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In this study, the full-size pore structure characteristics of six diﬀerent-rank coal samples were investigated and analyzed from three
perspectives, namely, pore shape, pore volume, and pore speciﬁc surface area, by performing a high-pressure mercury injection
experiment and a low-temperature nitrogen adsorption experiment. Next, the full-size pore volumes and pore speciﬁc surface
areas of the six coal samples were accurately characterized through a combination of the two experiments. Furthermore, the
relationships between volatile matter content and pore volume and between volatile matter content and pore speciﬁc surface
area were ﬁtted and analyzed. Finally, the inﬂuences of metamorphic degree on pore structure were discussed. The following
conclusions were obtained. The pore shapes of diﬀerent-rank coal samples diﬀer signiﬁcantly. With the increase of metamorphic
degree, the full-size pore volume and pore speciﬁc surface area both decrease ﬁrst and then increase. Among the pores with
various sizes, micropores are the largest contributor to the full-size pore volume and pore speciﬁc surface area. The ﬁtting
curves between volatile matter content and pore volume and between volatile matter content and pore speciﬁc surface area can
well reﬂect the inﬂuence and control of metamorphic degree on pore volume and pore speciﬁc surface area, respectively. With
the increase of volatile matter content, the pore volume and the pore speciﬁc surface area both vary in a trend resembling a
reverse parabola.

1. Introduction
China is a country boasting abundant coal resources.
According to National Energy Development Strategy (20302050) formulated by the Chinese Academy of Engineering,
coal resources will account for about 55% of the whole energy
structure of China in 2030 and will still account for over 50%
in 2050 [1, 2]. That is, coal will still occupy the most important position in China’s primary energy structure in the
future [3]. Coal is a typical heterogeneous porous medium
whose pore structure is one of the key parameters for evaluating it [4]. Pore structure not only determines the physical
and mechanical properties of coal, but also controls the process of gas adsorption, desorption, diﬀusion, and seepage in a
coal seam [5–7]. In particular, the adsorption capacity of

coalbed methane (CBM) is closely related to the pore development degree and pore structure characteristics. Therefore,
the research on the pore structure characteristics of coal is
meaningful for gas disaster prevention and CBM extraction
and utilization [8–10]. As speciﬁed by the Hodot decimal
classiﬁcation standard [11–13], the pores in coal can be
divided into ﬁve categories according to the pore size, i.e.,
micropores (<10 nm), small pores (10-100 nm), mesopores
(100-1,000 nm), macropores (>10,000 nm), and visible pores
(>100,000 nm). Among them, micropores, also referred to as
adsorption pores, are the main space for gas adsorption. The
commonly used methods to measure the pore structure characteristics of coal include high-pressure mercury injection,
nuclear magnetic resonance, micro CT, low-temperature
nitrogen adsorption, and transmission electron microscope
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[14–20]. Due to the limitations of diﬀerent measurement
methods, the pore structure of coal can hardly be accurately
characterized with a single method [21].
In previous studies, high-pressure mercury injection and
low-temperature nitrogen adsorption are considered to be
two eﬀective methods for pore structure testing [22–24].
The principle of high-pressure mercury injection is to enable
mercury to enter pores by applying an external force. When
the external force is larger, mercury can enter pores with a
smaller diameter. High-pressure mercury injection can measure pores whose diameters range from 5.5 nm to 1,000,00
nm. When the mercury injection pressure is higher than
200 MPa, mercury is able to enter pores with the diameter
of 7 nm. However, in this case, the excessive external force
may pose the risk of deformation and damage to coal. Thus,
this method cannot accurately measure the distribution of
nanoscale pores [25].
The principle of low-temperature nitrogen adsorption is
based on physical adsorption caused by intermolecular
forces [26]. At -195.8°C, the energy of nitrogen molecules
is reduced, and nitrogen molecules reach the adsorption
equilibrium of approximate monolayer on the surface of
solid material under the action of van der Waals forces. At
this time, the adsorption surface area of the solid substance
is proportional to its adsorption capacity. In this way, the
speciﬁc surface area of the substance to be measured can
be calculated. Meanwhile, with the volume of pores in the
solid substance being equivalent to the volume of liquid
nitrogen entering the pores, the rate of variation of pore volume with the pore size can be measured by means of theoretical analysis. The most commonly used calculation
method is to calculate pore volume, pore size distribution,
and pore speciﬁc surface area by using the Barrett-JoynerHalenda (BJH) theory [27]. Despite its inability to measure
the distribution of macropores, low-temperature nitrogen
adsorption is able to accurately characterize the distribution
of micropores and small pores. Accordingly, some scholars
propose to combine the above two methods for the purpose
of accurately characterizing the full-size pore structure of
coal [28–30].
Considering the important position of coal in China’s
energy structure, investigating the pore structure distribution
characteristics of typical coal samples from diﬀerent mining
areas in China conduces to conducting an in-depth study
on the control mechanism of pore structure on the gas
adsorption, desorption, and seepage characteristics of coal.
Such an investigation is of great signiﬁcance for gas disaster
prevention and CBM extraction in typical mining areas in
China. In this paper, six diﬀerent-rank coal samples were collected from diﬀerent mining areas and then subjected to the
high-pressure mercury injection experiment and the lowtemperature nitrogen adsorption experiment. Based on the
experimental results, the mercury injection-ejection curves
of diﬀerent coal samples and their corresponding pore
shapes, pore volumes, and pore speciﬁc surface areas were
analyzed, and the low-temperature nitrogen adsorptiondesorption isotherms of these samples and their corresponding pore characteristics, pore volumes, and pore speciﬁc
surface areas were also probed into. Moreover, the accuracy
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of these two methods in terms of measuring the pore volumes
and pore speciﬁc surface areas under diﬀerent pore diameters
was discussed. Besides, the two methods were combined to
characterize the full-size pore shapes, pore volumes, and pore
speciﬁc surface areas of diﬀerent coal samples. Ultimately,
the inﬂuences and control mechanisms of coal rank on the
pore structure characteristics were clariﬁed.

2. Materials and Methods
2.1. Sampling Regions and Sample Preparation. The coal samples used in the experiment were selected from six diﬀerent
typical mining areas in China. The sampling regions are
shown in Figure 1. Then, the water contents, ash contents,
volatile contents, and vitrinite reﬂectance values of the samples were tested in accordance with the preparation process
displayed in Figure 2. The sampling locations and the test
results of relevant basic parameters are given in Table 1.
2.2. High-Pressure Mercury Injection Experiment. The device
used in the high-pressure mercury injection experiment is
the Auto Pore 9505 automatic mercury porosimeter in the
Key Laboratory of Gas Geology and Gas Control of Henan
Polytechnic University (Figure 3). The test pore diameter
ranges from 5 nm to 360,000 nm, and the maximum working
pressure is 228 MPa. The application of pressure enables
mercury to enter the pores. The functional relationship
between the pore size that mercury can reach and the applied
external force satisﬁes the Washburn equation [31, 32].
r=

−2γ cos θ
,
P

ð1Þ

where P is the mercury injection pressure, Pa; r is the
radius of pores, m; θ is the contact angle, and it takes the
value 130°; γ is the surface tension of mercury, and it equals
4:85 × 10−3 N/m.
The speciﬁc surface area of pores in the sample can be
further calculated via the mercury injection pressure according to the Young-Duper equation.
−PdV = γ cos θdS,

ð2Þ

where S is the speciﬁc surface area of pores, m2/g.
2.3. Low-Temperature Nitrogen Adsorption Experiment. The
device used in the low-temperature nitrogen adsorption
experiment is the ASAP2020M automatic speciﬁc surface
area and pore size analyzer in the Key Laboratory of Gas
Geology and Gas Control of Henan Polytechnic University.
The test pore size ranges from 0.35 nm to 500 nm, and the
lower limit of speciﬁc surface area measurement is 0.0005
m2/g. The schematic diagram of the low-temperature nitrogen adsorption experimental device is shown in Figure 4.
In the experiment, the processed sample was put into the
sample tube before the experimental device was connected,
and then, the liquid nitrogen cup was ﬁlled with liquid nitrogen. Next, the entire system was vacuumized, and the volume
of free space in the sample tube was calibrated using helium.
After a certain amount of nitrogen was injected into the
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Figure 1: Sampling locations of experimental coal samples.
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Figure 2: Sample preparation process and experimental steps.

Table 1: Basic information and parameters of experimental coal samples.
Sample
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6

Sampling location

M ad (%)

Aad (%)

V daf (%)

R0,max (%)

Dananhu No. 1 mine, Hami mining area
Gengcun mine, Yima mining area
Pingdingshan No. 5 mine, Pingdingshan mining area
Zhujiao mine, Anyang mining area
Hebi No. 9 mine, Hebi mining area
Jiulishan mine, Jiaozuo mining area

8.02
2.11
1.23
1.62
1.37
2.32

15.36
11.92
15.82
11.85
12.86
12.92

42.35
38.16
28.82
22.16
12.93
7.68

0.43
0.52
1.05
1.30
1.76
2.55

Note: M ad , Aad , and V daf are the moisture, ash, and volatile matter contents on the air-dried basis, respectively. R0,max is the maximum vitrinite reﬂectance.
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Figure 3: Auto Pore 9505 automatic mercury porosimeter.
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Figure 4: Schematic diagram of the low-temperature nitrogen adsorption experimental device.

intake manifold, the initial pressures, initial temperatures,
and initial gas weights of the intake manifold and the sample
tube were recorded. Afterwards, a certain amount of nitrogen
was injected from the intake manifold to the sample tube.
When the sample reached adsorption equilibrium, the pressures, temperatures, and gas weights of the intake manifold
and the sample tube were recorded again. On the basis of
the acquired data, the adsorption capacity of the sample
was calculated. Then, the nitrogen adsorption-desorption
isotherm can be obtained by taking the relative pressure as
the abscissa and the adsorption capacity as the ordinate.
Generally, the pore volume, pore size distribution, and
the speciﬁc surface area are calculated by using the BJH
method [33].

3. Experimental Results
3.1. Results of the High-Pressure Mercury
Injection Experiment
3.1.1. Pore Volume and Pore Speciﬁc Surface Area. The pore
volumes and pore speciﬁc surface areas of the six coal samples were tested by performing a high-pressure mercury
injection experiment. The results are exhibited in Figure 5.
The pores in the six diﬀerent-rank coal samples mainly
belong to small pores and micropores, followed by macropores and mesopores, as displayed in Figures 5(a) and 5(b).
Besides, the total pore volume decreases ﬁrst and then
increases with the rise of coal rank, as illustrated in Figure 5(e).
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Figure 5: Results of the high-pressure mercury injection experiment. (a) Pore volume distribution; (b) pore volume proportion; (c) pore
speciﬁc surface area distribution; (d) pore speciﬁc surface area proportion; (e) shows the relationship between total pore volume and
metamorphic degree; (f) shows the relationship between total speciﬁc surface area and metamorphic degree.

Meanwhile, the pore speciﬁc surface areas of micropores
account for the largest proportion (over 67.57%) for all the
six coal samples, followed by those of small pores, whereas
those of macropores and mesopores account for relatively
smaller proportions, as presented in Figures 5(c) and 5(d).
Hence, it can be concluded that the total pore speciﬁc surface
areas of coal samples are primarily determined by micropores, and the total speciﬁc surface area decreases ﬁrst and
then increases with the rise of coal rank, as illustrated in
Figure 5(f).
3.1.2. Mercury Injection Curve and Pore Shape Characteristics.
The pores in coal can be divided into eﬀective pores and isolated pores. The eﬀective pores can be further divided into
semiclosed pores, open pores, and ink-bottle-shaped pores.
The pore shapes are illustrated in Figure 6 [34].

(a) Semiclosed pore

(b) Open pore

(c) Ink-bottle-shaped pore

Figure 6: Classiﬁcation of pore shapes corresponding to the
mercury injection curves.

The mercury injection-ejection curves obtained from
the high-pressure mercury injection experiment are shown
in Figure 7. The mercury injection-ejection curves of diﬀerent samples diﬀer obviously. Although hysteresis loops are
formed by the curves of all the six samples, these hysteresis
loops are quite diﬀerent, which reﬂects the diﬀerences in
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Figure 7: Mercury injection curves of experimental coal samples.

the basic pore shapes and connectivities of diﬀerent coal
samples. According to the classiﬁcation method of pore
shapes in Figure 6, the six coal samples can be divided into
3 categories:
(1) Samples 1 and 3. Their values of mercury injectionejection curves diﬀer notably, and obvious hysteresis

loops are formed by their curves, which suggests that
the two samples possess open pores and a certain
number of ink-bottle-shaped pores. In addition, the
cumulative amounts of mercury injection of the two
samples increase slowly with the rise of pressure,
which demonstrates the development of diﬀerentsized pores in the samples.
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Figure 8: Results of the low-temperature nitrogen adsorption experiment. (a) Pore volume distribution; (b) pore volume proportion; (c) pore
speciﬁc surface area distribution; (d) pore speciﬁc surface area proportion; (e) shows the relationship between total pore volume and
metamorphic degree; (f) shows the relationship between total speciﬁc surface area and metamorphic degree.

(2) Sample 5. When the pressure is lower than 0.01 MPa,
its cumulative pore volume jumps sharply, indicating
the wide development of large pores. When the pressure is higher than 10 MPa, its cumulative pore volume grows rapidly, suggesting the wide development
of micropores. Besides, a hysteresis loop is formed by
the curve, which is a sign of the existence of inkbottle-shaped pores.
(3) Samples 2, 4, and 6. The hysteresis loops of the three
samples are the smallest, and they even disappear
when the relative pressure gets higher than 10 MPa,
which shows that the pores in the three samples are
not so open and gradually close in the later stage.
This demonstrates that micropores and transition
pores are semiclosed. Meanwhile, the samples con-

tain a large number of semiopen pores whose connectivities are poor.
3.2. Results of the Low-Temperature Nitrogen
Adsorption Experiment
3.2.1. Pore Volume and Pore Speciﬁc Surface Area. The pore
volumes and pore speciﬁc surface areas of the six coal samples were tested through a low-temperature nitrogen adsorption experiment. The results are exhibited in Figure 8.
The pores in the six diﬀerent-rank coal samples mainly
belong to small pores and micropores, followed by macropores and mesopores, as displayed in Figures 8(a) and 8(b).
In addition, the total pore volume decreases ﬁrst and then
increases with the rise of coal rank, as illustrated in Figure 8(e).
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Meanwhile, the pore speciﬁc surface areas of micropores
account for the largest proportion (over 67.57%) for all the
six coal samples, whereas those of mesopores and small pores
account for relatively smaller proportions, as presented in
Figures 8(c) and 8(d). Hence, it can be concluded that the
total pore speciﬁc surface areas of coal samples are mainly
determined by micropores, and the total speciﬁc surface area
decreases ﬁrst and then increases with the rise of coal rank, as
illustrated in Figure 8(f).
3.2.2. Adsorption Isotherms and Pore Shape Characteristics.
The shape of adsorption isotherm obtained through the
low-temperature nitrogen adsorption experiment can reﬂect
the pore shape. According to whether an adsorption loop is
formed by the nitrogen adsorption isotherm, Chen and Tang
[35] divided the pore shapes into parallel plate pores, cylindrical pores, and ink-bottle-shaped pores. The pore shapes
are exhibited in Figure 9.
Figure 10 shows the nitrogen adsorption isotherms of
the six coal samples. The adsorption capacities of diﬀerent
samples diﬀer signiﬁcantly. To be speciﬁc, the maximum
adsorption capacities of samples 1-6 are 1.569 cm3/g, 0.762
cm3/g, 7.135 cm3/g, 8.668 cm3/g, 8.055 cm3/g, and 10.566
cm3/g, respectively. Among them, sample 2 has the smallest
adsorption capacity while sample 6 has the largest adsorption capacity. The adsorption capacity varies in a U-shaped
trend, i.e., it decreases ﬁrst and then increases, with the rise
of coal rank.
Based on the nitrogen adsorption isotherms, the six coal
samples can be classiﬁed into the following three categories
in accordance with the pore shapes given in Figure 9.
(1) Samples 1, 2, 5, and 6. Their adsorption isotherms
and desorption isotherms are separated, not overlapping even at a low relative pressure. This shows that
the micropores are relatively developed in the four
samples, and most of the pores belong to parallel
plate pores with four open edges. In the adsorption
process, a turning point which corresponds to the
ink-bottle-shaped pores appears on the desorption
isotherm of sample 1 at the relative pressure of
about 0.5.
(2) Sample 3. Its adsorption isotherms and desorption
isotherms roughly overlap, indicating that it primarily consists of cylindrical pores with one closed end.
Since such pores require equal relative pressures during adsorption and desorption, the adsorption isotherms and the desorption isotherms are basically
not separated.
(3) Sample 4. Its adsorption isotherms and desorption
isotherms do not completely overlap in the whole
nitrogen adsorption process. Instead, they merely
roughly overlap at relatively low pressures and high
relative pressures, indicating the existence of open
permeable and impermeable pores in the sample.
Moreover, a turning point which corresponds to the
ink-bottle-shaped pores appears at the relative pressure of about 0.5.

(a) Parallel plate pore

(b) Cylindrical pore

(c) Ink-bottle-typed pore

Figure 9: Pore shapes corresponding of the adsorption isotherms.

3.3. Joint Characterization of Pore Volume. The volumes of
mesopores and macropores can be accurately tested through
the high-pressure mercury injection experiment, while those
of micropores and small pores can be accurately determined
through the low-temperature nitrogen adsorption experiment. Thus, in this study, the two experiments were combined to jointly characterize the full-size pore volumes of
the six experimental coal samples.
The principle of joint characterization of full-size pore
characteristics is to take the mesopore and macropore
volume data from the high-pressure mercury injection experiment and the micropore and small pore data from the lowtemperature nitrogen adsorption experiment as the full-size
pore volumes of the coal samples. The joint characterization
results are listed in Table 2.
The total pore volumes of the experimental six coal samples lie in the range of 0.0115-0.0284 mL/g. Among them,
sample 1 has the largest pore volume and sample 3 has the
smallest one. The total pore volume varies in a U-shaped
trend, i.e., it decreases ﬁrst and then increases, with the
increase of coal rank. Speciﬁcally, with respect to macropores
and mesopores, Sample 1 and sample 3 correspond to the
largest and smallest pore volumes, respectively. With respect
to small pores, sample 1 and sample 6 correspond to the largest and smallest pore volumes, respectively. With respect to
micropores, sample 6 and sample 4 correspond to the largest
and smallest pore volumes, respectively. In the measured
data, micropores share a relatively consistent variation trend
with the total pore volume.
3.4. Joint Characterization of Pore Speciﬁc Surface Area.
According to the principle of joint characterization given in
Section 3.3, the pore speciﬁc surface areas of the six coal samples are characterized. The characterization results are listed
in Table 3.
The total pore speciﬁc surface areas of the six experimental coal samples lie in the range of 2.099-8.168 m2/g. Among
them, sample 4 has the smallest pore speciﬁc surface area and
sample 6 has the largest one. The total pore speciﬁc surface
area also varies in an approximately W-shaped trend with
the rise of coal rank. The pore speciﬁc surface areas of all
the six coal samples present the following variation trend:
micropores>small pores>mesopores>macropores. In addition, under the condition of the same coal rank, the pore speciﬁc surface areas of small pores and micropores are much
larger than those of mesopores and macropores. This means
that mesopores and macropores contribute little to the pore
speciﬁc surface area of coal, while micropores are the main
contributor to it. Generally, the coal with a larger total pore
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Figure 10: Nitrogen adsorption isotherms of experimental coal samples.

speciﬁc surface area boasts stronger adsorption capacity.
Hence, micropores are the main controlling factor that determines the adsorption capacity of coal.

4. Discussion
4.1. Eﬀect of Metamorphic Degree on Pore Volume. In this
section, correlation analysis was conducted on the pore volumes and volatile matter contents of the six coal samples
after joint characterization. Through ﬁtting, it is found that
the relationship between pore volume and volatile matter
content conforms to a binomial relationship. For all the six

coal samples, the pore volume varies in a trend resembling
a reverse parabola with the increase of the volatile matter
content (Figure 11).
Based on the correlation analysis on the results of ﬁtting
between pore volume and volatile matter content, the following conclusions can be drawn.
(1) The ﬁtting degrees R2 of macropores, mesopores, and
micropores are all above 0.75, which means that the
ﬁtting curves can well reﬂect the relationship between
volatile matter content and pore volume. In the stage
of low metamorphic degree (V daf > 25%), the volumes
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Table 2: Joint characterization results of pore volume.

Sample

Pore volume (mL/g)
Mesopore
Small pore

Macropore

Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6

0.0124
0.0087
0.0030
0.0047
0.0062
0.0054

0.0040
0.0030
0.0010
0.0012
0.0022
0.0026

Total pore volume (mL/g)

Micropore

0.0080
0.0057
0.0052
0.0047
0.0040
0.0055

0.0040
0.0030
0.0018
0.0016
0.0046
0.0067

0.0284
0.0204
0.0110
0.0122
0.0170
0.0202

Table 3: Joint characterization results of pore speciﬁc surface area.
Sample

Speciﬁc surface area (m2/g)
Mesopore
Small pore

Macropore

Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6

0.027
0.017
0.017
0.003
0.002
0.001

0.154
0.126
0.085
0.042
0.030
0.065

Total speciﬁc surface area (m2/g)

Micropore

1.127
0.757
0.691
0.610
0.467
0.820

2.913
2.005
2.017
1.444
4.689
7.282

4.221
2.905
2.810
2.099
5.188
8.168
0.014
0.0040

0.007

0.008

0.012
0.0035

0.006

Pore volume (mL/g)

0.007
0.010
0.005

0.0030
0.006

0.008

0.004

0.006

0.003

0.0025
0.0020
0.0015

0.002

0.004

0.001

0.002

0.005

0.004
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Figure 11: Curves of ﬁtting between volatile matter content and pore volume.

of various pores all surge notably with the increase of
volatile matter content. In the stage of medium metamorphic degree (15% < V daf < 25%), they are rarely
aﬀected by the volatile matter content, just changing
slightly. In the stage of high metamorphic degree
(V daf < 15%), they drop considerably with the increase
of volatile matter content

(2) The ﬁtting degree R2 of small pores is 0.73, which
means that the ﬁtting curves can roughly reﬂect relationship between volatile matter content and pore
volume. The pore volume grows continuously with
the increase of volatile matter content, indicating that
the volume of small pores is greatly aﬀected by the
volatile matter content

Geoﬂuids
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Figure 12: Curve of ﬁtting between volatile matter and pore speciﬁc surface area.

4.2. Eﬀect of Metamorphic Degree on Pore Speciﬁc Surface
Area. In this section, correlation analysis was conducted on
the pore speciﬁc surface areas and volatile matter contents
of the six coal samples after joint characterization. Through
ﬁtting, it is disclosed that the relationship between pore speciﬁc surface area and volatile matter content conforms to a
binomial relationship. For all the six coal samples, the pore
speciﬁc surface area also varies in a trend resembling a
reverse parabola with the increase of the volatile matter content (Figure 12).
Based on the correlation analysis on the results of ﬁtting
between pore speciﬁc surface area and volatile matter content, the conclusions are as follows.
(1) The ﬁtting degrees R2 of macropores and mesopores
are both higher than 0.8, which means that the relationship between volatile matter content and pore
speciﬁc surface area is well reﬂected. With the
increase of volatile matter content, the ﬁtting curves
of speciﬁc surface areas of macropores and mesopores present an upward trend, which demonstrates
that the numbers of macropores and mesopores grow
gradually
(2) The ﬁtting degree R2 of small pores is 0.62, which
means that the relationship between volatile matter
content and pore speciﬁc surface area is roughly
reﬂected. In the stage of low metamorphic degree,
the pore speciﬁc surface area surges sharply, indicating the rapid growth of the number of small pores.
In the stage of medium metamorphic degree, it is

barely aﬀected by the volatile matter content, and
the number of small pores changes slightly. The
stage of high metamorphic degree witnesses the
rapid decreases of pore speciﬁc surface area and
number of small pores
(3) The ﬁtting degree R2 of micropores is 0.94, which
means that the relationship between volatile matter
content and pore speciﬁc surface area is excellently
reﬂected. In the stage of medium metamorphic
degree, the pore speciﬁc surface area changes insigniﬁcantly, suggesting the small change of the number
of micropores. In the stages of low and high metamorphic degrees, it changes sharply, showing the
great change of the number of micropores

5. Conclusions
In this study, the pore size, pore size distribution, and
pore speciﬁc surface area of six diﬀerent-rank coal samples
from typical mining areas in China were calculated based
on the results of high-pressure mercury injection and lowtemperature liquid nitrogen adsorption experiments. Furthermore, the full-size pore characteristic parameters of coal
samples were jointly characterized by the two methods. Finally,
the inﬂuences of metamorphic degree on pore structure were
discussed. The following main conclusions were drawn:
(1) The results of the high-pressure mercury injection
experiment and the low-temperature nitrogen adsorption experiment on the six coal samples reveal that the
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speciﬁc surface area of micropores accounts for the
largest proportion, which indicates that micropores
determine the adsorption capacities of coal samples
and are the main space for gas adsorption. Besides,
with the increase of metamorphic degree, the pore volumes and pore speciﬁc surface areas of the six coal
samples all decrease ﬁrst and then increase
(2) The results of the two experiments also disclose that
the pore shape characteristics of the six coal samples
diﬀer notably. Such diﬀerences are a proof of the heterogeneity of surface properties of coal samples
(3) According to the results of joint characterization, the
volumes and speciﬁc surface areas of micropores,
small pores, mesopores, and macropores exhibit
varying variation trends with the change of metamorphic degree. Speciﬁcally, the pore volume varies in a
U-shaped trend while the pore speciﬁc surface area
changes in an approximately U-shaped trend with
the increase of coal rank
(4) The ﬁtting degrees of volatile matter content and
pore volume and those of volatile matter content
and pore speciﬁc surface area are all greater than
0.6. The ﬁtting curves can well reﬂect the inﬂuences
and controlling mechanisms of metamorphic degree
on pore volumes and pore speciﬁc surface areas of
coal samples. With the increase of volatile matter
content, the pore volume and the pore speciﬁc surface area both vary in a trend resembling a reverse
parabola
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