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Abstract Coal gangue, a residue obtained during the coal mining process, accounts
for 10–15%of rawcoal produced.Usually, this coal gangue is transported and stacked
loosely in the nearby areas. Long term piling up of this mine waste can volatilize
large amounts of potentially toxic heavy metals which have the ability to infiltrate
surrounding ecosystems. In the present study, coal gangue from an open cast mining
area in Bhupalpally in Telangana state, India, has been analyzed for its physical and
chemical characteristics. Further, column leaching test was performed to evaluate the
leachability of selected heavy metal ions simulating field conditions using deionized
double distilled water. The column tests proved that the selected heavy metal ions
from coal gangue can be easily mobilized.
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1 Introduction

Mining of coal is often associated by generation of huge volumes of natural rock
masses, popularly known as ‘Coal gangue’ which usually accompany the carbonif-
erous beds. Coal gangue is characterized by great diversity in grain size and petro-
graphic composition and amounts tomore than 20%of the total solidwaste generated
during the mining (Keefer and Sajwan 1993; Plewa and Mysłek 2001; Malhotra and
Mehta 2002; Asokan et al. 2005). Among the various solid wastes generated by
different industries, it is identified as the largest with relatively higher impact on the
environment (Wu et al. 2017).

Among theCoal CombustionResidues, a lot of study has been focused on coal and
fly ash. Coal ash has been successfully utilized for many years in various applications
(Yao et al. 2015) and fly ash has been used as fill material, liner material for waste
containment, to stabilize toxic and heavy metal diced soils, as subbase material, as
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soil additives to increase crop productivity (Moghal and Sivapullaiah 2011, 2012,
2013; Moghal 2017). But, relatively lesser attention has been given to coal gangue.

The current avenues of coal gangue utilization include re-combustion for power
generation, in the production of fertilizers, bricks, concrete, and cement (Wu et al.
2017). Though the rate of coal gangue has spiked in the recent times, its huge volume
of generation with relatively higher rate of generation necessitates the identification
of alternative utilization approach (Ashfaq et al. 2019). Previous researchers have
established the application of coal gangue in retrospective backfilling of abandoned
mine sites as a sustainable solution to reduce the problem of subsidence and disposal
of solid waste. Wu et al. (2017) and Jabłonska et al. (2017) have identified the
potential of coal gangue as an adsorbent and landfill liner material. However, new
applications of coal gangue are still sought. In this context, in the present study,
physical and chemical analyses of coal gangue and presence of heavy metal have
been evaluated. Also, column leaching test on coal gangue has been performed to
assess the leaching potential of selected heavy metals from coal gangue.

2 Materials and Methodology

Coal gangue has been procured from Kakatiya Coal mines, Bhupalpally, Telangana.
Post procurement, to avoid possible alteration in the chemical and physical properties,
the samples were sealed in a zip pouches. Air-dried samples were grounded using
jaw crusher and subsequently were allowed to pass through 1 mm mesh sieve to
maintain consistency and uniformity of the tested samples.

Acid digestion techniquewas used to evaluate the initial concentrations of selected
trace metal concentration. A liquid-to-solid ratio of 20 was maintained during the
leaching tests performed in the column apparatus. The physical properties studied
include natural moisture content, specific gravity, pH, total dissolved solids (TDS)
and electrical conductivity (TDS). All the tests were performed in accordance with
their respective ASTM codes.

3 Results and Discussion

3.1 Physical Properties

Moisture Content The natural moisture content of coal gangue calculated after
oven drying the sample was in the range of 2–5%. This variation in value might be
due to the heterogeneity of coal gangue.

Specific Gravity (Gs) The average specific gravity value of coal gangue was found
to be 2.50. The lower value of specific gravity may be due to varying iron content
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Fig. 1 Grain distribution curve

and presence of entrapped air. This lower ‘Gs’ leads to lower unit weight and thus
coal gangue finds application as a backfill material.

Grain Size Distribution The crushed portion of coal gangue was uniformly mixed
tomake a representative sample of 1 kg for performing sieve analysis test. The particle
size distribution curve of the samples used in the study is presented in Fig. 1. Based
on the Unified Classification system (USC), the coal gangue samples are comparable
to silty sands (SM).

3.2 Chemical Properties

pH The pHwas determined at varying liquid-to-solid ratios (4–100) and is presented
in Fig. 2. Prior to test, the pH meter was calibrated using three different buffer
solutions with pH of 4, 7 and 9.2. From the results, it is evident that the natural
coal gangue has a neutral pH of about 7. With the increase in L/S ratio, coal gangue
exhibited acidic pH with proportionate increase in acidity with the liquid content.
The linear increase in acidity with the L/S ratio can be attributed to the attack of H+

ions on the mineral phases of the coal gangue.

ECandTDS The instrument used formeasuring pHwas used formeasuring EC and
TDS. From results presented in Fig. 3, it was observed that EC and TDS exhibited an
identical behavior with the change in L/S ratio. It was noted that with the increasing
L/S ratio, both EC and TDS linearly decreased. Similar to the observations made for
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Fig. 2 pH versus L/S ratio

Fig. 3 EC and TDS versus L/S ratio
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Table 1 Leached concentrations of heavy metals from coal gangue

Heavy metals Cd Cr As Se Ba Pb

Leachate (mg/L) 0.8 47.5 17.8 3.7 120 12.5

US EPA limit (mg/L) 1.0 5.0 5.0 1.0 100 5.0

pH, the highest fall in EC and TDS was noted at L/S ratio of 20. The sudden fall can
be related to the abrupt decrease in the pH of the leachate. Due to lack of EC and
TDS data for the coal gangue from other regions in India, validation of the obtained
results could not be done.

3.3 Leaching Behavior of Heavy Metals

The leached concentrations of selected heavy metals at liquid-to-solid ratio of 20
are presented in Table 1. The concentration of leachate is compared with US EPA
regulatory to evaluate the level of toxicity of the selected heavy metals. From the
results presented in Table 1, it is evident that except Cadmium (Cd), all other selected
heavy metals were found to be more than regulatory limits prescribed by US EPA.

Further it can be observed that heavy metals have the potential to mobilize from
coal gangue, subsequently contaminating surrounding surface and ground-water
bodies. The observations made are in consistency with previous studies by Cao
et al. (2016) and Wang et al. (2016).

4 Conclusions

In the present study, the physical and chemical characteristics of coal gangue were
examined. Also, the leaching behavior of heavymetals from coal gangue was studied
under column leaching experiments. The following conclusions were drawn from the
study.

• The moisture content and specific gravity of coal gangue were found to be lesser
than general value of soils and other combustion residues.

• Gradation distribution curve of coal gangue is analogous to that of silty sand.
• Both electrical conductivity values and total dissolved solids content decreased

consistently with increase in L/S ratio.
• pH of coal gangue leachate extracted relying on double distilled water reduces

with increase in L/S ratio.
• Barring cadmium (Cd), all other elements showed higher mobilization levels from

coal gangue when deionised distilled water was used as extractant.
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