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Abstract. Coal fly-ash (CFA), waste materials resulted from coal processing in power plants,
contains oxides that have capability to neutralize hydrogen ions of acid mine drainage (AMD).
A batch reelctB:xpcrimcm was conducted by adding different amounts of CFA (0, 50, 100, 150,
200, and 250 Mg ha ) to reclaimed mining soils (RMS) to quantify the effect of CFA addition
on changes in the pH of AMD. AMD was then flowed into the reactors following the incubation
of the mixtures of RMS and CFA for 7 days, and the changes in pH of AMD in the reactors were
monitored over 35 days. Results of the study showed pH and specific surface areas (SSA) of
soils increased significantly with the addition of CFA. pH of AMD over 35 days also improved
with CFA application, in which the degree of pH improvement was controlled by the amounts of
added CFA. The addition of CFA <200 Mg ha ' was not able to result in pH of AMD >6.0, and
AMD pH of 6.0 was obtained when the amount of applied CFA reached to 200 Mg ha .
Increasing pH of AMD is attributed to the CaO and MgO contained in the CFA neutralizing the
H* ions of AMD. Results of the study demonstrate the potential of CFA in remediation of AMD,
in particularly in increasing pH of AMD.
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1. Introduction
One of the crucial problems in mining activities around the world is the formation of acid mine drainage
(AMD). AMD is formed when tailings containing sulfide compounds are lifted to the surface and then
exposed to oxygen [l, 2]. This AMD generally has a very low pH [34] and high heavy metal
concentrations [5,6], so it will be a serious environmental problem when AMD flows into public waters.
The presence of AMD in open water systems lead to serious problem to benthic invertebrates [7] and
fish community [8, 9]. Rice production has decreased by 62% through disruption of the physiological
process of rice plants when AMD flows into agricultural land [10], and it takes a long time for the
restoration of agricultural land contaminated with the AMD [11]. Thus, AMD management is required
to meet environmental quality standards before the AMD is distributed to open water systems.

AMD management is generally carried out by the application of alkaline compounds such as
limestone to neugsalize acidity and raise the pH of AMD [2,12]. This AMD management is easy to
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implement, does not require complex technology and has a high success rate [12, 13]. Research
conducted by Elghali, Benzaazoua, Bouzahzah and Bussiére [14] showed that the application of
limestone increased pH of AMD from acidic (pH < 2.5) to circumneutral (pH 7.5). The disadvantage of
AMD remediation using this approach is that the cost is very high, and limestone is not considered as a
renewable natural resource, so that the use of limestone for long term may lead to a new environmental
problem. Thus. other lime materials than limestone are required for AMD remediation.

Coal fly ash (CFA), produced from the process of using coal in power plants, contains high amounts
of Ca0 and MgO [15,16]. Thus, CFA has the potential to be used as a substitute for limestone in AMD
remediation. Utilization of industrial waste materials as a substitute for limestone in AMD remediation
is expected to redf the operational costs of mining activities and at the same time reduce waste
management costs. The aim of this study was to quantify the effect of application of different amounts
of CFA on the increase in pH of treated-AMD.

2. Materials and Methods

2.1. Sampling and characterization of soil and coal fly-ash

The soil used for this study was sampled from reclaimed-mining soil at Desa ffllam, Cempaka Sub-
district, Banjarbaru Regency, South Kalimantan, Indonesia. Soils were sampled at a depth of 0-30 cm
usinR soil drill at several different points. After being cleaned for plant debris, the sampled soils were
then homogenized, placed in a plastic bag and stored at 4°C before being used for research. A portion of
the sample was then air-dried for the determination of soil physical and chemical characteristics.
Selected physico-chemical characteristics of soil were presented in Table 1.

Coal fly-ash (CFA) was collected from the power plant at Desa Kasiyau Raya, Murung Pudak Sub-
@histrict, Tabalong Regency, South Kalimantan, Indonesia. The concentrations of Ca and Mg in CFA
were determined using an atomic absorption spectrophotometry (Shimadzu AA6300G) after digestion
of CFA using the mixture of HNOs and HCIO4 (Table 1). Meanwhile, acid mine drainage was obtained
from a wastewater treatment pond in Desa Palam, Cempaka Sub-district, Banjarbaru Regency, South
Kalimantan, Indonesia.

2.2. Batch reactor experiment

A batch reactor experiment was carried out to quantify the effect of coal fly-ash applicati@ on changes
in pH of treated-AMD. Different amounts of coal fly-ash: 0, 50, 100, 150, 200 and 250 Mg ha™' were
applied to 2000 g of reclaimed-mining soils (RMS) in a reactor with dimension of 35 ¢cm (length), 15
cm (width), and 9 cm (height), then the RMS-CFA was mixed homogenously. An amount of fjuadest
was then applied to mixtures of RMS—CFA to obtain soil water content of 60% water holding capacity,
then the mixtures were incubated at dark for 7 days. For each treatment, three replicates were prepared
and incubated. Following the completion of incubation period, AMD was gradually added into the
reactor until the level of AMD in the reactor reached to 3 cm from the soil surface. The pH of treated-
AMD in each reactor was measured at 0, 1,2, 3,4,7, 12,21, 28, and 35 days using a Hanna HI-2211
pH meter.

2.3. Data analysis

The effect of CFA application on changes in pH of treated-AMD was quantified by analysis of variance.
Normality and homogeneity of experimental data were checked usingfBhapiro-Wilk and Bartlett tests,
respectively, prior to the analysis of variance. Mean comparison using least significant difference (LSD)
at P <0.05 was performed in the case of the treatments significantly affected the pH of treated-AMD.
All statistical tests were performed using GenStat 12" Edition.

[¥]




2nd International Conference on Tropical Wetland Biodiversity and Conservation IOP Publishing
IOP Conf. Series: Earth and Environmental Science 976 (2022) 012020  doi:10.1088/1755-1315/976/1/012020

3. Results and Discussion

3.1. Characteristics of soil and coal fly-ash

The soil used for the study had a clay texture with a relatively high bulk density. This soil had an acidic
reaction (pH 3.34) with relatively low organic C and total N contents. Exchangeable Ca and Mg contents
were also relatively low with medium cation exchangeable capacity (CEC). Coal fly-ash had an alkaline
pH with a relatively high bulk density (Table 1). Most notable was the high Ca and Mg contents of coal
fly-ash which reached to 1533 mg kg™' and 1499 kg™', respectively.

1
Table 1. Properties of soil and coal fly-ash. gumbers in the parenthesis represent the standard
deviation of mean (n=3).

Characteristics Soil Coal Fly-ash
Teare
- Sand (%) 30,57 (3.61) -
- Silt (%) 26 87 (341) -
- Clay (%) 42,56 (6,34) -
Bulk density (g cm™) 142 (0,16) 1.87(0,18)
pH (H:0) 3,34 (007) 7.67(0,12)
Organic C (g kg™") 16,16 (192) 0,95(0,06)
Total N (g kg™) 2,65 (007) 0,14 (0,04)
P(gkg™" 7,53 (009) 021(0,06)
Ca(mg kg™ 3,53 (049) 1532,54(9,67)
Mg (mgkg™") 554 (043) 149898 (9,66)
CEC (cmol kg™ 1994 (1,54) -

7
3.2 Eﬁ.’ect of coal fly-ash application on increasing pH of acid mine drainagdd
The results showed that the addition of CFA up to 50—100 Mg ha™' was only able to increase the pH of
AMD from 3.17 to pH 3.57—-5.86 for 35 days of observation. However, when the amount of CFA
Ellded reached to 200-250 Mg ha ', the pH of AMD increased from 3.17 to pH 6.97-7.56 (Figure 1).
The results of this study indicate that the application of CFA with different amounts affect the pH of
AMD. Based on the observation time, the increase in AMD pH occurred after 7 days of CFA
application, in which the AMD pH increased from pH 3.17 to pH 4.21-7.85 (Figure 1)
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Figure 1. Changes in pH of acid mine drainage due to different amounts of coal fly-ash
application observed during 35 days.
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The increase in pH of AMD with the application of CFA with different amounts after 35 days of
observation is presented in Figure 2. Application of CFA with an amount of 50 Mg ha™' increased the
pH of AMD compared to AMD without the application of CFA (control). Increasing the afffpunt of CFA
applied up to 250 Mg ha ! was always followed by increasing the pH of treated-AMD. The results of
this study indicate the high efficiency of CFA in neutralizing acidity in AMD, which in turn increases
the pH of treated-AMD.
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Figure 2. Changes in pH of acid mine drain§fle with various amounts of coal fly-ash observed 35 days
after application. The line above the bar is the standard deviation of the mean (n=3). The same letter
above the line indicates the similar effect of treatment based on the least significant difference (LSD)

test at P <0.05.

The increase in AMD pH with the addition of CFA is attributed to the presence of Ca- and Mg-oxides
in the soil reacting to produce OH ions which neutralized AMD acidity [17, 18]. In another study, Gitari,
Petrik [16] reported a buffering capacity at pH 6.20—6.80 in a mixture of AMD—CFA due to the
dissolution of MED and CaO oxides from CFA. The effect of the addition of CFA on changes in AMD
is controlled by the sulfur content of the coffJ] 19]. Anthracite coal with high sulfur content produces
acidic coal ash (pH < 7.0) [20], whilg}lignite coal with low sulfur content and high Ca content produces
alkaline coal ash [20], while lignite coal with low sulfur content and high Ca content produces alkaline
coal ash [21]. The potential for neutralization of acidity by CFA varies from 20 kg CaCO; Mg ! in CFA
from lignite coal to 25 kg CaCO; Mg ! in CFA from bituminous coal [22].

The increase in AMD pH with the addition of CFA with different amounts in this study was in
accordance with several previous studies. Mungazi and Gwenzi [23] measured the change in pH in the
excavated rock mixed with CFA through column experiments and reported an increase in pH from very
acidic (2.9) to alkaline (8.0). Research conducted by Nasir, Ibrahim and Arief [24] also showed an
increase in the pH of AMD which was passed on an experimental column containing CFA. With its
potential to contain high amounts of CaO and MgO, coal ash generated from power generation activities
is used as an ameliorant in waste-based AMD remediation [25.26]. By using industrial waste as a
substitute for limestone, the operational costs of mining activities may be reduced so that it can benefit
the company. Research conducted by Potgieter-Vermaak, Potgieter Potgieter-Vermaak, Potgieter,
Monama and Van Grieken [27] showed a 23-48% chemical cost savings when CFA was applied instead
of limestone in AMD remediation.
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4. Conclusion

The results showed that the application of coal fly-ash in the amount of 50 Mg ha™' increased the pH of
acid mine drainage compared to acid mine drainage without coal fly-ash application (control). An
increase in the am@@nt of coal fly-ash applied up to an amount of 250 Mg ha™' is always followed by an
increase in thefg@H of acid mine drainage. Increasing the pH of treated-acid mine drainage may attribute
to dissolution of CaO and MgO contained in coal fly-ash released OH™ which then neutralizes acidic
acid mine drainage. The results showed the potential of coal fly-ash as a substitute for limestone in the
remediation of acid mine drainage.
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