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The pore characteristics of coal have an important influence on the coal adsorption of methane. The liquid nitrogen adsorption
method was used to study the pore structure of low- and middle-rank coal samples from two aspects: pore specific surface area
and pore shape. Low-field nuclear magnetic resonance (NMR) technology was used to study the difference in methane
adsorption of coal samples under the same adsorption conditions. The influence and mechanism of the pore structure of
middle- and low-rank coal samples on gas adsorption are discussed and analyzed. The results show the following: (1) There
are differences in the adsorption capacity of medium- and low-rank coal samples. Within 1 h of methane inflation, the
methane adsorption capacity of middle-rank coals such as Henan Pingdingshan (PDS) and Shanxi Wangzhuang (WZ) and
Xinjiang low-rank coals (XJ) increases by 36.4%, 31.7%, and 35.8%, respectively, and as the inflation time is extended to the
cumulative inflation of 10 h, the order of the increase in methane adsorption capacity is still PDS>XJ>WZ. (2) The pore types
of the experimental coal samples are mostly wedge-shaped pores and ink bottle-shaped pores. The order of the BET specific
surface area of the coal samples is in the order of WZ>PDS> XJ, which means that the WZ samples can provide more
adsorption sites for gas molecule adsorption, but under the same adsorption conditions, the WZ sample has the least amount
of gas adsorbed. Further analysis shows that the order of the tortuosity of the coal sample is WZ>XJ>PDS, which means that
the WZ sample has a large pore tortuosity, a long channel for methane molecules to diffuse into the internal pores of the coal
sample, and large diffusion resistance. It is the main reason why the methane adsorption capacity of WZ coal samples is less
than that of PDS and XJ coal samples in the same adsorption conditions.

1. Introduction

Gas is an associated organism in the coal formation process.
Gas mainly exists in the coal in an adsorbed state, and the
gas adsorption by coal is related to the coal pore structure.
Therefore, the coal pore and fissure system provides a place
for gas storage and transportation. At the same time, it also
provides a place for the storage and migration of coal meth-
ane [1]. Under a certain methane pressure, the adsorption of
coal to methane is the same as the flow of coal seam meth-
ane. In the process of coal adsorption of methane, methane
gas molecules enter the coal body under the action of the

pressure gradient or under the action of the concentration
difference [2]. Methane adsorption mainly occurs in micro-
pores and is affected by the methane concentration gradient
and pore structure. The study of coal pore heterogeneity is
beneficial to the exploration and development of coalbed
methane [3]. Previous scholars have studied the adsorption
capacity of coal and the factors affecting the adsorption
capacity of coal. Related studies believe that coal methane
adsorption, desorption, diffusion, and coal pore structure
are closely related. Sun [4] found that the pore structure of
different ranks affects the methane adsorption capacity of
coal samples. Li [5] used mercury intrusion and liquid
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nitrogen adsorption experiments to study the pore types and
pore size distribution characteristics of low-rank coal; the
experimental results show that the pore structure of low-
rank coal affects the adsorption capacity of coal to gas. The
adsorption balance of coal is destroyed by an external force,
which can easily lead to gas accidents [6–10]. Jiang et al. [11]
divided the pores of tectonic coal into four categories based
on low-temperature liquid nitrogen adsorption (LNA)
experiments. Li et al. [12] used SEM to observe the pore
structure of different rank coals, which is consistent with
the analysis results of LAN experiments. The types of coal
mine accidents are gas, rockburst, flood, and roof accidents
[7–10, 13]. Jiang et al. [14] found through fractal dimension
analysis that the pores of low-rank coals are more complex
than those of middle-rank coals. With the deepening of
research, nondestructive low-field NMR technology is grad-
ually used to study coal pore structure and coal gas adsorp-
tion process. Liquid nitrogen freeze-thaw has been used in
oil, shale gas, and coalbed methane exploitation as an effi-
cient fracturing technology; [15] studied the effect of differ-
ent coal ranks and liquid nitrogen soaking times on the
temperature distribution of coal samples. Qin et al. [16]
studied the effect of liquid nitrogen freezing on the adsorp-
tion capacity of different rank coals. Low-field NMR tech-
nology can also be used to study the pore structure of coal,
such as the type of pores and cracks, effective porosity, and
pore structure distribution [17]. Chen et al. [18] also used
this method to examine the gas adsorption capacity. Other
scholars [19–21] also used this technology to obtain low-
rank coals with the best development of adsorption pores,
followed by seepage pores and fissures; middle-rank coals
were mainly developed with micropores, large pores, or fis-
sures. Mesopores are relatively underdeveloped, while
high-rank coals are dominated by micropores, while meso-
pores, macropores, and cracks are relatively underdeveloped.
Under the action of external load, coal is prone to brittle fail-
ure, which will also affect the coal gas adsorption balance [7,
10, 22, 23]. Tang et al. [24] and Yao et al. [25] used this tech-
nology to study the process of coal sample gas adsorption.
Some experimental methods such as mercury injection
(MIP), scanning electron microscopy (SEM), low-field
NMR technology, and low-temperature LNA were used to
study the vitrain and durain in low-rank coal [26]. The pore
types of low-rank coal are complex, and it is necessary to use
a combination of various detection methods to study its pore
structure [27]. To sum up, the commonly used methods for
the study of the coal pore structure include the MIP method,
low-temperature LNA method, and low-field NMR technol-
ogy. Scholars have carried out a lot of research on the pore
structure of low- and middle-rank coals and the differences
and influencing factors of gas adsorption, but there is no
unified understanding of the influence and control mecha-
nism of the difference of the micropore structure of middle-
and low-rank coal on the gas adsorption process; further
research is needed. Therefore, this paper takes low- and
middle-rank coal as an example, studies the difference of the
micropore structure of low-rank and middle-rock coal by
using low-temperature LNA, carries out experiments on coal
gas adsorption under the same adsorption conditions with

the help of nondestructive and dynamic detection low-field
NMR technology, and analyzes the control mechanism and
influence of the pore structure on the difference of gas adsorp-
tion process of experimental coal samples analyzed.

2. Sample Preparation and Testing

2.1. Coal Sample Collection. The coal samples were from
Shanxi Wangzhuang, Henan Pingdingshan, and Xinjiang
Aiweiergou. The experimental coal samples were all taken
from newly mined large fresh coal samples. Among them,
some processing plants are 3mm~6mm, 60 mesh~80 mesh
granular, which are, respectively, used for LNA adsorption
experiments and industrial analysis. Some coal samples were
processed into cylindrical coal samples with φ25 × 50mm
for gas adsorption NMR experiments. Table 1 shows the
industrial analysis results of the experimental coal samples.

Vitrinite reflectance reflects the degree of coal metamor-
phism. Traditionally, the U.S. CBM industry defines low-
rank coal as R0,m less than 0.7% or 0.8%. The test results of
XJ coal samples are below 0.8%; based on R0,m and high vol-
atility, XJ coal samples are low-rank coal [14, 28]. R0,m of
WZ and PDS coal samples are between 1.0% and 1.5%,
which is medium-rank coal [5].

2.2. Basic Principles of NMR. Low-field NMR technology is
based on the principle of directional arrangement of hydro-
gen nuclei under the action of an external magnetic field. By
measuring the relaxation characteristics of hydrogen nuclei
fluids (H2O, CH4) in coal pores, the pore structure and pore
size distribution characteristics of coal are studied. NMR
experiments are used to study coal rock pores and cracks,
mainly to obtain the relationship between NMR intensity
and transverse relaxation time (T2), so as to obtain the pore
structure distribution of coal samples. The principle of NMR
T2 [29, 30] is

1
T2

≈ FS
ρ

r
= ρ

S
V
: ð1Þ

In formula (1), ρ is the surface relaxation rate, FS is the
pore shape factor (tubular pores and plate pores, FS = 2), r
is the pore radius, and S/V is the pore specific surface area
of the coal sample.

In formula (1), the pore radius of coal is related to T2;
that is, the larger the T2, the larger the pore radius. There-
fore, different levels of pores and fractures can be divided
according to the T2 spectrum.

2.3. Test Equipment and Procedures

Table 1: Industrial analysis for experimental coal samples.

Coal
a

(cm3·t-1)
b

(MPa-1)
Vdaf

(%)
Aad
(%)

Vdaf

(%)
R0,m
(%)

PDS 26.954 1.098 0.63 8.89 13.49 1.83

WZ 20.661 1.110 0.96 12.41 31.92 1.15

XJ 24.155 0.825 1.02 7.33 40.25 0.79
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(1) The specific surface area of the coal sample was mea-
sured by a V-Sorb 2800TP specific surface area
analyzer

(2) The gas adsorption experiment was performed using
a low-field NMR instrument of the model
MesoMR23-060H-I. The connection system diagram
of the experimental coal sample gas adsorption
experimental equipment is shown in Figure 1. In
Figure 1, V1-V14 are valve control switches, A is
the computer host, B is the temperature control unit,
C is the radio frequency unit, and D is the gradient
unit

First, the columnar raw coal samples were dried, the
temperature was set to 60°C, and the drying time was 12h,
and then cooled to room temperature. Second, place the
dry coal sample into the “holder cavity” in Figure 1. Third,
all pipelines were connected, and fixed confining pressure
3MPa is applied on the dried coal samples; vacuum the
pipeline to ensure no air leakage. Finally, carry out NMR
experiments on coal gas adsorption characteristics, the gas
adsorption time of the experimental coal samples was 10h,
and the signal is collected once every 0.5 h, a total of 20
times.

2.4. Free-State Methane Calibration Experiment. In order to
distinguish the T2 relaxation time range corresponding to
adsorbed methane and free methane, at first, the NMR T2
spectral characteristics of free methane have been deter-
mined. Due to the incomplete sealing between the coal sam-
ple and the “holder cavity,” when coal adsorbs methane,
high-pressure methane will flow into the gap from the gas
cylinder. This part of the methane is affected by the experi-
mental conditions; therefore, the amount of methane con-
tained in coal should not be included in this part of methane.

In the experiment, the calibration experiment of free-
state gas NMR T2 spectra was carried out first, and then,
the gas NMR experiment of the adsorption of medium-
and low-rank coal was carried out. Previous research results
show that the free-state gas amplitude integral and the T2
both increase, and the free-state gas peak increases. The T2
spectral curve has only one characteristic peak [24, 25, 31],
which can further distinguish different states of methane.
Figure 2 shows the T2 spectra of free-state gas at different
gas pressures.

It can be seen in Figure 2 that the free-state gas T2 spec-
trum has a characteristic peak, and the T2 ranges from
89.07ms to 1534.37ms. As the gas pressure increases, T2
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Figure 1: Schematic diagram of methane adsorption low-field nuclear magnetic resonance experimental system.

10–2 10–1 100 101 102 103 104
0

20

40

60

80

100

120

G
as

 N
M

R 
sig

na
l i

nt
en

sit
y 

(d
im

en
sio

nl
es

s)

T2 (ms)

0.92 MPa
1.74 MPa
2.35 MPa

2.99 MPa
3.68 MPa

Figure 2: Free-state gas T2 spectra at different inflation pressures.
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gradually shifts to the right; this is consistent with earlier
findings [25, 31, 32].

3. Experimental Results

3.1. Experimental Coal Sample Liquid Nitrogen Adsorption
Test Results. The experimental results of nitrogen adsorption
and desorption of the experimental coal samples are shown
in Figure 3.

In Figure 3, (1) with the increase of relative pressure, the
nitrogen adsorption capacity of coal also increases accord-
ingly. (2) Under the same adsorption conditions, the PDS
coal sample has the strongest ability to adsorb nitrogen,
WZ is the second, and XJ is the weakest. (3) By analyzing
Figure 3, when P/P0 < 0:5, the nitrogen adsorption of the
experimental coal samples rose slowly. When P/P0 > 0:5,
the nitrogen adsorption of the experimental coal samples
rose rapidly, indicating that a large amount of liquid nitro-
gen entered the pores of the experimental coal samples.
Due to the different pressures required for liquid nitrogen
adsorption and condensation and desorption and evapora-
tion, the adsorption and desorption curves of the experi-
mental coal samples do not overlap; that is, a hysteresis
loop occurs. The shape of the hysteresis loop represents dif-
ferent pore shapes [33, 34]. (4) The desorption curves of
PDS, WZ, and XJ coal samples only show a sudden drop
when P/P0 > 0:5; that is, the coal sample contains more
medium and large pores. The pore types of the coal samples
are mainly wedge-shaped pores.

Table 2 shows the test results of the pore specific surface
area of the experimental coal samples. The pore size classifi-
cation refers to the B.B. Hodot pore classification stan-
dard [35].

From the analysis of Table 2, it can be seen that the pore
specific surface area of the experimental coal samples is distrib-
uted at each stage, of which micropores account for the largest
proportion. The micropore specific surface area of medium-
rank coal accounts for more than 60.0% of the total pore spe-
cific surface area; the pore specific surface area of low-rank coal
is mainly concentrated in micropores and small pores.

3.2. Analysis of Experimental Results of Methane Adsorption
on Coal Samples. The methane adsorption NMR experi-
ments of the experimental coal samples were all at a constant
confining pressure 3MPa and constant gas pressure
0.74MPa. Figure 4 shows the experimental results of gas
adsorption NMR experiments on coal samples. From the
T2 spectrum of gas adsorption NMR, the change rule of
the gas adsorption process of experimental coal samples
can be seen more intuitively.

Yao et al. [17] classified coal sample pores into different
types according to the NMR measurement results of coal
samples. Generally, the NMR T2 spectrum of coal samples
is divided into the single peak, double peak, or triple peak.
T2 corresponding to the crack is >100ms, T2 corresponding
to the seepage pores (large and medium pores,
0.1μm~ 1μm) is between 20 and 50ms, and T2 correspond-
ing to the adsorption pores (<0.1μm) is 0.5~2.5ms. In
Figure 4, the experimental coal sample NMR T2 spectrum
has three peaks at T2 < 1:83ms, T2 = 1:83~89.07ms, and
T2 = 178:373~766.341ms.

Combined with the experimental results of coal sample
free-state gas calibration in Figure 2, the third peak
(T2 = 89:07~1534.37ms) in Figure 4 is a free-state gas spec-
trum. It can be seen from equation (1) that the coal sample
pores are proportional to the transverse relaxation time T2,
so T2 of medium and large pores is larger than that of micro-
pores. Therefore, T2 < 1:83ms in Figure 4 corresponds to the
adsorbed methane in the micropores, and T2 = 1:83~89.07ms
corresponds to the free methane contained in coal [25, 32].

In Figure 4, under the same adsorption conditions, we can
find that the morphological distribution of the T2 spectrum in
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Figure 3: Experimental coal sample adsorption-desorption curve.

Table 2: Test results of pore specific surface area by liquid nitrogen
adsorption method.

Project PDS WZ XJ

BET specific surface area (m2/g) 7.2 9.1 5.2

Area ratio of each aperture (%)

<10 nm 87.4 80.3 68.2

10~100 nm 9.2 14.9 31.1

>100 nm 3.4 4.8 0.7
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different coal samples is similar; that is, the T2 spectrum of the
experimental coal samples has three separate peaks, and with
the increase of the aeration time, the area of different peaks
increases at different speeds, but the general trend of the T2
spectrum changes. With the increase of inflation time, it first
increased rapidly and then increased slowly.

Different from experimental coal samples in the gas
adsorption process, the gas adsorption T2 spectrum of the
PDS coal sample increased rapidly within 0~7h, and then,
the change trend of the T2 spectrum was not obvious with
the increase of the gas charging time (Figure 4(a)). For the
gas of the WZ and XJ coal samples, the adsorption T2 spec-
trum increased rapidly within 0~5h. This may be related to
the adsorption mechanism between methane gas molecules
and coal pore surfaces. The adsorption conditions are the
same, the order of gas adsorption capacity of the experimen-
tal coal samples is as follows: PDS>XJ>WZ, and there may
be many interconnected pores in the micropores of PDS coal
samples, which are beneficial to the adsorption of methane
molecules by coal.

3.2.1. The Amount of Adsorbed Methane Changes with the
Inflation Time. The adsorption amount of methane gas mol-
ecules in coal micropores is expressed by the integral of the
amplitude of the T2 spectrum curve of the adsorbed gas.
The relationship between inflation time and integrated
amplitude of adsorbed methane is shown in Figure 5.

The fitting curves are

PDS sample : SAdsorbedmethane =
1209:8t
1 + 0:44t R2 = 0:99

� �
,

WZ sample : SAdsorbedmethane =
508:2t
1 + 0:32t R2 = 0:99

� �
,

XJ sample : SAdsorbedmethane =
831:6t
1 + 0:44t R2 = 0:99

� �
:

ð2Þ

By analyzing Figure 5, the amount of methane adsorbed
by the coal samples in different experiments first increases

rapidly with the aeration time and then increases slowly.
When aerated for 1 h, the amount of methane adsorbed by
PDS, WZ, XJ, and other coal samples increased by 36.4%,
31.7%, and 35.8%, respectively, indicating that the initial
adsorption speed of PDS coal samples is faster. When aer-
ated for 3 h, the adsorption amount of PDS, WZ, and XJ coal
samples increased by 73.0%, 64.9%, and 70.6%, respectively.
The adsorption rate of the experimental coal sample was fas-
ter at the initial gas filling (1~3h); it is difficult for coal sam-
ples to adsorb gas in a short time to reach the adsorption
equilibrium, which was related to the properties of coal
and gas diffusion characteristics. The adsorbed methane
amount of PDS, WZ, and XJ coal samples increased by
97.0%, 91.9%, and 96.3%, respectively, indicating that the
methane adsorption capacity of coal samples such as PDS
and XJ increased faster than that of WZ coal samples.
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Figure 4: T2 spectrum curves of experimental coal sample gas in the adsorption process.
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It takes a long time for coal sample gas adsorption equi-
librium [36]. In this experiment, the coal samples were
adsorbed for 10h, and they did not reach adsorption equilib-
rium. In Figure 5, according to the fitting results, the amount
of gas adsorbed by the coal sample is in accordance with the
relationship between the aeration time: sAdsorbedmethane =
abtc/1 + btc (a, b, and c are coefficients, R2 ≥ 0:9). It shows
that this mathematical model can be used to describe the
change process of the amount of adsorbed gas in the colum-
nar coal sample with the aeration time.

3.2.2. The amount of free methane changes with the inflation
time. Larger pores in coal provide channels for the migration
of free gas; the integral of the free gas T2 spectrum curve
amplitude represents the amount of free gas contained in
the coal sample. Figure 6 is a graph showing the relationship
between the integral of the free-state gas amplitude and the
charging time.

The fitting curves are

PDS sample : SFreemethane =
241:2t0:58
1 + 1:29t R2 = 0:98

� �
,

WZ sample : SFreemethane =
58:1t0:81
1 + 0:01t R2 = 0:92

� �
,

XJ sample : SFreemethane =
203:9t0:62
1 + 1:03t R2 = 0:99

� �
:

ð3Þ

In Figure 6, it can be seen that the free methane content
of different coal samples under the same adsorption condi-
tions varies with the aeration time. With aeration for 1 h,
the free methane content of the PDS, WZ, and XJ coal sam-
ples increased by 68.2%, 65.8%, and 71.2%, respectively,
indicating that the PDS coal sample contains more free
methane than the Shanxi coal sample; 3 h after aeration,
the free methane content of the PDS, WZ, and XJ coal sam-
ples increased by 93.1%, 89.3%, and 96.0%, respectively,
compared with the initial aeration, and for PDS after 7 h of
aeration, the free methane content of coal samples of WZ
and XJ increased by 96.7%, 92.7%, and 96.0%, respectively,
indicating that the free methane content of coal samples
such as PDS and XJ increased faster than that of WZ coal
samples under the same adsorption conditions. This change
corresponds to the amount of adsorbed methane change
with inflation time.

Under the same adsorption conditions, the amount of
free methane of the coal sample is in accordance with the
relationship between the aeration time: SFreemethane = a′b′tc′
/1 + b′tc′ (a′, b′, and c′ are coefficients, R2 ≥ 0:90). It is also
shown that the mathematical model is used to describe the
variation of the free methane content in the cylindrical coal
sample with the aeration time.

4. Analysis and Discussion

(1) The order of the amount of gas adsorbed by the
experimental coal samples under the confining pres-
sure of 3MPa and the gas pressure of 0.74MPa is
PDS>XJ>WZ. From Table 1, the order of the

adsorption constant “a” of the experimental coal
sample is PDS>XJ>WZ. Because the adsorption con-
stant “a” is a constant only related to the specific sur-
face area of pores, it indicates the adsorption
capacity of coal, so the difference in the adsorption
capacity of the experimental coal samples is mainly
reflected in the difference in the value of “a”

(2) The process of coal injection into gas is also a pro-
cess of infiltration and diffusion, percolation is
caused by the gas pressure gradient, and diffusion
is caused by the concentration gradient [2]. Micro-
pores are the main contributor to the total specific
surface area of various pores in coal, providing an
excellent place for methane to occur in coal, while
medium and large pores provide channels for meth-
ane migration. Pore distribution is uneven, and the
pores in coal and the connection types between
pores are also different. There are interconnected
and disconnected pores. The fluid (liquid, methane)
in the interconnected pores can pass through, but
the pore is not connected to each other; the fluid
cannot pass. Porosity is an indicator reflecting the
overall development of pores and cracks [17]. The
degree of pore and crack development is an impor-
tant factor that determines the adsorption and per-
meability of coal. The porosity of a coal sample can
be calculated from the true density and apparent
density of coal samples. From the results of the anal-
ysis on the coal sample methane adsorption process,
first, when methane gas molecules enter the coal,
they cannot immediately contact all pore surfaces
in the coal but form a pressure difference and a con-
centration difference on the coal sample surface.
Under the action of gas pressure difference, the
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methane gas molecules enter the coal sample from
the larger pores and cracks on the surface of coal
samples; the gas molecules entering the coal sample
come into contact with the coal pore surface and
adsorb on the pore surface. At the same time, the
methane gas molecules are under the action of the
concentration difference. It diffuses into the deep
pores of the coal sample, and adsorption and desorp-
tion occur in the micropores. The gas adsorption
process of the coal matrix is shown in Figure 7

Due to the different shapes and degrees of curvature of
the coal sample’s pores, the path length of the methane mol-
ecules that seep into the coal sample is different. The tortu-
osity factor can be used to measure the degree of curvature
of the pores [37], and its physical meaning is the true diffu-
sion distance of methane molecules. The ratio is the appar-
ent diffusion distance. The empirical formula derived by
the scholar [38] through theoretical analysis can be used to
calculate the tortuosity of the porosity; that is, the tortuosity
and porosity parameters of the experimental coal samples
are calculated from equations (5) and (6), respectively, and
the specific results are shown in Table 3:

τ = Lt
L0

, ð4Þ

where τ is tortuosity, Lt is the actual distance of the diffusion
channel, and L0 is the straight-line distance of the medium:

φ = 1 − ρs
ρz

� �
× 100%, ð5Þ

where φ is the porosity (%), ρs is the apparent density (g/
cm3), and ρz is true density (g/cm3):

τ = 1‐0:49 ln φð Þ: ð6Þ

The diffusion of gas in the pores of coal is mainly con-
trolled by micropores; in Figure 3, the pore shapes of coal
samples are diverse. In Table 3, the order of the tortuosity
of experimental coal samples is WZ>XJ>PDS, indicating
that the methane molecules have the longest diffusion path
in the WZ coal sample during the same adsorption time,
followed by the XJ and PDS coal samples. The WZ coal sam-
ple has a large pore specific surface area and can provide

more adsorption sites for the adsorption of tile methane
molecules. However, the WZ coal sample methane molecule
has a long diffusion channel and greater diffusion resistance
during the same charging time, making the amount of meth-
ane adsorbed compared to PDS and WZ. Under the same
adsorption conditions, due to the different development
degrees of coal samples, the pore structure of coal has an
impact on the process of methane adsorption.

5. Conclusions

(1) According to the LNA experiment, the proportion of
micropore specific surface area of the experimental
coal samples is more than 60%, and the ratio of the
specific surface area of the micropores increases as
the degree of deterioration deepens. Coal sample
micropores have a huge internal surface area, which
is the main place for gas adsorption. The pore shapes
are mostly wedge-shaped holes and ink bottle-
shaped pores

(2) Low-field NMR technology provides a new experi-
mental method for coal seam gas flow state to record
the dynamic process of gas adsorption. The adsorp-
tion conditions are the same, and the relationship
between the adsorption and free methane of different
experimental coal samples and the aeration time is in
the form of a relational formula: S = abtc/1 + btc

(R2 ≥ 0:90)
(3) The adsorption of gas by coal is mainly related to the

coal pore structure. The larger specific surface area of
coal samples provides a place for gas adsorption, and
the pore types of coal of different grades are differ-
ent. The porosity and tortuosity of coal samples are
different, and the length of methane diffusion chan-
nels in coal samples is different. Therefore, the gas

Coal matrix

End cleat

Cl
ea

t

(a) The seepage process of coal adsorption gas

Coal matrix

Gas molecules

Microporous

(b) Schematic diagram of coal matrix gas adsorption

Figure 7: Schematic diagram of coal matrix methane adsorption.

Table 3: Porosity and tortuosity parameters of coal samples.

Coal
True density
(g·cm-3)

Apparent density
(g·cm-3)

Porosity
(%)

Tortuosity

WZ 1.44 1.39 3.47% 2.65

PDS 1.47 1.35 8.16% 2.22

XJ 1.31 1.22 6.87% 2.31
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adsorption process of the experimental coal samples
is affected by the coal pore structure

(4) This paper only studies the difference in adsorption
capacity of experimental coal samples through
experiments, and the next step should be to study
the control mechanism of the difference in adsorp-
tion of different coal ranks from the perspective of
molecular models
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