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ABSTRACT 
Coal Gangue, a residue obtained during the coal mining process, accounts for 10-15% of raw coal 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 analysed for physical (e.g. moisture content, particle size, and specific gravity) and chemical 
parameters (e.g. pH, EC and TDS). Column leaching tests were conducted to investigate the leachability of selected 
heavy metal ions simulating field conditions using deionized double distilled water.Barring cadmium, owing to its low 
solubility product, the other targeted heavy metal ions showed greater mobilization levels when deionized double 
distilled water was used as extractant.  
 
 
 
1. INTRODUCTION 
 

Coal mining is often associated with generation of 
huge volumes of natural rock masses, popularly 
known as ‘Coal gangue’ which usually accompany 
the carboniferous beds. Coal gangue is characterized 
by great diversity in grain size and petrographic 
composition and amounts to 20-40% of the total 
mining waste volume (Keefer and Sajwan 1993; 
Plewa and Mysłek 2001; Malhotra and Mehta 2002; 
Asokan et al., 2005; Jablonska et al., 2017). Among 
the industrial solid wastes, it is one of the largest and 
most harmful wastes generated from the coal 
production process (Wu et al., 2017). 

Among the Coal Combustion Residues, 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 soil additives to 
increase crop productivity (Moghal 2013; Moghal and 
Moghal 2012; Moghal and Sivapullaiah 2011; Moghal 
and Sivapullaiah 2012; Moghal and Sivapullaiah 
2013). But, relatively lesser attention has been given 
to Coal gangue.  

Currently, the coal gangue is mainly recycled and 
utilized for power generation, agricultural fertilizer, 
highway roadbeds, brick production, cement 
production and concrete production (Wang et al., 
2016, Zhou et al., 2014). During the past decades, 
although the utilization rate of coal gangue has been 
increased from about 41% in 1998 to about 64% in 
2013, the large accumulated amount and the high 
increasing rate of coal gangue still require alternative 
utilization method .The engineers and researchers 
have thought of using mine wastes to fill underground 
mined-out areas to provide ground support, not only 
reducing the risk of surface subsidence, but also 
affording an environment-friendly approach for 
disposing the hazardous mine wastes (Wu et al., 
2017). One of the applications of coal gangue after 

appropriate treatment could be, using it as 
inexpensive disposable adsorbent (Jabłonska et al., 
2017). The use of coal gangue as landfill liner or clay 
replacement materials in landfill liner can be a 
potential utilization method to conserve land 
resources and reduce environmental contamination 
(Wu et al., 2017). However, new applications of coal 
gangue are still sought. In this context, in the present 
study, physical and chemical analysis of coal gangue 
and presence of heavy metal has 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. After collection, the 
samples were immediately stored and sealed in a 
plastic bag to prevent contamination. To obtain 
representative samples, the samples were air-dried 
and crushed prior to pass through a 2 mm mesh 
sieve to homogenize them for the subsequent 
analysis.The powder coal gangue samples were 
dried in a temperature-controlled oven at 100oC for 
24 h to remove moisture. After cooling, the dry 
materials were then sealed in gas-light, polyethylene 
containers. The samples were sealed for 30 days to 
reach radioactive equilibrium. 

The coal gangue samples were digested using an 
acid mixture (HCl: HNO3) ratio of 3:1 in a microwave 
oven. After digestion, the concentrations of toxic 
elements in coal gangue were determined by 
inductively coupled plasma atomic emission 
spectroscopy (ICP-AES). The coal gangue sample 
was moved into a fixed glass column of 30 mm 
internal diameter and having a length of 60cm.The 
column setup was packed at the top of the sample for 
uniform dispersion of the solution. 
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Moisture content, particle size, specific gravity, pH 
and Electrical conductivity tests were performed in 
accordance with their respective ASTM codes. 
 
 
3. RESULTS AND DISCUSSION 

 
3.1. Physical properties 
 
3.1.1 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.  
 
3.1.2 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 and 
presence of entrapped air. This lower ‘Gs’ leads to 
lower unit weight and thus coal gangue finds 
application as a backfill material.    
 
 
3.1.3 Grain size Distribution 
 
The crushed portion of coal gangue was uniformly 
mixed to make a representative sample of 1 kg for 
performing sieve analysis test. The test was 
performed as per ASTM D 422-63,The Grain size 
distribution curve is presented in Figure 1. Based on 
the USCS (ASTM D 2487-93, 1994), this coal gangue 
can be classified as silty sand (SM). 
 
 

 
Figure 1. Grain Distribution Curve 

 
 

3.2. Chemical Properties 
 
3.2.1 pH  
 
The pH of the sample was determined using a digital 
pH meter as per IS:2720 (Part XXVI)-1987. The pH 
was established corresponding to liquid to solid ratio, 
L/S of coal gangue and double distilled water, varying 
between 4 and 100. The pH meter was calibrated by 
using different standard buffer solutions of pH 4,7 and 

9.2. The solution was stirred intermittently after 
allowing to stand for 1 hour. The pH value of the 
solution was recorded at regular time intervals. From 
the pH values presented in Figure 2, it is evident coal 
gangue is mostly acidic in nature and with increasing 
L/S ratio, the acidity of the sample kept increasing up 
to a L/S ratio of 80.  
 
3.2.2 Electrical Conductivity (EC) and Total Dissolved 
solids (TDS) 
 
The same instrument used for measuring pH was 
used for measuring EC and TDS. From results 
presented in figure 3, it was observed that EC and 
TDS kept decreasing with increasing L/S ratio. 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.  
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Figure 2. pH vs L/S Ratio 

 
 

 
Figure 3. EC and TDS vs L/S Ratio 
 
 
3.3. Leaching Behavior of trace elements from coal 
gangue under column leaching experiments 
 
Based on the results of comparative column leaching 
experiments of coal gangue, the leaching behaviour 
of the 6 trace elements in coal gangue Cr, As, Se, 
Cd, Pb, and Ba was studied. The concentrations of 
metals leached from the coal gangue leachate in 
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comparison with US EPA regulatory limits are 
presented in Table1. 
 
 
Table 1. Leaching characteristics of Trace 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 

U.S. EPA 
regulatory 
limit (mg/L) 

1.0 5.0 5.0 1.0 100 5.0 

 
 

The results indicated that except Cadmium (Cd), 
all other metals were found to be more than 
regulatory limits prescribed by USEPA. Thus, it can 
be inferred that the heavy metals showed the 
tendency to mobilise from coal gangue. This result 
obtained is consistent with the results of other 
literatures (Cao et.al 2017 and Wang et.al 2008). 
 
 
4. CONCLUSIONS 
 

In the present study, the physical and chemical 
characteristics of coal gangue were examined. Also, 
the leaching behaviour of trace metal elements from 
coal gangue were 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. 

In summary, trace metal elements could release 
from and can cause severe implications on 
environment depending on the type of trace 
elements.  
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