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Abstract

This work illustrates the proximate analysis on three types of coal samples obtained from Khushab

mines in Pakistan. Analysis of the coal matrix was carried out to determine volatile matter, ash contents,

moisture, fixed carbon contents, calorific values, and sulfur contents as per standards of American Society
for Testing and Materials (ASTM). The results of proximate analysis show 30.46% fixed carbon content,
28.08% ash content, 6.96% total moisture content, and 34.5% volatile matter within sample A, whereas
40.56% volatile matter, 8.03% moisture content, 8.32% ash and 30.46% fixed carbon content was found

in sample B. Sample C contained 15.44% volatile matter, 9.16% moisture content, 40.64% ash content,

and 37.5% fixed carbon content, respectively. Sample B has higher calorific value and sulphur contents in

comparison to A and C. These coal samples are of good quality from an industrial prospective, but they

need to be desulphurized prior to industrial use for the sake of the environment.
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Introduction

Emissions of hazardous materials like methane,
carbon monoxide, sulphur, and coal dust during the
mining process posed severe environmental problems [1-
4]. Non-implementation of environmental standards is a
major cause of these enhanced effluents. The incidence of
sulphur in the coal matrix is responsible for acidic contents
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of underground water. Effective greenhouse gases
released into the air are a major source of global warming
and acid rain. Negative changes to the environment
caused by the coal mining process include severe damage
to waterways due to the sulphurous contents of mined
material. The concerns of such activities have resulted
in the alteration in atmospheric settings that eventually
affect climatic conditions globally [5-20].

The composition and structure of coal consists of
carbon mixed with hydrogen-containing impurities.
The presence of benzene tri-, tetra-, and complex
waxy material indicates the preponderance of aromatic
structures. The topological indices are often used to model
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the physicochemical properties of chemical compounds
(coal) in quantitative structure-property relation (QSPR)
and quantitative structure-activity relation (QSAR)
studies [19-21]. The advantage of topological indices
is that they may be used directly as simple numerical
descriptors in a comparison with physical, chemical,
or biological parameters of molecules in QSPR and in
QSAR. For example, the Wiener index [22] correlates
well with many physicochemical properties of organic
compounds and as such has been well studied over the
last quarter of a century. Reverse Wiener index [23] is
used to produce QSPR models for hydrocarbon molar heat
capacity. Coal is classified or ranked (Table 1) in various
categories according to degree of metamorphism of plant
material. Metamorphism reduces moisture, hydrogen,
and oxygen content while enhancing the percentage of
carbon content.

Proximate analysis is frequently wused for
characterizing coal in connection with their utilization.
A typical proximate analysis includes the moisture,
ash, volatile matter, and fixed carbon content. Moisture
content affects the energy value of the coal as an increase
in moisture content decreases the calorific value of the
coal [24]. Ash content represents the bulk mineral matter
after carbon, oxygen, sulfur, and water have been driven
off during combustion [25].

Volatile matter in coal refers to the components of coal
(except for moisture) that are liberated at high temperature
in the absence of air. It is derived from organic and
mineral matter in coal. These contents determine the
combustible ability of coal samples. During combustion
of coal samples, mineral matter ignites to generate
combustible volatiles, thus affecting the performance of
coal, whereas organic matter upon combustion liberates

Table 1. ASTM classification of coal (modified after Wood et al. [26]).

products such as oils, oxides of carbon, hydrogen, tar, and
hydrocarbon gases. Fixed carbon content of the coal is the
carbon found in material that is left after volatile matters
are driven off. The value of fixed carbon contents is only
useful when we compare the different qualities of coal.

The presence of sulphur in coal causes significant
environmental hazards and serious problems in its
utilization [27]. It is present in both organic and inorganic
form, the former being more probable to be structurally
integrated into a macromolecular organic matrix for
fuels [28]. The organic form has a greater proportion of
thiophenic Sulphur, which degrades slowly and becomes
carcinogenic more than polyaromatic hydrocarbons and
nitrogenous compounds [29-30].

Anthracite is the highest metaphorrphically ranking
coal consisting of 87% carbon contents on a dry ash-free
basis. It is also known as hard coal and is characterized
by brilliant luster, and is hard and shiny in appearance.
Anthracite is further subdivided into semi-anthracite,
meta-anthracite, and anthracite on the basis of carbon
contents [31-32]. Bituminous coal is the highest ranking
coal, consisting of 15-20% (w/w) volatile matter and is
known as soft coal. It has heating value much higher than
that of lignite or subbituminous coal. It has carbon contents
of 77-87% on dry ash free basis. On the basis of heating
values, it is further subdivided into sub-bituminous A, B,
and C ranks. It can be characterized as highly volatile,
medium volatile, or low volatile bituminous on the basis
of volatile matter contents.

Sub-bituminous coal is a glossy-black weathering coal
with increased level of metamorphism. Carbon contents
of sub-bituminous coal vary from71 to 77% on a dry ash-
free basis. Further sub-bituminous coal is classified into
three categories — A, B, C — on the basis of heating values

Fixed Carbon Contents (%) Volatile Matter (%) Calorific Value (KJ/Kg)
Class Group
> < > < < <
Meta-anthracite 96 2
Anthracite Anthracite 92 98 2 8
Semi-anthracite 86 92 8 14
Low Volatile 78 86 14 22
Medium Volatile 69 78 22 31
Bituminous High Volatile A 69 31 32,600
High Volatile B 30,200 32,600

High Volatile C

26,700 30,200

Sub-bituminous A

24,400 26,700

Sub-bituminous Sub-bituminous B

22,100 24,400

Sub-bituminous C

19,300 22,100

Lignite A

14,700 19,300

Lignite

Lignite B

14,700
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[33]. Lignite is a brownish-black woody-structured coal
and is lowest in rank, sometimes characterized with plant
structure. On a free dry ash basis it has carbon contents
between 60% and 70%. Lignite is further subdivided in to
two groups: lignite A, ranging from 6,300 to 8,300 BTUs
and lignite B, with less than 6,300 BTUs [33]. According
to ASTM, coal is classified as high or low rank on the
basis of its calorific value (CV). It is a measure of heat
produced per unit mass of material during combustion and
is termed as enthalpy of combustion or specific energy.
Calorific value is associated with bond energy between
the atoms and is accurately determined from elementary
composition [34].

Materials and Methods

The coal samples were passed through a 250 pum
(60-mesh) sieve and moisture content was determined by
measuring weight loss of the sample. The 1 g coal sample
is maintained under controlled conditions in an inert
environment at 107+3°C for about one hour according to
the ASTM D-3173 [35] method for moisture analysis in
the sample of coal and coke. 1 g of coal sample is passed
through pre-weighed platinum crucible with a close-
fitting cover was suspended in a furnace chamber at a
specific height as per ASTM D-3175 [36]. In the furnace
chamber the temperature of the furnace was maintained
at 950+20°C. The rapid discharge of volatile matter was
evidence by the disappearing luminous flame, which in
turn causes the lid to uncover against the pressure of air
inside so that it must be sealed properly. After heating for
seven minutes the crucible was removed from the furnace
and subjected to cooling. The crucible should be weighed
as soon as it is cold. The percentage moisture subtracted
from the percentage loss of weight gives us the volatile
matter. According to the ASTM D-3174 [37] standard test
method, mineral and ash contents in coal samples were
determined by heating at temperatures in the range 700
to 750°C for four hours.

After the removal of volatile matter, moisture and
ash contents the left over solid combustible material in
coal represents fixed carbon value. It is a measure of the

Table 2. Proximate analysis for coal samples A, B, and C.

solid combustible material that remains after the volatile
matter in coal has been removed. Fixed-carbon values
were analyzed on the basis of dry, free mineral matter
according to ASTM D-388 [38]. A bomb calorimeter was
used to estimate calorific values of coal using ASTM
D-2015 [39], and the Eschka method (ASTM D-3177)
[40] was used to determine total sulphur content. 1 g of
coal sample was thoroughly mixed with 3 g of Eschka
mixture, which is a combination of two parts by weight
of light calcined magnesium oxide with one part of
anhydrous sodium carbonate. The combination was
placed in a porcelain crucible (30 mL) and covered
with another gram of Eschka mixture. The crucible was
placed inside a muffle furnace for oxidation at 800+25°C.
During combustion liberated sulfur compounds react
with magnesium oxide and sodium carbonate, and under
oxidizing conditions are retained as magnesium sulfate
and sodium sulfate. The sulfate in the residue is extracted
and determined gravimetrically.

Results

Proximate analysis was employed for evaluation
and complete characterization of coal samples. Figs
1(a-c) show proximate analysis in terms of the weight
percentages of ash contents (AC), fixed carbon contents
(FCCQ), total moisture content (TMC), and volatile matter
(VM). Samples A, B, and C showed moisture content,
which was 6.96 %, 8.03%, and 9.16%, respectively, of
total sample weight. Sample A showed lower moisture
content. Volatile matter in samples A, B, and C by weight
of samples is 28.08%, 18.32%, and 15.44%, respectively.
The ash content for samples A, B, and C are in the range
of 34.49%, 40.56%, and 40.64%, respectively. Sample A
has a low value of ash content as compared to samples
B and C, and fixed carbon content can be calculated by
subtracting the amount of ash and volatile matter from
100. These are found in the range of 33.94%, 33.99%,
and 37.50% for samples A, B, and C, respectively. The
results of proximate analysis of samples A, B, and C are
given in Table 2. The calorific values of coal samples were
also evaluated for complete characterization. Sample C

Analysis Sample A (ar®) Sample B (ar) Sample C (ar)

Moisture content (wt. %) 6.96+0.14 8.03+0.16 9.16+0.18

Volatile matter (wt. %) 28.08+0.69 18.32+0.5496 15.44+1.22

Ash (wt. %) 34.49+0.56 40.56+0.81 40.64+0.15

Fixed carbon (wt. %) 33.94+0.68 33.99+ 0.68 37.5+0.75
Total sulphur content (wt. %) 3.49 7.13 6.42
Calorific values (cal/g) 6,253 5,730 5,099

Rank of coal Sub-bituminous C Sub-bituminous B Sub-bituminous A

“ar = as received basis (the samples were not processed — these are raw samples)
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Fig. 1. Proximate analysis of coal samples (TM: total moisture;
AC: ash content; VM: volatile matter; TS: total sulphur; FCC:
fixed carbon contents).

has maximum calorific value of 6,253 Cal/g of the coal
sample with the highest fixed carbon content. Sample B
has a higher fixed carbon value with a calorific value of
5,730 Cal/g less than C, whereas sample A has the lowest
calorific value of 5,099 Cal/g as compared to B and C.

Discussion

The basic idea behind the present research was
to analyze and characterize the quality of coal in the
area of Khushab District in Punjab, Pakistan. Previous
studies revealed that coal-burning properties depend
on coal quality, and that under different environment
conditions [41-48], the properties may vary. In the present

investigation the variation in moisture content, volatile
matter, fixed carbon content, calorific value, and sulphur
contents was observed in coal collected from different
locations in the Khushab area. The analysis was carried
out on an as-received basis. The calorific value of coal is
significantly affected by moisture content. The increase
in moisture content decreases the calorific value of coal
because considerable heat is required to evaporate the
moisture [24]. The less moisture content, the better coal
quality [49-50]. Sample A showed the lower moisture
contents compared to other samples. Samples B and C
showed that volatile matter contents are on the lower
side compared to sample A. The typical range of volatile
matter is 20-35%. Except for the moisture liberated at
high temperature in the absence of air, all components
of coal refer to volatile matter. The amount of volatile
combustible matter contributes to the heating value of
coal, and higher values indicate easy ignition of fuel.

High ash contents are not approved as they may cause
a deleterious effect on coal utilization processes. This may
cause a poisoning effect and passivate the catalyst [49, 51-
53]. Sample A has low value of ash content as compared
to samples B and C. Typically, ash content is found in
the range of 5-40%. High volatile matter and ash content
are significant for designing the furnace; combustion
volume, ash handling system, and pollution control. Fixed
carbon refers to the carbon present in a free state in the
coal matrix. Carbon contents of coal upon combustion
produce heating. The typical range for fixed carbon is 23-
67%. Coal samples were of low rank with high sulphur
content as the analysis results demonstrated in Table 2.
The typical sulphur content range is 0.15-4.67%. Sample
A has low sulphur content so it is considered better for
combustion processes, particularly from an industrial
point of view. The possibility of producing toxic oxides
will accordingly be reduced with low sulphur content [45-
48].

Sample B showed a high level of total sulphur content
near the possible limits reported (10%) of the sulphur
present in coal [55]. The calorific values of coal samples
were also evaluated for complete characterization. Coal
samples can be characterized by their calorific value
according to the ASTM-388 characterization chart of
coal, and proximate analysis showed that the values of
carbon contents lie on the lower sides. The fixed carbon
acts as a main heat generator during combustion [49, 54].
Therefore, it is important to study coal quality under
different environmental conditions, and it was observed
that quality was variable.

Sample A has maximum calorific value among coal
samples with the highest fixed carbon content, whereas
sample C has the lowest calorific value compared to B.
This is due to an increase in moisture content in samples
B and C. Calorific value characterized the coal into
ranking categories of A, B, and C according to (ASTM-
388) [38], with sample A ranked as sub-bituminous coal
in category C, whereas sample B is sub-bituminous coal
of rank B, and sample C is in the rank of sub-bituminous
A. Typically, calorific values of coal lie in the range of
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13.87-32.08 MJ/Kg. Implementation regarding calorific
value is not suitable for industrial applications because
it is not useful for plant equipment and the environment,
which is a serious issue [56-63].

Conclusions

Proximate analysis was performed to assess the
quality of coal obtained from Khushab mines in Pakistan.
For good coal quality, it should have low moisture, low
ash, high volatile material, high calorific value, and high
fixed carbon contents. The data revealed Sample A’s rank
in sub-bituminous class C, Sample B in sub-bituminous
class B, and sample C in class A. From the calorific value
it is observed that higher sulphur contents and fixed
carbon content were observed in sample B in comparison
with samples A and C. Sample A could be better
industrial fuel. It is concluded that all these samples must
be desulphurized prior to use for any industrial process.
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