from
lignite mine and thermal power station and
hence needs to be disposed off safely. (So
many methods are developed till date to treat
the acid mine water eg. lime, lime channel
method etc and for fly ash disposal by land
filling, or raw material in bricks manufacturing
etc. but all these require additional cost for
treatment.) If fly ash can neutralize acid mine
water this additional cost can be saved and both
acid mine water and fly ash can be treated and
disposed off.
Experimental set up

Several techniques have been developed
for the treatment of acid mine drainage which
includes lime neutralization, biological sulphate
removal and ferrite process etc. Power plants
utilizing lignite/coal are also constantly looking
for the environmentally sound disposal of fly

Variation of pH with respect to time for 3:1 ( AMD : FA ) ratio
Fly Ash sample-I

ash the present available methods are land fill,
use in bricks manufacturing or cement plants
and construction sites.

Recent studies shows that the treatment
of acid mine water is possible with fly ash
moreover it becomes more economically viable
when the power plant and lignite or coal mine
are situated side by side.

The batch neutralization experiments
were carried out by stirring a predetermined
mixture of acid mine water and fly ash at room
temperature and pressure to obtain a specific
fly ash to acid mine water ratio ( AMD:FA).

The experiment was carried out in each
case for 30 minutes and the neutralization
process was monitored continuously by the on
line digital pH meter. At acid mine water to fly
ash ratio of 3:1 and 30 minutes reactivity time
the pH of the acid mine water is neutralized to
6.6. The time vs pH change is as follows :

pH Time in minute 
2.5 2 
3.0 5 
3.5 6.5 
4.0 10.0 
4.5 13.0 
5.0 17.5 
5.5 22.3 
6.0 27.0 
6.5 30.0 

Fly Ash sample-II Fly Ash sample-III
pH Time in minute 
2.6 1.5 
3.0 5.5 
3.5 7.0 
4.0 10.5 
4.5 12.5 
5.0 18.0 
5.5 22.0 
6.0 26.5 
6.5 29.0 

 

pH Time in minute 
2.7 2.5 
3.0 4.5 
3.5 6.0 
4.0 9.0 
4.5 12.5 
5.0 16.5 
5.5 21.4 
6.0 25.0 
6.5 29.0 
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The five different samples of fly ash and
acid mine water are collected and analyzed in
the laboratory to establish the content and
characteristic. The parameters are analysed as
per the Indian Standard procedure.

RESULTS AND DISCUSSION
A co disposal reaction between fly ash

and acid mine water drainage can be used to
form co disposal filtrate a near neutral pH. The
AMD of pH range 2.5-2.7 can be neutralized
to a pH of 7.0 by neutralizing with fly ash.
The total time required is approximately 30
minutes.

It is important here to note that both the
acid mine water and fly ash are the waste
products respectively from lignite mine and
thermal power station and both of them i.e.
thermal power station and lignite mines are
getting situated nearby to each other if this
technology is adopted by the lignite mines this
will be very useful in terms of safe and
economic disposal of acid mine water and fly
ash.

CONCLUSION
From the above work it is observed that

considerable neutralization of Acid Mine Water
can be achieved with the reaction of fly ash.
The results are encouraging and shows that
the pH of acid mine water is elevated from 2.5
to 6.5 for an acid mine water to fly ash ratio of
3:1 within 30 minutes. The other observation is
that the amount of fly ash required is 4-5 times
higher than the lime requirement therefore
more fly ash can be disposed off.

The lignite mine and power plants which
are situated side by side may after establishing
the neutralization reaction between fly ash and
acid mine water use the technique for
neutralization of acid mine water and reduce
the cost of treatment of acid mine water.
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