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Desulfurization of Mach Coal of Balochistan

by Leaching Method
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Abstract--Coal desulfurization prior to usage is frequently subjected to preprocessing to achieve clean fuel and reduce environmental
impacts. In this study, desulfurization of Mach coal of Balochistan was investigated with different leaching solvents. The solvents used
are NaOH and HNOsa. Effects of particle size and solvent weight% on sulfur removal were studied, whereas the leaching temperature
and the agitation time were kept constant. Desulfurization experiments were carried out for 12 samples of different composition based
on different particle size and solvent weight%b. Significant reduction in Sulfur was attained when the coal particle size of 10 Mesh was
used. The results indicated that Sulfur reduction was highest of 44.88% when HNOs was used as compare to NaOH which gave
maximum Sulfur reduction of 24.72%. Sulfur recovery was found to increase with increasing solvent concentration. Decreased
desulfurization was observed with larger coal particle size of 6 Mesh. Leaching process using variable solvent concentration was found

effective and could be inexpensive for desulfurization of coal.
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I. INTRODUCTION

I n Pakistan, the primary energy supply mainly comes from

coal and natural gas resources. The energy demand of the
country is growing and the expected growth rate over the past
five years was estimated at 7.4 % per annum [1]. Coal is
considered to be a major source of world energy. Commercial
and financial growth in the developing countries is leading to
increase in the demand for energy. Over the recent years, the
energy crisis of natural gas and rising prices of crude oil, the
country energy industries are focusing on speeding up the
development of coal based chemical industries. As an
alternative fuel, the coal based chemical industry can make a
substantial impact in the development of some of the
developing countries [2]. Concerning environmental issues in
the next twenty years, the energy resources may reduce the
pollution caused by the burning of coal. It will also lessen
dependence on oil and gas as energy source. In other words, due
to being readily available and inexpensive the demand in the
use of coal will increase [3]. During the burning of coal, nearly
90 % of the sulfur in the form of sulfur oxides (SOy) is released

into the atmosphere if not removed before utilization.
Furthermore, the release of SO, is considered one of the main
source of acid rain, which leads to the acidification of soils,
deforestation and surface water contamination [4]. Therefore,
the progress in the coal fired capacity without desulfurization
can lead to increasing fear about environmental concerns, such
as increased emissions of SO, particulates, and nitrogen oxides
(NOy) and trace elements.

Pakistan has appeared to be one of the leading country in coal
resources after the discovery of huge resources of lignite coal
located in Sindh and listed seventh in the top twenty countries
of the world [5]. It is important to note that the share of coal in
India is as high as 54.5% in the total energy mix [6]. Despite
the presence of huge reserves of coal, Pakistan is still facing
energy crisis because its coal potential is not being explored. To
meet the future requirements of the country with indigenous
resources, local exploration would have to be strengthened to
accelerate the share of coal from 5 to 25% by 2021 [7]. The
global SO, emission comes mainly from coal utilization where
coal fired power plants is considered as a major contributor.
Pakistani coal owns high sulfur and ash contents which limit its
utilization in several industrial applications, both in coals are
unsuitable for their effective use in liquefaction, gasification,
combustion, and carbonization purpose [8]. Combustion of high
sulfur content coal in thermal power plants release significant
amount of SO, which is due to the oxidation of sulfur present
in coal [9]. Sulfuric acid is formed due to the oxidation of the
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oxides present in the sulfur which may further result in the acid
rain.

The sulfur exists in organic and inorganic forms in the coal.
The inorganic forms of the sulfur present in coal are usually
sulfates and sulfides, where pyrite being as the major inorganic
sulfur in most coals. The inorganic sulfur components in the
coal are determined by the analytical methods and several
commercial methods exist for the removal of much of the
inorganic sulfur from the coal [10], [11]. The organic sulfur
present in coal is the macromolecular assemblies’ structures
and are not readily analyzed or separated without the
destruction of macromolecular network. A variety of analytical
methods have been developed for determining the inorganic
sulfur as a functional group of the coal. Some of these are
destructive tests depending on the oxidation to SO, catalytic
reduction to H,S or pyrolysis. However, numerous non-
destructive X-ray methods now offer to measure sulfur types
(thiophenic, aliphatic, aromatic) directly.

In Pakistan, the total sulfur content identified in the coal from

major coal fields are in the range of 0.5-10 Wt. % and high in
ash content [12]. Consumption of such high ash and sulfur
contents coal raises several environmental concerns. It is
therefore essential to desulfurize the coal before being utilized
[13]. Various physico-chemical and biological processes are
used for the desulfurization of coal. Physical methods, such as
froth flotation and magnetic separation can only eliminate a part
of pyritic sulfur but cannot reduce organic sulfur species. The
microbial method mostly used T. thiooxidans and T.
ferrooxidans bacteria, which only work with the removal of
inorganic sulfur and cannot reduce organic portion of sulfur
present in coal [14].
Present work aims to desulfurize the Pakistani coal from Mach
Balochistan by using chemicals under various solid loading,
particle size and acid/alkali concentrations. The temperature
and the process residence times were kept constant.

Il. MATERIALS AND METHODS

Coal samples collected from different mines at Mach coal
fields located in Balochistan province of Pakistan on random
basis. Initially the coal samples were placed inside the oven at
appropriate temperature for removal of excess moisture before
size reduction. Pure solvents of analytical grade were purchased
from Merck Aldrich and used.

A. Proximate analysis

Proximate analysis of the coal sample was calculated based
on the standard ASTM method [15]. The total sulfur in the coal
was determined by quantitative technique of “dynamic flash
combustion” [16]. Table 1 shows the complete results of
proximate analysis. The Sulfur content of the Mach coal is high
which is very important to be treated before utilizing in the
industry.

Table 1: Composition of Mach Coal

Component Composition
Ash % 11.47
Moisture % 8.52

Volatile matter % 34.60
Fixed carbon % 40.52
Sulfur % 6.15
Calorific Value(Btu/lb) | 11,736

B. Size reduction and size distribution

Jaw crusher was used to reduce the size of coal upto the
appropriate level. Vibratory Sieve shaker was used for size
distribution of coal to 6 and 10 mesh numbers.

C. Preparation of different concentration of HNO3z/NaOH
solutions

Three different concentrations (wt. %) of each solvent were
prepared using standard dilution method [17]. Solutions were
prepared by dissolving 5 gm, 15 gm, and 30 gm of NaOH and
HNOs in 100 milliliter of distilled water and mixed thoroughly.

D. Methodology

The stepwise methodology of the desulfurization of coal can
be seen at Fig. 1. Equal amount of crushed coal samples were
placed in the air tight bags. Different solutions of solvents were
prepared by diluting and mixing the coal in NaOH and HNO3
on electric heating plate with magnetic stirrers. The prepared
coal samples were treated with different concentration of NaOH
and HNOj solvents at 90 °C and 30 minutes residence time.

Coal sample collection

1l

Size reduction and
distribution

Selection of particle size

HNO; as leaching agent NaOH as leaching agent

-I
-I

Leaching of 6 Mesh and 10 Mesh coal Leaching of 6 Mesh and 10 Mesh coal
size with 5, 15, 35 Wt. solution of HNO; size with 5, 15, 35 Wt. solution of NaOH

I I

‘ Leaching at 90°C for 30 minutes duration ‘

Filtration and drying
l

Sulfur
removal

Figure 1. Methodology of this study

I11. RESULTS AND DISCUSSION

The details of prepared samples under various process
conditions are given in the Table 2-4.

Table 2. Process parameters

Sample | Acid/ Particle | Weight | Weight Temp. | Time
Alkali | size, of Coal | % (°C) (min))
Mesh | (g) (g/100ml)
1 HNO; | 6 10 05 90 30
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2 HNO; 6 10 15 90 30
3 HNO3 6 10 30 90 30
4 HNO; 10 10 05 90 30
5 HNO; 10 10 15 90 30
6 HNO3 10 10 30 90 30
7 NaOH 6 10 05 90 30
8 NaOH 6 10 15 90 30
9 NaOH 6 10 30 90 30
10 NaOH 10 10 05 90 30
11 NaOH 10 10 15 90 30
12 NaOH 10 10 30 90 30

Table 3. Removal of Sulfur with different particle size and
HNO; concentration

cremica | S0 et | D | T | Boon
Mesh % Sulfur% | %
HNOs 6 5 6.15 5.37 12.68
HNOs 6 15 6.15 5.11 16.91
HNOs 6 30 6.15 4,77 22.44
HNOs 10 5 6.15 4.6 25.20
HNO3 10 15 6.15 4.08 33.66
HNO3 10 30 6.15 3.39 44.88

Table 4. Removal of Sulfur with different particle size and
NaOH concentrations

. Particle . Initial After Sulfur
ih:mlcal size, :)l/Velght Sulfur Leaching | Reduced
9 Mesh 0 % Sulfur % | %
NaOH 6 5 6.15 5.72 6.99
NaOH 6 15 6.15 5.58 9.27
NaOH 6 30 6.15 5.39 12.36
NaOH 10 5 6.15 53 13.82
NaOH 10 15 6.15 5.01 18.54
NaOH 10 30 6.15 4,63 24.72
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Figure 2. Effects of HNOs concentration and particle size on Sulfur
removal.
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Figure 3. Effects of NaOH concentration and particle size on Sulfur
removal

The effects of solvent concentration of HNO3z; and NaOH,
and particle size of coal on Sulfur removal can be seen in the
Fig. 2 and 3, respectively. The temperature and the residence
time of leaching were kept constant. The observed values
indicate that the Sulfur removal increases with increase in
HNO; and NaOH with 6 and 10 Mesh particle size of the coal.
The sulfur removal with increasing HNOs; Wt.% was observed
12.68-22.44% and 25.20-44.88% with 6 Mesh and 10 Mesh,
respectively. The use of increasing NaOH Wt.% resulted in
sulfur removal of 6.99-12.36% and 13.82-24.72% with 6 Mesh
and 10 Mesh, respectively.

Among the tested samples, highest sulfur removal was
observed of 44.88% with 10 Mesh size using 30 Wt.% HNOs,
where it remained maximum of 24.72% with 10 Mesh size
using 30 Wt.% NaOH. It can also be observed that the percent
removal of Sulfur was on higher side for the particle size of 10
Mesh as compared to 6 Mesh with both of the solvents. Similar
trends were observed in previous work conducted by [14], [17].

Generally the results indicate that the Sulfur removal
increases with decrease in the particle size of the coal, whereas
the use of HNOj3 as leaching solvent gives much better results
in terms of Sulfur reduction compared to the NaOH solvent.
The NaOH when treated with H,S; gave much better results
(54% Sulfur reduction) in a previous work [18]. The trend of
increase in the Sulfur reduction with decrease in coal size may
give better results when the particle size of the coal will be
reduced to higher mesh number.

I\VV. CONCLUSION

In the present work, the effects of HNOs; and NaOH as
leaching agents, concentration of HNOs; and NaOH, and
particle size of coal were investigated on % sulfur removal. The
results indicate that the removal of inorganic Sulfur from coal
can be optimized with NaOH and HNO; (as an oxidizing
reagent). The results indicated that the effects of the leaching
agent, leaching solvent weight % and particle size of the coal
on the removal of sulfur are significant. Sulfur recovery
increases with increasing leaching solvent weight %. Sulfur
removal was achieved highest at 44.88% with 30 wt. % HNO3
and 10 Mesh coal size. Sulfur removal was on higher side with
10 Mesh size compared to 6 Mesh size coal particles. This
higher sulfur removal with smaller particle size of coal can be
associated to higher interfacial and contact area between solid
and liquid.
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From this study the following finding may be concluded:

e HNO; desulfurized the coal more efficiently as
compared to NaOH.

e The acid/alkali Wt. % increases the desulfurization
removal efficiency.

e The smaller the nparticle size, the greater the
desulfurization efficiency.

e NaOH was not found effective for greater sulfur
removal.
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