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ABSTRACT This paper reports the demineralization of coal with EDTA, citric acid, ammonium acetate acid mixture, 
HCl, and HNO3. The residual coal were water washed and filtrates were evaporated to constant a vol-

ume. The residual coals were ashed and mixed with acid mixture followed by two hours of digestion. The filtrate were 
stored in glass bottles. The absence of some morphological features correspond to inorganic elements in residual 
samples confirms demineralization. It is evident from the results that amongst the leachants used; acid mixture and 
EDTA have caused significant reduction in ashes. 
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Introduction
In order to fulfil the increasing energy demand, all en-
ergy resources need to be utilised. Despite the efforts 
and the commitment for renewable power to account for 
a significant share of the total electricity supply, coal is 
still one of the most important electricity producing fu-
els. Many environmentalists see coal as inherently dirty.

Coal minerals are objectionable due to process as well 
as environmental problems. Coal minerals may be epi-
genetic and syngentic. Both constitute the inorganic 
part of the coal and if their concentration exceeds cer-
tain levels, they are considered unwanted because of 
no role in combustion of coal. Minerals are desired to 
certain levels due to catalytic effects in gasification and 
liquefaction1-3. Concerted efforts are needed to reduce 
the ash forming inorganic elements and to develop 
clean methods of using coal. Demineralization prior to 
utilization is an effective way to ensure environmental-
ly friendly combustion of coal and to compel the user 
to use coal for domestic as well as commercial power 
generation. Many techniques are in line for deminerali-
zation of coal4-6.However, all these treatments are tedi-
ous, obnoxious and costly. Introduction of less time con-
suming and cost effective techniques is the need of the 
day. New techniques are being viewed for removal of 
ash forming inorganic elements from coal7-8. EDTA 9, cit-
ric acid10, some lixiviants11, HCl, HNO3, NaOH & H2 O2

12 
and forced leaching using water, citrate, oxalate, EDTA 
& carbonate solutions are in use9.

It has been reported that many trace elements and nox-
ious gases are liberated from coal-fired power plants. 
Ash content of coal has been reported to cause many 
mechanical and operational problems like reactor clog-
ging, scaling, fouling and catalyst passivation7. 

Various analytical protocols have been used in the past 
for mineral mater identification13-17. Leaching is a method 
to remove soluble components from a solid matrix.  The 
literature identified over 100 leaching methods18.

MATERIALS AND METHODS
Preparation of Coal Sample 

The run of mine coal sample was obtained from Sharigh 
coal mines in Baluchistan through Pakistan Mineral Devel-
opment Corporation, crushed and ground in a pestle and 
mortar, screened through 212 µm sieves using a sieve 
shaker. The definite sized coal sample was dried in a vac-
uum oven at 105o C for one hour and cooled in a desicca-
tor. The proximate and ultimate analysis of the virgin coal 
understudy is provided in Table 1.

Table 1. Proximate analysis of virgin coal used.

Parameters Level (%)
Moisture 1.41
Volatile ash 27.95
Ash 20.95
Fixed Carbon 49.69
Total Sulphur 5.10
Pyretic Sulphur 0.092
Sulphatic Sulphur 1.64
Chlorine 0.44

 
Leaching of coal with EDTA 
10g portion of coal was taken and mixed with 0.02N EDTA 
in a 50 ml conical flask.  Using magnetic stirrer it is stirred 
for 1 hour. The slurry was filtered and washed several 
times to free from EDTA. The washed sample is collected 
and evaporated till constant volume of 50ml. same proce-
dure is repeated with different EDTA solutions like 0.04N, 
0.06N, 0.08N and 0.1N with varying time of leaching like 
1, 2, 3, 4 and 5hours. 

Leaching of coal with citric acid 
10g portion of coal was taken and mixed with 0.2N citric 
acid in a 50 ml conical flask.  Using magnetic stirrer it is 
stirred for 1 hour. The slurry was filtered and washed with 
hot distilled water several times till pH paper stop giving 
red colour. The washed sample is collected and evapo-
rated till constant volume of 50ml. same procedure is re-
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peated with different citric acid solutions like 0.4N, 0.6N, 
0.8N and 1N with varying time of leaching like 2, 3, 4 and 
5hours. 

Leaching of coal with acid mixture
10g portion of coal was taken and mixed acid mixture of 
HCl, HNO3, HCl and HF in ration of 10:5:1:1 in a 50 ml 
conical flask.  Using magnetic stirrer it is stirred for 1 hour. 
The slurry was filtered and washed with hot distilled water 
several times till it become free from ammonium acetate. 
The washed sample is collected and evaporated till con-
stant volume of 50ml same procedure is repeated with dif-
ferent concentration of acid mixture with varying time of 
leaching like 2, 3, 4 and 5hours. 

Leaching of coal with chemical leachants
10g portion of coal was taken and mixed with 1M HCl in 
a 50 ml conical flask.  Using magnetic stirrer it is stirred 
for 1 hour. The slurry was filtered and washed with hot 
distilled water several times till it become free from acid. 
The washed sample is collected and evaporated till con-
stant volume of 50ml same procedure is repeated with 1M 
HNO3 solutions with varying time of leaching 5hours. 

Result and Discussion
Leaching of coal with EDTA 
The coal was leached with EDTA in order to remove litho-
phillic inorganic elements i.e., Ca, Mg, Fe, etc., and data 
of ash depletion is provided in Table 2. Leaching time was 
varied in order to study the effect of contact time on ef-
fective removal of the metals to be studied. Time dura-
tion was varied from 1 to 5 hours. It was found that 0.08N 
EDTA with 4 hour of contact time is effective in highest 
demineralization.   

Table 2: Demineralization of Virgin lump Coal with dif-
ferent Concentrations of EDTA

Hr 0.02 N 
(%)

0.04 N 
(%) 0.06 N (%) 0.08 N 

(%) 0.1 N (%)

1 27.14 14.76 30.00 25.03 15.43
2 17.03 14.26 15.55 20.18 24.04
3 15.31 14.20 27.54 23.15 15.9
4 22.83 26.56 23.45 30.16 25.96
5 17.63 22.93 23.34 20.00 19.36

Leaching of coal with citric acid 
Leaching with citric acid caused a remarkable ash deple-
tion in the beginning but with increasing the time of stir-
ring, the value of ash depletion decreased (Table 3).  Time 
duration was varied from 1 to 5 hours. With varying the 
concentrations of citric acid, the value of ash depletion 
more or less remained the same. The reason for poor ash 
depletion may be with increase in citric acid concentration 
viscosity of the slurry increases so the leachants are not 
able to admit to micropores. 

Table 3: Demineralization of Virgin Lump Coal with Cit-
ric Acid

Hr 0.2 N (%) 0.4 N 
(%)

0.6 N 
(%) 0.8 N (%) 1 N (%)

1 22.6 19.6 22.6 27.4 14.0

2 24.6 23.5 26.2 26.0 18.76

3 26.0 25.0 28.3 24.6 25.9

4 27.4 31.0 29.3 17.0 16.4

5 28.6 27.6 27.3 16.4 21.8

Leaching of coal with acid mixture
Leaching with acid mixture was done by making a mixture 
of acid with H2O, HCl, HNO3 and HF. Acid mixture is found 
effective ( Table 4). In case of leaching performed for small 
time duration, the sites that are enclosed in these pores 
have not been accessed effectively. On extension in time, 
the accessibility was believed to have enhanced. Time du-
ration was varied from 1 to 5 hours.

Table 4: Demineralization effect of Acid Mixture 2 on 
Virgin Coal

Time of stirring  (Hr) % of Ash Depletion

1 14.43

2 20.08

3 25.46

4 22.51

5 20.23

 
Leaching of coal with chemical leachants
An attempt was also made to study the effectiveness of 
HCl as leachants. The micrograph of the residual coal from 
this treatment is provided in Table 5. The treatment of coal 
with HCl caused a little amount of ash depletion. No pro-
nounced effect of extension in leaching time can be seen. 
HCl has been found to remove detrital mineral inclusions. 

Table 5: Demineralization effect of 1M HCl on Virgin 
Coal

Time of stirring (Hr) % of Ash Depletion
1 33.45
2 23.46

 
Conclusion
The study shows that coal beneficiation can be accom-
plished effectively with leachants containing HCl, HNO3 
and HF and there acid mixture19.  Extension of leaching 
time has no significant effect in either case. EDTA was also 
found to be a significant leaching agent. 
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