
TECHNICAL COMMUNICATION

Treatment of Acid Mine Drainage Using a Fly Ash Zeolite Column

Bably Prasad1 • Hemant Kumar1

Received: 4 May 2015 / Accepted: 4 October 2015 / Published online: 20 October 2015

� Springer-Verlag Berlin Heidelberg 2015

Abstract Acid mine drainage (AMD) and fly ash from

thermal power plants both pose substantial environmental

problems in India. Fly ash from the Talcher super thermal

power plant was converted into zeolite and used in a column

to treat AMD from the abandoned Gorbi opencast mines

(Singrauli coalfields, NCL). The pH of the mine water

increased, and 100 % of the total hardness, Ca hardness, Mg

hardness, Mn, Zn, Pb, Cd, Ni, and acidity were removed,

along with 99 % of the Fe and 90 % of the Cu.
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Introduction

Natural zeolites such as clinoptilolite were used by Li et al.

(2008) and Motsi et al. (2009) for treatment of acid mine

drainage (AMD), and their results showed that zeolites

have great potential to effectively remove metals. Moreno

et al. (2001) and Fungaro and Izidoro (2006) synthesized

zeolitic material from coal fly ash and evaluated its

effectiveness for decontamination of AMD. They showed

that fly ash zeolite increased the pH of the AMD and

decreased metal concentrations by cation exchange or solid

precipitation. Prasad and Mortimer (2011) observed that fly

ash zeolite is crystalline in nature and, due to its high cation

exchange capacity (CEC), most AMD metals are retained

at its surface sites. Fly ash is produced in huge amounts in

thermal power plants and only about 20 % of it is

beneficially used (Jain and Gaggar 2013). Converting the

fly ash into zeolite has gained interest because it combines

ion exchange and molecular sieve properties (Derkowski

et al. 2006; Prasad et al. 2012; Quirol et al. 2002; Akcil and

Koldas 2006; Azapagic 2004; Cama et al. 2005; Doye and

Duchesne 2003; Inada et al. 2005; Johnson 2003; Johnson

and Hallberg 2005; Leggo 1994; Mckinnon 2000; Mon-

dragon et al. 1990; Moriyama et al 2005; Rios et al. 2008;

Somerset et al. 2008; Tsishvili et al. 1992; Xenidis et al.

2002). Therefore, the problem of fly ash disposal can be

reduced by preparing a zeolite that has been found to be

effective for AMD treatment.

AMD from the abandoned Gorbi opencast mine has a

pH\ 3 and contains high concentrations of acidity and

contaminants. Fly ash can easily be converted into crys-

talline zeolitic material by alkaline hydrothermal treatment

using sodium hydroxide. In the present work, AMD from

the Gorbi mines was treated using fly ash zeolite in a

laboratory column test.

Methodology

AMD was collected at five sampling points of the Gorbi

abandoned opencast mines (Singrauli, India), which at one

time was the largest coal mining complex of the world. The

AMD was collected in ten 20 L plastic containers, which

were rinsed thoroughly with the AMD before sampling.

The pH and conductivity, measured immediately at the

field site in each sample using a Eutech Instrument multi-

parameter tester (35 series), were found to be similar.

Samples were then brought to the laboratory and kept

refrigerated until used. A fresh fly ash sample was collected

from the electrostatic precipitator of the Talcher super

thermal power plant in Orissa State. The fly ash was bench
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dried and then the unburnt carbon and other volatile

materials in the fly ash were removed by calcination at

800 �C for 1 h. The fly ash was then converted to zeolite in

Teflon digestion bombs at a temperature of 100 �C ± 5 �C
for 24 h, using 2 M NaOH as the activation agent, and a

solution/sample ratio of 10:1 (Prasad et al. 2012). The

transformed samples were filtered and washed repeatedly

with deionised water until the pH of the wash water was

8–9. The product was then dried in an oven at 45–50 �C
and kept in powdered form until use.

A 300 mm long column with an inside diameter of

100 mm was constructed from glass pipe and filled with

1110 g of the prepared Talcher fly ash zeolite (Fig. 1). The

bed volume of the filled column was determined using

ASTM D 4874–95 (1995) and calculated as 750 mL. Every

alternate day, one bed volume of Gorbi AMD was passed

through the column, so that in a week, three bed volumes

and in a month, 12 bed volumes of AMD had been treated.

This experiment was continued for more than a year (July

2011–August 2012, during which time, a total of 140 bed

volumes (105 L) of mine water passed through the zeolite

column. The water quality of the leachate from each bed

volume was analysed for pH, electrical conductivity (EC),

total hardness, Ca hardness, Mg hardness, chloride, acidity,

total dissolved solids (TDS), sulphate, and various metals.

Total hardness, Ca hardness, Mg hardness, chloride, sul-

phate, and TDS were analysed by Indian Standard IS: 3025

(2009). Metal concentrations were measured using an

atomic absorption spectrophotometer (Arnold et al. 1992).

Results

Treatment of the Gorbi Mine Water

The AMD collected from the abandoned Gorbi opencast

mine had an average initial pH of 2.63. After the first bed

volume of AMD passed through the zeolite column, the pH

had increased to 10.36 due to the alkaline nature of the

zeolite bed. A slow decrease in leachate pH was observed

over time. A pH of 7.0 was obtained after 76 bed volumes

of AMD had been treated (Fig. 2); at 140 bed volumes, the

pH was 4.29.

The AMD had an initial EC of 1780 lS, which

increased at the beginning of the treatment, potentially due

to release of Na ions from the zeolite bed into the treated

mine water. The EC of the treated mine water decreased

over time (Fig. 3); by the end of the experiment, the EC

had decreased to 919 lS. This was almost half of the initial

EC of the mine water, indicating ion removal.

The untreated AMD contained 992 mg/L of total hard-

ness, 668 mg/L of Ca hardness, 78.7 mg/L of Mg hardness,

and 750 mg/L of acidity. The zeolite was still removing

99.6 % of the total hardness, 100 % of the Ca hardness,

Fig. 1 Column experiment for removal of pollutants from AMD

Fig. 2 The pH of Gorbi acid mine water after treatment

Fig. 3 Conductivity of Gorbi mine water after zeolite column

treatment
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98.8 % of the Mg hardness, and 100 % of the acidity after

53 bed volumes (40 L) had been treated (Fig. 4; Table 1).

Afterwards, a gradual decrease in total hardness removal

was observed. Up to 91.6 % of the Ca hardness was still

being removed after 73 bed volumes had been treated;

similarly, more than 93 % of the acidity was being

removed after 134 bed volumes had been treated. Even at

the end of the experiment, after 140 bed volumes (105 L),

80 % of the acidity was being removed.

The TDS and sulphate concentrations in the untreated

AMD was 1771 and 1122.3 mg/L, respectively. When the

water was treated by the zeolite column, the TDS in the

leachate initially increased; over time, it subsequently

decreased (Table 1). However, no change in sulphate

concentration was observed (Table 1).

The zeolite column was been found to be very effective

in removing many metals, removing 99 % of the Fe, 100 %

of the Mn, 90 % of the Cu, 100 % of the Zn, 100 % of the

Pb, 100 % of the Cd, and 100 % of the Ni until a large

volume of water had passed through the column (Table 2).

The initial concentration of these metals in the untreated

water was 10.0 mg/L Mn, 0.12 mg/L Cu, 12.4 mg/L Zn,

0.04 mg/L Pb, 3.85 mg/L Ni, 72.4 mg/L Fe, 0.006 mg/L

Cd and 0.03 mg/L Cr. After passing 140 bed volume of

mine water through zeolite column, the concentration of

these metals in treated mine water has been decreased to

1.65 mg/L Mn, 0.00 mg/L Cu, 3.00 mg/L Zn, 0.00 mg/L

Pb, 3.2 mg/L Ni, 0.01 mg/L Fe, 0.00 mg/L Cd and

0.01 mg/L Cr. Fe which was the main metal present in the

AMD, with an initial concentration of 72.4 mg/L, was still

being removed very effectively by the zeolite column at the

end of the experiment.

Discussion

The fly ash zeolite treated the AMD efficiently. The

energy used to transform the fly ash into zeolite markedly

improved its remedial properties (due to a markedly

increased CEC). An earlier batch study experiment (Pra-

sad and Mortimer 2011) showed the effects of different

doses of a fly ash zeolite on removing metals from AMD.

Fig. 4 Removal of ions and acidity from AMD by fly ash zeolite

column

Table 1 Concentration (in mg/L) of different parameters in treated Gorbi acid mine water

Bed volume of mine water treated pH Conductivity (lS) Total hardness Ca hardness Mg hardness Acidity TDS Sulphate

Initial 2.63 1780 992 668 79 750 1640 1122

1 10.63 2470 4.0 0.0 0.97 0.0 1640 50.26

10 10.2 2630 4.0 0.0 0.97 0.0 2140 1144.5

20 9.8 2500 4.0 0.0 0.97 0.0 1941 –

30 9.66 2420 4.0 0.0 0.97 0.0 1793 1067.5

40 9.34 2390 4.0 0.0 0.97 0.0 1703 1051

50 9.1 2350 4.0 0.0 0.97 0.0 1677 –

60 7.95 1981 368 4.0 88.45 4.0 1581 1051

70 7.08 1866 372 8.0 88.45 4.0 1614 1049.7

80 6.98 1613 780 488 72.96 4.0 1582 –

90 7.1 1250 868 572 71.93 8.0 1586 1055.9

100 7.16 1203 940 632 74.84 8.0 1281 1056.6

110 7.02 1184 976 648 79.70 8.0 1503 1065.6

120 6.73 1070 976 648 79.70 8.0 1409 –

130 6.53 951 984 616 89.42 20.0 1563 –

140 4.29 919 992 620 90.40 152 1478 1076.4
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The present column experiment was intended as a prelude

to a pilot-scale field experiment, where continuous treat-

ment of AMD with a fly ash zeolite column might be

possible.

Conclusions

AMD from the Gorbi opencast mine was effectively treated

with a fly ash zeolite column. The pH of the mine water

was increased, and 100 % of the total hardness, Ca hard-

ness, Mg hardness, and acidity were removed. The zeolite

column also removed 99 % of the Fe, 100 % of the Mn,

90 % of the Cu, 100 % of the Zn, 100 % of the Pb, 100 %

of the Cd, and 100 % of the Ni until a large volume of mine

water had been treated by the column. A field investigation

is necessary to evaluate the comparative costs of active and

passive treatment.
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