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ABSTRACT

The Thar Coalfield is located in the Sindh Province of South East Pakistan some 400km east of Karachi. It is world’s
largest coalfield which is now being studied from Coalbed Methane resources point of view. Thar coal was deposited in
Domain to Mountain/Bara Formation of Paleocene to early Eocene age. The pore diameter in coal helps tounderstand
the formation Coalbed Methane. The studies conducted for Thar coalfield shows that coal has dual porosity, as some
coal seams have nearly micropores or meso-pores, while other seams possess meso pore, on the basis of pore micropore,
pore volume is also determined that shows that the samples from Thar coalfield pore volume vary between 0.06 and 2.36
cc/g. For the determination of adsorption capacity of methane, surface area of pores in coal is also calculated which
shows that investigated coal has low values of surface area in coal. The investigation shows that, the Thar coal has
smaller size of pore, therefore metane will diffuse in these pores, and based on surface area results it shows that the Thar

coal has low adsorption capacity.
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INTRODUCTION

Coal is complex hydrogenous mixture of organic and
inorganic components. It has network of cleats and pore
structure, which play a very important role in absorbility
and flowability of coalbed methane (CBM). Thar
coalfield is the seventh largest coalfield of Pakistan;
presently it has divided into twelve blocks, out of these
twelve blocks one coal block has leased out to a research
group for probable occurrence of CBM, but in this regard,
research on pore characteristics, i.e. pore diameter, pore
volume and surface area of the coal must be conducted.
As pore structure of coal is closely related to the
absorbability and flowability of coalbed methane
(Siddiqui et al., 2010). The entire Thar coalfield is located
between latitudes 24°15' N and 25 ° 45' N and longitudes
69° 45' E and 70° 45' E (Survey of Pakistan topographic
sheet Nos. 40 L/2, 5 and 6) situated in District Tharparkar
of south-eastern Pakistan (Fig. 1). It is the world’s
seventh largest coalfield of Pakistan having an area of
about 9100 square kilometres (Ghaznvi, 2012). It has
north-south length of 140 km and east-west width of 65
km. The resource potential of this single coalfield is about
175 billion tonnes (Jaleel et al., 2002). In Thar coalfield
about sixteen coal seams of various thickness and depth
are found (Fig. 2). Geologically, these blocks have
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covered with sand dunes. The age of the coal bearing
Formation is Domain to Mountain/Bara Formation of
Paleocene to early Eocene age.

Thar coal lie at the depth between 130 and 250 meters.
There are number of coal seams of varying thickness
ranging from 3 meters to 21 meters at average depth of
170 meters. Bara Formation is overlaid by the sub-recent
to recent deposits, comprising interbedded carbonaceous
sandstone, siltstone, and claystone upto 65 meters thick,
at the depth of of 52-125 meters. The recent deposits are
overlain by Sub-Recent deposits consists of some 50
meters thick Sand Dunes, of fine to medium grained,
containing sub-rounded and moderately sorted grains of
ferromagnesian minerals (Akhtar et al., 2003).

The cumulative thickness of coal varies between 7.5 to 36
meters and maximum thickness of coal seam in Thar
coalfield is 23 meters. The Domain/Bara Formation is
some 95 meters thick consisting of sandy/silty claystone
and sandstone Formation, overlying at the depth of 100 to
220 meters (Table 1).

The basement rock is light grey, weathered, medium
compact granite containing fine to coarse quartz grain
(Rizvi, 2011). The overlying Bara Formation consists of
layers of light grey to brown colored carbonaceous clay
stone, sandy clay stone, and silty clay stone, the clay
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Fig. 1. Map showing location of Thar coalfield, Pakistan.

stone is olive grey to dark grey in color, containing pyritic MATERIALS AND METHODS

resin globules and petrified coal roots (Masood and Khan,

1999; Fauzia et al., 1997). The chemical analyses of the  Area of study

coal in investigated blocks-VII, VIII and X is displayed in ~ The investigated block-V1I, known as Dhaklo block is

table 2 (Govt. of Sindh, 2013). located between Latitude 24° 38 33" N and 24°50 38N,
longitude 70°11°11”’E and 70°20'11" E in the survey of
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Pakistan topographic sheet Nos. 40 L/1 and L/5. In this
block dune sand was thinnest in, reaching upto the depth
of 54.76 m. The total estimated coal reserves are 2175.78
million tones. The block-VIII called as Khario Ghulam
Shah block, is approximately located Latitude 24°37 00"
N and 24° 42" 23" N, longitude 70° 22" 30" E and 70° 28’
30" E in toposheet No. 40 L/6. The sand dunes in this
block are longitudinal ranging in relief from tens of
meters to the hundreds of meter. The total estimated coal
reserves are 2947.8 million tones. The block-X, known as
Mithrio Soomro, is located between Latitude 24°30 00" N
and 24°36°00" N, longitudes 70°06 00 E and 70°13 00"
E in Survey of Pakistan toposheet No. 40 L/6. The total
estimated coal reserves in this block are 2871million
tones.
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Fig. 2. Showing well logs of investigated coal blocks and
their coal seam number.

Methodology

A total six core drill samples were obtained from the
drilling site and field core library of Sindh coal authority,
Government of Sindh. The samples were dried in oven at
105°C for 24 hours for removing surface moisture and
grinded. Barret-Joyner et al. (1951) method was applied
for the determination of total pore volume, by using
nitrogen adsorption/desorption method at 77.4 k.
Quntachrome Nova 2200e surface area analyzer
instrument with NOVAWin PC based program was used
for the operation of instrument as method described by
Yao and Liu (2002) and Singh et al. (1985). The sample

was out gassed at 100°C for 2 hours; the adsorption and
isotherm at 77.4 k were measured over relative pressure
intervals from 0.100/0.100. The surface area and
micropore volume were calculated using Dubinin and
Radushkevich (1947) method.

RESULTS AND DISCUSSION

In coal nitrogen, methane and carbon dioxide gasses
occur as either in free state, or in a physically absorbed
phase, within the highly porous adsorptive peat matrix as
macro, meso and micropores. Methane (CH,) is generated
in coal as primary or secondary biogenic gas, which is
generated and entrapped within coal macromolecules
(SanFilipo et al., 2000). The absorbability and flowability
of coalbed methane in coal depends upon the pore
diameter, pore volume and pore surface area, as case of
methane adsorption, it is assumed that little gas may store
in adsorbed state in coals with meso and macropores
(Clarkson and Bustin, 1999). In coal pores having
diameter < 20 A is known as micro-pore, pores ranging
between 20 A - 500 A diameter are termed as meso-pore
and macro-pores are those having >500 A diameter
(IUPAC, 1982). Table 3 shows that coal in Thar coalfield
has dual porosity, the seam two and three of block-X has
nearly micropores or meso-pores of 72.29A and 34.81A
diameter, while in seam six of block VII, VIII and seam
one of block-X has the pore of diameter 118.15A,
116.39A and 120.39A, respectively (Fig. 3). In it is
assumed that little CH, may had been stored in adsorbed
state, and seams having coal that possess meso- and
macropores may serve as transport pathways.
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Fig. 3. SEM image showing micropores in Thar coal.

The desorption, diffusion and seepage of methane
depends upon the mutual interaction among gas, water
and coal matrix or cleat porosity (Siddiqui et al., 2014).
Whereas, the flow velocity of CBM be influenced by the
combined action of diffusion. Table 3 displays that coal
from Thar have pore diameter, smaller than the average
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Table 1. General stratigraphic sequence of Thar coalfield.

Formation Age Thickness Lithology
Dune Sand Recent 14m to 93m Sand, Silt and Clay
.............................. Unconformity
Alluvial Deposits Sub Recent 11m to 209m Sandstone, Siltstone, Clay stone, mottled

(variable)
.............................. Unconformity
Bara Formation Palaeocene to +52m Claystone, shale, sandstone, coal,
Early Eocene (variable) carbonaceous clay stone

................................. Unconformity
Basement Complex Pre-Cambrian Granite, quartz and diorite

Table 2. Chemical analyses of investigated blocks of Thar coalfield.

Weighted Avera_ge chemical analyses Block VII Block VIII Block XI
As Received values %
Moisture 48.27 49.57 48.99
Ash 8.03 7.78 6.35
Sulphur 1.16 1.44 1.17
Fixed carbon 19.56 18.10 14.0
Voaltile matter 25.30 24.32 30.60
Heating value MJ/kg 5.74 5.59 5.11

Table 3. Porosity in Thar coal.

Block/Seam No _ BJH Pore size distribution Adsorption
' Pore diameter A Pore volume cc/g Surface area m?/g
VII/ 6 118.15 2.36 789.75
VII/6 116.39 2.29 785.51
X/1 120.39 1.18 394.84
X/2 72.29 0.13 84.48
X/3 34.81 0.06 44.65

free path of methan molecule, i.e. 530 A therefore
diffusion of methane might take place (Zucrow and
Hoffman, 1976). Coal from coal seam 2 and 3 of block-X
of Thar coalfield has pore diameter 72.29 A and 34.81 A,
whereas, molecular diameter of methane is 3.25 A, this
indicates that in this case Knudsen or surface or solid
diffusion may occur (Do, 1998).

FU et al. (2005) has classified as pores on the basis of
diffusion characteristic, and seeping of CBM, as seeping
pore and diffusion pores, if the pores are >950 A. As per
classification proposed by FU et al. (2005) the pore
diameter data displayed in table 3 shows that all pores of
Thar coal fall in the category of diffusion pores. These
diffusion pores are further, classified as micropore, if the
diameter of pore is smaller than 80A, and the pore
diameter ranging between 80 A and 200 A, are termed as
transitional pores and minipores are those having
diameter between 200A and 650A. The micropores are
dominated by surface diffusion, while minipores are
mainly Knudsert diffusion. The figures of block VII

(seam 6), VIII (seam 6) and X (seam-1), indicated that
mixed diffusion or surface diffusion and Knudsen
diffusion may take place.

Because of microporosity in coal, methane is supposed to
be stored in adsorbed form, and micrpore volume has the
primary control upon high-pressure gas adsorption
(Clarkson and Bustin, 1999). In seam three and two of
Block-X the pore volume is 0.06 and 0.13 cc/g, whereas
the pore volume increases from 1.18 cc/g to 2.36 cc/g, in
seam one of block-X and in seam six of block VII and
VIl (Table 3). The mechanism of micropore volume,
primarily depends upon the gas retention in coal as well
as adsorption on internal surface area.

The surface area is principally, linked to the pore size
distribution in coal (Siddiqui et al., 2011). In general,
surface area gradually increases with decline of pore size.
The retention capacity of methane depends upon the
adsorption of methane molecule on large surface area,
which also depends upon the development of cleats
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matrix porosity. For the determination of surface area, D-
R equation is applied. The surface area in coal samples
from Thar coalfield vary from 44.65 m?/g to 789.75 m?/g
(Table 3).

CONCLUSION

The pore diameter in coal is the foundation for the study
of Coalbed Methane. The pore, diameter study shows that
Thar coalfield has dual porosity, the samples from seam
two and three of block-X has nearly micropores or meso-
pores of 72.29A and 34.81A diameter, while in seam six
of block VII, VIII and seam one of block-X has the pore
of diameter 118.15A, 116.39A and 120.39A
correspondingly. This reveals that because of smaller size
of pore, diffusion of methane molecule will take place.
The result also shows that the Thar coal has meso-pores
of 34.81A and 72.29A, and these pores will work as
transitional pore. Pore volume is related to the
micropores. Based on pore volume study in coals of Thar
coalfield, it is concluded that in Thar coal pore volume
vary between 0.06 and 2.36 cc/g. The surface area can
control adsorption capacity of methane, the low values of
surface area in coal samples of Thar coalfield, reveals that
this coal has low adsorption capacity.
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