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The coal seams of Sawang Colliery, East Bokaro Coalﬁelds are bituminous to sub-bituminous in
nature and categorized as high gaseous seams (degree II to degree III level). These seams have
the potential for coal bed methane (CBM) and their maturity increases with increasing depth, as
a result of enhanced pressure–temperature conditions in the underground. The vitrinite maceral
group composition of the investigated coal seams ranges from 62.50–83.15%, whereas the inertinite
content varies from 14.93–36.81%. The liptinite content varies from 0.66% to 3.09%. The maximum
micro-pores are conﬁned within the vitrinite group of macerals. The coal seams exhibit vitrinite
reﬂectance values (Ro% calculated) from 0.94% (sample CG-97) to 1.21% (sample CG-119).
Proximate analyses of the investigated coal samples reveal that the moisture content (M %)
ranges from 1.28% to 2.98%, whereas, volatile matter (VM%) content is placed in the range of
27.01% to 33.86%. The ash content (A%) ranges from 10.92% to 30.01%. Fixed carbon (FC%)
content varies from 41.53% to 55.93%. Fuel ratio variation shows a restricted range from 1.53 to
1.97. All the coal samples were found to be strongly caking and forming coke buttons.
The present study is based on the adsorption isotherm experiments carried out under controlled
P –T conditions for determination of actual gas adsorption capacity of the coal seams. This analysis
shows that the maximum methane gas adsorbed in the coal sample CG-81 is 17 m3 /t (Std. daf), at
maximum pressure of 5.92 MPa and experimental temperature of 30◦ C. The calculated Langmuir
regression parameters PL and VL range from 2.49 to 3.75 MPa and 22.94 to 26.88 m3 /t (Std. daf),
respectively.

1. Introduction
India is one of the largest coal-producing countries
in the world. The Gondwana and Tertiary sedimentary basins of India contain substantial coal
reserves of approximately 253 billion tones spread
in nearly 60 coalﬁelds (Patra et al 1996; Acharyya
2000, 2001; Dutt et al 2001; Das Gupta 2006). The
bituminous to sub-bituminous coal seams of these
vast coal reserves are ideal reservoirs for the generation and accumulation of CBM. The Damodar
Rift Valley in Jharkhand, Wardha Valley coalﬁelds in Maharashtra and Satpura, Sohagpur East,

Sonhat and Sohagpur West coalﬁelds in Madhya
Pradesh contain potential resources for CBM in
India (Shankaran and Bastia 1994; Narsimhan et al
1998). The presence of CBM has also been reported
from bituminous coal occurring in East Bokaro
Coalﬁelds, which includes the present study area
of Sawang Colliery (ﬁgure 1) (Kumar and Sahay
2001; Pophare and Varade 2004a).
The comprehensive geological assessment of coal
and lignite basins of India has revealed that about
20, 000 km 2 of these coalﬁelds is prospective area
for CBM exploration and exploitation. The estimated gas-in-place (GIP), i.e., CBM reserves were
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Figure 1.

Geological map of the East Bokaro Coalﬁeld showing Sawang Colliery.

placed at about 2000 to 2500 BCM with the recoverable reserve of about 800 BCM (Acharyya 2001;
Sharma and Sundaram 2001; Dutt 2007). The
exploration and economic exploitation of this huge
CBM resource will fulﬁll the future energy requirement of the country.
Since exploration of coal bed methane has gone
beyond coal mining areas into undeveloped coal
bearing basins, strategies of exploration require an
understanding of the factors leading to concentration and accumulation of methane in the coal
seams. These factors include depth and rank of
coal seams, reservoir P –T conditions, maceral composition of coal, proximate analysis and hydrological conditions prevailing in the area along with
data on adsorption and desorption capacity of
coal seams (Biswas 1995; Acharyya 2000, 2001;
Yenigalla 2006).
In general, during the early stages of coaliﬁcation
a large amount of CO2 is generated and in later
stages methane is generated (Rightmire 1984). The
yield of methane and adsorption capacity of coal
seams depend on its thickness, rank and maceral composition matrix (Higgs 1986; Levine 1987,
1991a, 1991b, 1992). The other parameters that
inﬂuence the gas sorption capacity of coal seams
are the amount of inorganic matter present, P –T
conditions, micro-pores, cleats and density of fracture system. The adsorption capacity of coal seams
increases with increasing pressure and decreases
with increasing temperature (Meisner 1984).
Adsorption of methane gas by coal seams and its
relation with maceral constituents is an extremely

important area of research for successful enhancement of its recovery from the coal seams. Various
mechanisms have been suggested for adsorption
of gases in coal seams, such as, compression as
free gas in the pore spaces, condensed as a solid
or liquid, dissolved in the coal structure and
adsorbed on the internal surface (Yee et al 1993).
Recently, high-pressure adsorption isotherm experiments have been carried out to determine the
adsorption capacity of various coals of diﬀerent
rank at variegated pressures (cf. Busch et al 2003,
2004, 2006). These experiments provide maximum
adsorption capacities of coal, leading to determination of actual gas content of the coal seams.
The highly gaseous nature of the coal seams
of Sawang Colliery, East Bokaro Coalﬁelds stimulated us to carry out the present investigations.
The actual gas adsorption capacity of coal seams
from the study area is determined by conducting
adsorption isotherm experiments on ﬁve coal samples under controlled P –T conditions. Whereas,
the total gas generated in these coal seams is
estimated by following the empirical equations
of Meisner (1984) and Kim (1977), these estimates are based on the proximate analyses of the
coal samples, which are then compared with the
actual gas content determined by the adsorption
experiments.
2. Geological framework
The Bokaro Coalﬁeld is situated in Hazaribagh and
Giridih districts of Jharkhand state. This coalﬁeld
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Table 1. Generalized stratigraphic succession of the East Bokaro Coalfield.
Age

Formation

Lithology

Lower Cretaceous

Intrusive

Lamprophyre and dolerite dykes and sills.

Upper Triassic

Supra-Panchet

Coarse-grained ferruginous sandstone, pebbly sandstone and red
clay (600 m).
UNCONFORMITY

Lower Triassic

Panchet

Greenish micaceous sandstone, buﬀ ﬁne-grained sandstone, red
and green shale (500–600 m).

Upper Permian

Raniganj

Medium-to-coarse grained calcareous, sandstone, ﬁne-grained
greenish sandstone, grey shale, carbonaceous shale and thin coal
seams (600 m).

Middle Permian

Barren Measure

Flaggy, ﬁne-grained ferruginous sandstone micaceous sandy
shale and black shale with siderite band (500 m).

Lower Permian

Barakar

Coarse-grained arkosic sandstone, ﬁne-grained laminated sandstone, grey shale, carbonaceous shale and coal seams (900 m).

Upper Carboniferous
to Lower Permian

Talchir

Tillite, greenish sandstones and needle shale.
UNCONFORMITY

Pre-Cambrian

Granite gneisses, amphibolites and Mica schist.

is a part of Damodar Valley Coalﬁeld in eastern
India, which is an important coal-producing area
of the country. This coalﬁeld has been divided
into two distinct zones, viz., East Bokaro Coalﬁeld (EBC) and West Bokaro Coalﬁeld (WBC)
by the Lugu hill massif (Dutt 1944–51; Kumar
and Sahay 2001). The EBC is the eastern half
of main Bokaro basin and exposes the complete
sequence of Gondwana sediments, which occurs for
more than 64 km along the E–W proﬁle and has
a width of 12 km (Dutt 1944–51). This coalﬁeld is
traversed by a number of faults resulting in the
formation of trough and horst structures (ﬁgure 1)
(Dutt 1944–51; Mukhopadhyay 1984; Kumar and
Sahay 2001).
The Sawang Colliery forms the northwestern
part of the EBC and is spread over an area
of 237 km2 . Its geographical location is marked
by latitude: 23◦ 47 40 N to 23◦ 48 28 N and longitude: 85◦ 50 37 E to 85◦ 51 50 E and included
in Survey of India Toposheet No. 73 E/13 (ﬁgure 1) (Kumar and Sahay 2001; Pophare and
Varade 2004a, 2004b). The coal-bearing sediments
of Sawang area has unconformable contact with the
underlying metamorphic rocks. The present study
was concentrated on 1.4 km2 area in the Sawang
south extension block. The coal seams are designated by the local name of places in the area such
as Jarangdih, Kathara-Uchitdih, Kargali, Bermo
and Karo groups of seams. The generalized stratigraphic succession of the East Bokaro Coalﬁelds
after Dutt (1944–51) and Raja Rao (1987) is shown
in table 1.

3. Coal seams of the study area
There are totally twenty-six coal seams in the
Sawang area; out of which eleven coal seams are
in Karo area and three in Kargali and Bermo
area (Kumar and Sahay 2001). In the present
study totally ﬁve coal seams, viz., Jarangdih-IV,
Jarangdih 6 feet, Jarangdih New, Karo-VIII and
Bermo seams are investigated.
3.1 Jarangdih-IV seam
The Jarangdih-IV seam is the second coal seam
of the Sawang south extension block. The depth
of this seam is approximately 95 meters below
the surface (mbs) with a thickness of 3.49 to
6.51 m (table 2). The top of Jarangdih-IV seam
consists of alternate grey to black shale and
sandstone sequences, whereas the bottom consists of ﬁne-to-medium grained sandstone and
alternate sequences of sandy shale to grey
shale.
3.2 Jarangdih new seam (Jarangdih-III)
The Jarangdih new seam occurs below Jarangdih-IV seam. This seam is approximately 65 mbs,
with the thickness of 2.09 to 4.74 m (table 2).
The top of the Jarangdih new seam consists
of carbonaceous shale to grey shale and alternate shale-sandstone sequences, while the bottom
consists of alternate sequences of sandy to grey
shale.
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Table 2. Details of coal samples studied.
Sample
no.

Name of the
seam

Depth
(mbs)∗

CG-81
CG-85
CG-97
CG-119
CG-121

Jarangdih 6 feet
Jarangdih new
Jarangdih-IV
Karo-VIII
Bermo

117
65
95
25
32

∗

Thickness
(m)
∼ 2 m (6 feet)
2.09–4.74
3.49–6.51
20–64
15–17

Type of
mining



Type of coal
sample collected
Channel
Channel
Channel
Channel
Channel

Under ground



Open pit

mbs – meters below surface.

3.3 Jarangdih 6 feet seam (Jarangdih-II)
The Jarangdih 6 feet seam occurs below Jarangdih
new seam. The approximate depth of this seam
is 117 mbs, with a thickness of 1.37 to 2.55 m
(table 2). However, the normal thickness of this
seam in the study area is less than 2 m (approx.
6 feet), hence it is termed as Jarangdih 6 feet seam.
The top of Jarangdih 6 feet seam encompasses
sandy shale with occasional alternate sequences
of ﬁne-to-medium grained sandstone and shale,
whereas bottom of the seam is mostly composed
of alternate sequences of shale and ﬁne-medium
grained sandstone with occasional occurrence of
sandy shale to carbonaceous shale layers.
3.4 Karo-VIII seam
The Karo group comprises of eleven coal seams,
which are developed towards the basal part of the
Barakar Formation. These seams are designated
from top to bottom as Karo-XI to Karo-I (down
the strata). Out of these eleven coal seams, Karo-X
is known as Karo Upper Major and Karo-VIII is
known as Karo Lower Major. The Karo-X seam has
a thickness of 8.5 to 16 m, whereas Karo-VIII seam
has a thickness of 20 to 64 m and occurs at a depth
of 25 mbs (table 2). The coal samples from the
Karo-VIII seam are studied in the present work.
3.5 Bermo seam
The Bermo seam is one of the important and thick
seams of the East Bokaro Coalﬁeld. In the study
area, the outcrop of Bermo seam can be traced for
approximately one km along the Konar River on
E–W proﬁle. Towards the west it is disrupted successively by normal and oblique faults. The Bermo
seam has a thickness of 15 to 17 m and occurs at
a depth of 32 mbs (table 2) (Pophare and Varade
2004b).
4. Methodology
Totally twenty coal samples were collected from
the ﬁve coal seams, viz., Jarangdih-IV, Jarangdih

Table 3. Maceral content of the coal samples.
Sample Vitrinite Inertinite Liptinite Mineral Ro Calc.
no.
(%)
(%)
(%)
matter
(%)
CG-81
CG-85
CG-97
CG-119
CG-121

69.02
65.75
83.15
62.50
71.70

30.32
31.16
14.93
36.81
27.61

0.66
3.09
1.94
0.69
0.69

10.56
11.75
17.70
14.62
10.97

1.15
1.18
0.94
1.21
1.11

Ro Calc. % – Vitrinite reﬂectance, calculated.

new, Jarangdih 6 feet, Karo-VIII and Bermo seams
from underground as well as open cast mines of
the Sawang Colliery of EBC. In the present work,
three samples from Jarangdih group of underground coal seams and one sample each from
Bermo and Karo group of surface to subsurface
seams were studied. The location of samples, name
of the seams, type of coal samples collected, depth
and thickness of coal seams are given in table 2.
Under megascopic studies, diﬀerent physical
properties and lithotype of coal samples are studied. The coal samples are black to brownish black
in colour, moderately hard, show vitreous to subvitreous lustre, sub-conchoidal to uneven fracture
with medium to high speciﬁc gravity. Vitrain and
clarain are the dominant lithotypes in these samples. Various cleat characteristics including cleat
intensity and cleat density conﬁned within diﬀerent litho types were studied on 5 × 5 cm block of
coal samples. Polished blocks and pellets of coal
samples were analysed for maceral group identiﬁcation and determination of maceral composition
along with micropores and cleat aperture distribution (Pophare and Varade 2004a, 2006). These
studies were carried out by following the standard
ICCP procedure (ICCP 1971) on the Leitz MPV-2
reﬂectance microscope, with ﬂuorescence attachment, at the Coal Petrology Laboratory of Indian
School of Mines (ISM), Dhanbad (table 3).
The coal samples were split and subjected
to proximate analysis, actual gas adsorption
isotherm studies and detailed petrography. The
ash, moisture, volatile matter and ﬁxed carbon
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Table 4. Proximate analysis of the coal samples, estimated methane gas and Langmuir parameters.
Sample
no.

M

VM (daf)

Ash

FC

Fuel
ratio

A

B

PL

VL

CG-81
CG-85
CG-97
CG-119
CG-121

2.98
2.01
2.61
1.45
1.28

28.31
27.72
33.86
27.01
29.34

12.78
19.67
10.92
30.01
18.26

55.93
50.60
52.61
41.53
51.12

1.97
1.82
1.55
1.53
1.74

40.87
43.85
15.56
47.52
35.82

17.00
16.50
16.10
15.80
16.10

2.86
3.75
2.49
2.92
2.70

24.94
26.88
22.99
22.94
23.36

All the samples are strongly caking and forms coke button. M – moisture content (%), VM – volatile
matter (%), FC – ﬁxed carbon (%), daf – dry and ash free basis, A – estimated volume of methane
generated (m3 /t) as per Meisner (1984), B – actual volume of adsorbed gas (Std. m3 /t, daf) during
adsorption experiment, PL – Langmuir pressure (MPa), and VL – Langmuir volume (Std. m3 /t, daf).

Table 5. Parameters for estimation of methane gas by Kim’s empirical equation.
Sample
no.

Vw /Vd

K

N

b

T (◦ C)

Pressure
(atm)

V
(m3 /t)

CG-81
CG-85
CG-97
CG-119
CG-121

0.57
0.66
0.60
0.73
0.75

7.18
7.06
6.84
6.83
6.99

0.30
0.30
0.30
0.30
0.30

0.17
0.21
0.21
0.21
0.21

33
32
32
31
31

11.23
6.24
9.12
2.40
3.07

4.43
2.84
3.40
1.19
2.00

contents were determined at the Fuel Engineering
Laboratory of Indian School of Mines, Dhanbad
(table 4).
The vitrinite reﬂectance (Ro%) is calculated by
using the formula given by Rice (1993), which is as
follows:
Ro% = −2.712 × log(VM) + 5.092.
The Ro% (calculated) values range from 0.94%
(CG-97) to 1.21% (CG-119) (table 3). The applicability of this formula is restricted to the particular
range of VM, i.e., 15% < VM < 40% (Rice 1993).
The VM% of the coal samples of Sawang Colliery
are within this limit (tables 3 and 4).
4.1 Estimation of methane content
The generation of methane gas depends on the
temperature, pressure and composition of coal
seams. Generally, with increasing depth and P –T
conditions, enhancement in the rank and maturity
of the coal is observed along with increase in carbon percentage. Proximate analysis of coal helps to
determine its rank and maturity. The CBM assessment of an area is primarily based on the above
parameters. Several workers gave empirical formulae for the estimation of CBM in the coal seams
depending on various parameters. Meisner (1984)
observed that the amount of methane gas (VCH4 )

is related to volatile matter, calculated on dry ash
free basis, by the following equation:


VM
VCH4 = −325.6 × log
.
37.8
The values of the amount of gas generated are
given in table 4.
Most of the gas in coal is adsorbed on the internal surface of micropores and varies directly with
pressure and inversely with temperature. The relationship between the volume of adsorbed gas with
pressure and temperature based on the moisture
and ash content of coal samples was estimated by
Kim’s empirical equation (Kim 1977), (table 5)
which is as follows:


(100 − M − A)
×Vw /Vd [K(P )N − b × T ],
V=
100
where, V = Volume of methane gas adsorbed
(cc/g), M = Moisture content (%); A = Ash content (%).
Vw /Vd =

1
(0.25 × M × 1)

where Vw = Volume of gas adsorbed on wet coal
(cc/g) and, Vd = Volume of gas adsorbed on dry
coal (cc/g).
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K = 0.8

FC
VM


+ 5.6

where FC = Fixed carbon (%); VM = Volatile
matter (%); N = Constant, depends on the composition of coal (for most bituminous coals,
N = 0.39 0.013 × K); and b =Adsorption constant
due to temperature change (cc/g/◦ C).
T = 2.5 ×

h
+ T0
100

where T = Temperature at given depth; T0 =
ground temperature; h = depth (m) (temperature
gradient for Sawang area of EBC is 2.5◦ C/100 m);
and P = pressure (atm) [(Phyd ) = 0.096 × h].
5. Adsorption isotherm studies
Adsorption is a reversible physical process, controlled by Vander Wall forces between the gas
molecules. With increase in temperature and
decrease in pressure the gas desorbs, whereas
increase in pressure and decrease in temperature
leads to increased adsorption on the internal surface of coal. The amount of gas adsorbed depends
on the following factors:
• Nature of coal (adsorbent).
• Nature of gas (adsorbate) e.g., CH4 , CO2 and
other gases.
• Total surface area of pores and cleats available
(micro porosity of adsorbent).
• Pressure and critical temperature of adsorbate
and adsorbent.
• Moisture, ash content and oxidation state of
coal.
Adsorption of gas in the coal seams takes
place by two modes. Initially, the gas gets
adsorbed on the pores and cracks of the surface and subsequently penetrates and accumulates within the internal structure of coal. The
ﬂow rate of gas is determined by the pressure
diﬀerence, Prock –Pwellbore , whereby Prock usually
equals the hydrostatic pressure (if no overpressure). The adsorption isotherm experiment reveals
maximum methane gas adsorption capacities of
coal samples, at variable pressures under constant
temperature.
5.1 Experimental setup
The adsorption experiment was carried out at Central Mining and Fuel Research Institute (CMFRI),
Dhanbad, on crushed coal sample particles that

pass through a 60 mesh screen. The moisture and
ash content was obtained by proximate analyses
of the original coal sample to correct the adsorption data to a standard dry and ash free basis. The
instrument details and the analytical procedures
were given by Beamish and Crosdale (1995); Crosdale et al (1998); Mazumdar and Varma (1999);
Varma and Mazumdar (2001).
The experimental setup of adsorption isotherm
consists of water bath, control panel, sample cells,
reference cells and vacuum pumps. The water bath
was used to maintain isothermal conditions. The
control panel regulates ﬂow of gas to the sample and reference cells and monitors gas pressure.
The determination of the isotherm involves determination of dead/void volume and determination
of adsorption isotherm.
The sample cell was ﬁlled with 100 g of coal
sample and attached to the main apparatus. This
cell was initially kept at atmospheric pressure. The
dead volume of the apparatus was determined by
evacuation and then ﬁlling the reference cell with
helium and allowing it to equilibrate. The helium
gas was then admitted into the sample cell and
the dead volume was calculated by the drop in
pressure between the sample cell and reference
cell.
After determination of dead volume, the apparatus was again evacuated for determination of
adsorption isotherm. Subsequently, methane gas
was added to the reference cell, allowed to equilibrate and then admitted into the sample cell by
positive displacement mercury pump. The experiment was run by injecting additional volume of
methane gas at progressively increasing pressure
ranging from atmospheric pressure to pressure
exceeding initial reservoir pressure. The initial
and ﬁnal pressures of both the cells were noted
(table 6). The amount of gas adsorbed by the coal
sample was measured by the drop in pressure during pressure equilibration, which occurs after each
pressure increase. The experimental temperature
was kept constant at 30◦ C (table 6).
Results of the adsorption isotherm studies,
input pressure and output adsorbed gas content
of individual coal samples are given in table 7.
The methane adsorption isotherms at standard
experimental P –T conditions, for the individual
coal samples (on dry and ash free basis, daf),
against variable pressure are shown in ﬁgure 2.
It is seen that the gas adsorption capacity of
coal samples increases with increasing pressure.
The maximum amount of methane gas adsorbed
is observed in sample CG-81 (V = 17 m3 /t, daf,
at a pressure of 5.95 MPa) and the minimum
amount of gas adsorbed is found in sample CG-119
(V = 15.80 m3 /t, daf, at a pressure of 5.53 MPa;
table 7).

1

4

1

3

4

CG-81

CG-85

CG-97

CG-119

CG-121

30.0

30.0

30.0

30.0

30.0

Temperature
(◦ C)

16.043

16.043

16.043

16.043

16.043

Molecular
weight

0.3916

0.3916

0.3916

0.3916

0.3916

Density1

322.0

322.0

322.0

322.0

322.0

Reference
cell
volume
(cc)

162.5

162.5

162.5

162.5

162.5

Sample
cell
volume
(cc)

86.1

85.2

89.1

86.3

88.3

Weight
(g)

1.39

1.43

1.55

1.38

1.40

Density
(g/cc)

61.7

59.5

57.4

62.7

63.1

Volume
(cc)

Sample

69.3

58.4

77.0

67.6

67.6

Organic
weight
(daf, g)

422.8

425.0

427.1

421.8

421.4

Dead
volume

4.258

4.275

4.252

4.076

4.080

2A

2

3.222

3.217

3.190

3.092

3.104

2B

03.20

05.70

07.70

09.50

10.90

12.10
13.10

14.30

15.30

16.10

16.60

17.00

0.33

0.85

1.37

1.86

2.37

2.89
3.37

3.90

4.42

4.91

5.41

5.92

0.051

0.050

0.048

0.046

0.043

0.036
0.039

0.033

0.028

0.023

0.017

0.009

M

0.347

0.325

0.305

0.288

0.272

0.238
0.257

0.217

0.195

0.178

0.148

0.104

P/V

5.91

5.42

4.93

4.43

3.91

2.90
3.38

1.87

1.88

1.38

0.87

0.35

P

16.50

16.10

15.50

14.80

13.80

11.40
12.70

10.00

08.30

06.80

05.00

02.90

V

M

0.045

0.044

0.042

0.040

0.037

0.031
0.034

0.027

0.022

0.018

0.013

0.007

CG-85

0.358

0.336

0.317

0.299

0.283

0.253
0.265

0.238

0.226

0.203

0.173

0.121

P/V

5.93

5.39

4.92

4.42

3.91

2.91
3.38

2.36

1.87

1.36

0.89

0.37

P

16.10

15.90

15.40

14.80

14.10

12.40
13.20

11.00

09.60

07.60

06.00

03.40

V

M

0.050

0.049

0.047

0.046

0.044

0.038
0.041

0.034

0.029

0.023

0.018

0.011

CG-97

0.368

0.338

0.319

0.298

0.277

0.234
0.256

0.214

0.195

0.179

0.147

0.109

P/V

5.93

5.39

4.92

4.43

3.92

2.92
3.39

2.36

1.87

1.38

0.91

0.39

P

P – Pressure (MPa), V – Volume of methane gas adsorbed (Std. m3 /t, daf), M – Moles of methane gas.

V

P

CG-81

Table 7. Adsorption isotherm data at variable pressure.

15.80

15.40

15.00

13.30

12.60

11.20
12.20

09.80

08.10

07.10

05.60

03.50

V

0.037

0.036

0.035

0.031

0.029

0.026
0.028

0.023

0.019

0.016

0.013

0.008

M

CG-119

0.375

0.349

0.328

0.332

0.310

0.260
0.277

0.240

0.231

0.193

0.162

0.110

P/V

5.94

5.40

4.93

4.44

3.93

2.92
3.39

2.37

1.89

1.38

0.90

0.39

P

16.10

15.70

15.20

14.20

13.70

12.30
13.30

10.80

09.50

07.30

05.90

03.20

V

M

0.045

0.044

0.042

0.039

0.038

0.034
0.037

0.030

0.026

0.020

0.016

0.009

CG-121

0.368

0.343

0.324

0.312

0.286

0.237
0.254

0.219

0.198

0.188

0.152

0.121

P/V

– Density in adosrbed state (g/cc), 2 – Input Helium gas pressure for dead volume, 2A – Initial pressure (of reference cell) (MPa, abs), 2B – Final pressure (of
reference cell + sample cell) (MPa, abs).

1

Vessel
no.

Sample
no.

Absorbate methane

Table 6. Details of adsorption isotherm experiment.
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Figure 2.

Methane gas adsorption isotherm at variable pressure for ﬁve coal samples.

5.2 Parameterisation of adsorption data
The experimental methane sorption data are parameterised in terms of Langmuir sorption isotherm
function. The Langmuir equation is expressed as:
V = VL

P
(PL + P )

where, V = Volume of gas adsorbed (Std. m3 /t,
daf), P = Equilibrium pressure (MPa), VL =
Langmuir volume (Std. m3 /t, daf), and PL = Langmuir pressure (MPa).
The Langmuir model is valid for monolayer
adsorption at low pressures (Langmuir 1918), however it is found to be applicable for methane
adsorption data on coal at intermediate and high
pressure with suﬃcient degree of precision and
the Langmuir equation ﬁts this data (cf. Busch
et al 2003, 2004, 2006). The Langmuir parameters were determined individually by best ﬁt
regression for ﬁve adsorption datasets. These parameters when plotted against VM, maceral content
and vitrinite reﬂectance (Ro% calc.), which show
poor correlations (ﬁgures 3 and 4). The maximum
methane sorption capacity, i.e., VL is observed
in sample CG-85 (VL = 26.88 Std. m3 /t, daf and

PL = 3.75 MPa) and minimum in CG-119
(VL = 22.94 Std. m3 /t, daf and PL = 2.92 MPa).
6. Results and discussion
The CBM potential of the coal seams of Sawang
area was evaluated on the basis of petrographic
studies of diﬀerent maceral groups and adsorption
isotherm studies. The pore structure analysis of
these litho types shows greater pore volumes for
dull coals compared to their equivalent bright coal
pairs. In contrast, bright coals have larger surface
area. These contrasting trends suggest that the
bright coals are more highly micro-porous compared to dull pairs (cf. Crosdale and Beamish
1995). The vitrinite maceral contains micro pores
and shows higher gas adsorption capacity in pores
of < 2 mm size, whereas the inertinite maceral
shows less gas adsorption capacity in pores of
2–5 µm sizes (Pophare and Varade 2004a, 2006).
Moreover, the well-developed cleat attributes of
varying sizes in the investigated coal seams of
Sawang area have excellent methane gas adsorption capacity (Pophare and Varade 2004a, 2006).
The coal seams of Sawang area show depthwise
increase in rank and maturity, which is reﬂected
by increase in their fuel ratio and ﬁxed carbon
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Variation of Langmuir parameters with VM and vitrinite reﬂectance (Ro% calc.).

Variation of Langmuir parameter VL with diﬀerent maceral content and vitrinite reﬂectance (Ro% calc.).

content (Sharma and Ram 1966; Chandra 2000;
Pophare and Varade 2004b). The coal sample CG81 (depth: 117 mbs) shows highest ﬁxed carbon
content (55.93%, daf) and fuel ratio (1.97), indicating its high rank and maturity (table 4); whereas,
sample CG-119 (depth: 25 mbs) shows minimum
ﬁxed carbon content (41.53%, daf) and fuel ratio
(1.53) (table 4), indicating low rank and less maturity of this sample. The deeper seams have low ash
content and high gas adsorption capacity, which
increases with enrichment of carbon content in the
coal seams of Sawang area (Pophare and Varade
2006).

The VCH4 estimates of the total amount of
methane generated, calculated by using Meissner’s
equation varies from 47.52 m3 /t (CG-119) to
15.56 m3 /t (CG-97) (table 4); whereas, the actual
gas adsorbed in the coal samples on the dry ash
free basis ranges from 15.80 m3 /t (CG-119) to
17.00 m3 /t (CG-81) (table 4). The present depth of
occurrence of Karo-VIII seam (CG-119) is 25 mbs.
The Jarangdih coal seam (CG-81) shows generation of 40.87 m3 /t of methane gas and maximum
gas adsorption capacity. The depth of this seam
(117 mbs) corroborates these observations (tables 2
and 4).
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Figure 5. Comparison of VL , methane gas estimated by
Meissner’s equation (M), gas adsorbed by Kim’s estimates
(K) and actual gas adsorbed (A. experimental).

The methane gas content estimated by the Kim’s
empirical equation varies from 4.43 m3 /t (CG-81)
to 1.19 m3 /t (CG-119) (table 5). This estimated
methane content diﬀers from those determined
from the adsorption isotherm experiments. The
Kim’s empirical estimates of methane gas content
are determined at hydrostatic pressure and existing geothermal gradient in the Sawang area, which
has an average value of 2.5◦ C/100 m. Moreover,
the accuracy of estimated gas content depends
on how closely the pressure gradient approaches
the normal value of 0.096 atm/m (Kim 1977). The
low estimates of methane gas content of the coal
seams of Sawang area is due to the low values of
pressure.
The diﬀerence in maximum sorption capacities
of the investigated coal samples may be attributed
to variation in pressure and diﬀerence in maceral
composition. The coal seams of the study area are
dominated by the vitrinite group of macerals. The

bituminous coal sample CG-85 has the highest liptinite maceral and moderate vitrinite and inertinite contents with comparable vitrinite reﬂectance
value (Ro% = 1.18), along with maximum value of
VL compared to the samples with similar maturity
(tables 3 and 4). The sample CG-119 has lowest
vitrinite and liptinite maceral contents and highest
inertinite content with highest vitrinite reﬂectance
value (Ro% = 1.21), but minimum value of VL .
Whereas, the sample CG-81 has Ro% = 1.15 and
moderate contents of vitrinite, inertinite and liptinite macerals and moderate VL = 24.94 Std. m3 /t,
daf (tables 3 and 4). This maceral group does not
show any correlation with the Langmuir parameter VL (ﬁgure 4). This signiﬁes that there is no
relation between the gas adsorption capacity and
maceral composition of the coal samples of the
Sawang area (cf. Faiz et al 1992; Laxminarayana
and Crosdale 1999). This is in conformation with
the investigations carried out on Indian coals by
Laxminarayana and Crosdale (2002), which have
shown that the vitrinite maceral content does not
inﬂuence methane sorption capacities. Moreover,
the maceral composition is pre-determined by the
depositional conditions of the coal and therefore
invariant in further evolution of the coal seam.
Hence, in the coal seams of Sawang Colliery, the
inﬂuence of maceral composition on adsorption
capacity remains ambiguous.
The comparison of results of actual adsorption
isotherm with the estimates of gas adsorbed by
Kim’s empirical equation shows positive correlation, but the Langmuir parameter VL does not
show any correlation (ﬁgure 5). This suggests that
the assessment for CBM potential of coal seams in
the Sawang area obtained by these two independent methods show coherence.
7. Conclusions
It is clear that the amount of methane generated
in the coal seams of Sawang Colliery is higher
than the amount of methane gas present. This is
also veriﬁed by the adsorption isotherm studies.
Although, a major proportion of the gas is stored
by adsorption, a remarkable portion of the gas
escapes into the surroundings. This migration may
occur due to limited storage capacity of coal seams
and excess production of methane gas. The coal
seams are saturated with respect to their adsorption capacity. The deeper coal seams hold higher
quantity of methane gas compared to shallow coal
seams as the amount of gas generated and the storage capacity is directly proportional to the depth
of coal seams. This variation in the amount of
CBM generated and the amount of gas present
can be attributed to several factors such as release

Coal bed methane potential of coal seams
of CBM due to pressure release, hydrological condition, dewatering and variegated tectonic disturbances/upliftment history of the Jharia basin in
general and Sawang Colliery area of East Bokaro
Coalﬁeld in particular.
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