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At the present time, it is of major significance to study the solid-liquid-gas three-phase coupling relationship of coal, water, and gas
in deep-mining stopes in order to prevent and control coal and gas outbursts in high-gas mines. In this study, the influence rules of
water on the mechanical characteristics of coal, as well as gas diffusion and migration processes, was examined by combining
theoretical analysis and laboratory testing procedures. The results showed that with increases in water content, the mechanical
characteristics of coal bodies presented change trends of first increasing and then decreasing. In this study, it was found that the
water content levels which corresponded to the maximum shear strength of the coal in the No. 8 coal seam in the study area
had ranged between 6.77% and 11.9%, and the water content level corresponding to the extreme point was 8.66%. It was
observed that under different water content conditions, the gas desorption speeds of the coal bodies gradually decreased over
time. The gas desorption speeds rapidly decreased during the initial desorption stage and then gradually decreased over time.
Furthermore, under the different water content conditions, the amount of gas desorption in the coal bodies was observed to
gradually increase over time, with the initial desorption amounts displaying rapid increases. Then, with the passage of time, the
increase speeds of the gas desorption amount gradually decreased and finally tended to remain at a stable value. It was found
that with the increases in water content, the desorption speeds, initial desorption speeds, and desorption amount of gas in the
coal bodies continuously decreased. In other words, the water content levels in the coal bodies were negatively correlated with
the gas desorption speeds and desorption amounts of the coal bodies. In addition, the gas desorption speeds, initial desorption
speeds, and desorption amounts were observed to change more sharply with the increases in water content. The results of this
research hold important guiding significance for the improvement of the understanding of the mechanical properties of high-
gas coal seams and the implementation of effective gas control measures.

1. Introduction

Coal gas is a type of unconventional natural gas which is
mainly stored in coal fractures and pores in an adsorption
state. The mechanical characteristics of coal, along with the
diffusion and migration characteristics of gas, are closely
related to the water content in the coal bodies [1, 2]. There-
fore, as a type of fluid medium for gas-bearing coal, water
can create an occurrence environment of a solid-liquid-gas

three-phase coupling after entering the coal bodies. The char-
acteristics of the water stimulate the unique and complex
action mechanisms of coal seam water injection technology
and have the application value of integrating multiple func-
tions into one function [3–5].

When water intrudes into coal bodies, the mechanical
properties of the coal bodies can change. In addition, the
stress distributions of the stopes and the gas adsorption and
desorption performances of the coal bodies may be altered.
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In accordance with the laboratory test and empirical field
study results, it is generally believed that outburst risks will
be weakened when the water content of the outburst coal
seams is increased to a certain degree [6–8]. It was deter-
mined in previous research investigations that loose and soft
coal bodies are characterized by micropore development,
poor pore connectivity, small lumpiness, and abundant fine
particles due to the influences of tectonic activities. As a
result, the agglomeration and cementing of particles after
water injection treatments tend to promote the enhancement
of the coal body strength [9, 10].

It has been revealed through extensive field tests and lab-
oratory simulations following water injections, the concen-
trated stress in front of mine working faces will move
forward. Moreover, the factor of the stress concentration
decreases, and the pressure relief zones become wider,
thereby allowing the elastic potential energy in the coal bod-
ies to be alleviated. Generally speaking, the plasticity is
enhanced, and the resistance to outburst risks is improved
overall [11–13]. However, it is considered that residual water
in the pores will block the gas migration channels after water
injections, which will have certain impacts on the gas release
rates [14–16]. It is also considered that the inhibition effects
on gas desorption of water may be due to the fact that the
capillary force reduction effects caused by the amplification
of pore channels by pressure water is generally smaller than
the capillary force increase effects caused by the original pore
scales [17–19]. The results of gas diffusion experiments have
indicated that the gas desorption amounts and desorption
speeds will be affected to a certain extent when the water con-
tent levels in coal bodies are higher.

There are many types of technology and methods cur-
rently adopted to increase water content levels in coal bodies.
These mainly include coal seam water injections, hydraulic
cutting, hydraulic fracturing, hydraulic punching, hydraulic
extrusions, and hydraulic channeling. From a mechanical
point of view, the above-mentioned methods use water pres-
sure levels which are higher than the formation stress or coal
failure resistance in order to impact the coal bodies and cause
fracturing and pore openings to occur. These repeated distur-
bances are referred to as “compression-expansion-
compression” disturbance and have been found to improve
the permeability of reservoirs. With the implementations of
hydraulic permeability improvement processes, the water
content levels in the coal bodies will inevitably increase,
which will affect the adsorption and desorption processes of
coal gas to a certain extent [20–24].

In the above study, the mechanical characteristics of
moisture on coal and the change characteristics of moisture
on gas adsorption and desorption performance were studied
by various methods. However, the specific laws, degrees, and
quantifications of the influencing effects of water on coal gas
adsorption and desorption require further examination. The
specific influence rules of different amounts of water content
on the mechanical characteristics of coal had not yet been
fully revealed. The coupling relationship between the gas dif-
fusion and migration processes and the mechanical charac-
teristics of the coal under different water content conditions
also needs further clarification.

2. Analysis of the Influence Mechanisms of
Water in Regard to the Mechanical
Characteristics of the Coal Bodies

It has been determined that liquid bridge force is formed by
the overlapping effects of water molecules between coal par-
ticles, and the content of the water molecules will determine
the size of the liquid bridge force. It has been observed that,
for the majority of the coal particles, since the partial pressure
of the ambient water vapor is higher than the saturated vapor
pressure on the surfaces of particles in humid air environ-
ments, the supersaturated water vapor can easily condense
into liquid water on the surfaces of particles and form a water
film. The thicknesses of water film on the particle surfaces are
dependent on the relative humidity of the air and wettability
of the particle surfaces. For example, the higher the relative
humidity in the air environment is, the stronger the hydro-
philicity of the particles will be, and the thicker the water film
on the surfaces of the particles will be. Then, when the parti-
cles with water film come into contact with each other, the
liquid bridge force will be formed at the contact point of
the particles [25].

Liquid bridges will be formed between the coal bodies
and the water after mixing and contact actions, and the liquid
bridge force will affect the mechanical characteristics of the
coal bodies. Therefore, the mechanical characteristics of the
coal bodies will inevitably change with any changes in the
water content levels. Figure 1 shows the form of liquid brid-
ges between wet coal particles.

When the water content levels of coal bodies are within a
small range, some of the strong hydrophilic particles in the
coal particles will first begin to form liquid bridges with the
water. Then, as the water content gradually increases, the
number of liquid bridges formed by the coal particles and
water will also increase correspondingly. As the total liquid
bridge force increases, the strength of the coal bodies also
increase. For example, when the water content levels are large
and the water amount continues to be increased, the liquid
bridge force between the particles will change from a suction
force to a repulsion force. As a result, the total liquid bridge
force will be reduced, along with the strength of the coal
bodies.

3. Analysis of the Influence Mechanisms of the
Water in Regard to the Gas Adsorption and
Desorption Processes of the Coal Bodies

3.1. Analysis of the Existence Forms of the Water Content
within the Coal Bodies. In this field of study, the water within
coal bodies is generally divided into three forms according to
the existence state as follows: external water, internal water,
and combined water. The external water refers to the water
attached to the coal particle surfaces, as well as that adsorbed
by the large capillaries on the coal body surfaces. The external
water combines with the coal in mechanical way. This is only
related to the external conditions, but not to the coal quality
itself. When coal particles become dry in the air, the external
water of the coal is easily evaporated until the vapor pressure
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on the coal surface becomes balanced with the relative
humidity of the air. Therefore, the external water does not
affect the gas adsorption amounts and gas diffusion coeffi-
cients of the coal particles. The internal water is the water
absorbed by the inner small capillaries of the coal, and the
water in this state cannot be lost at normal temperatures.
However, the internal water can be potentially lost when
heated to a certain temperature. The larger the inner surface
areas of the coal is, the more capillary tubes there will be and
the higher the internal water content will be. It has been
determined that the internal water is the main factor affecting
the adsorption of gas by the coal. The combined water refers
to the water existing in a combination form with the mineral
compositions of the coal. It is considered that the gas adsorp-
tion capacities and diffusion coefficients of coal particles are
not affected by the water in a combined state. Therefore, it
was considered in this study that the internal water was the
main factor affecting the gas diffusion law [26].

3.2. Influence Mechanisms of the Water in Regard to the Gas
Adsorption of the Coal Bodies. It is known that there is a
direct relationship between the gas limiting diffusion
amounts and the gas adsorption amounts, as shown in For-
mula (1). In this study, the influences of water on the gas
adsorption amounts were mainly analyzed. It was observed
that when the water molecules competed with the gas for
adsorption under water equilibrium conditions, the electro-
static force (Keeson Force) between the coal molecules and
water molecules was much larger than the acting force
between the coal molecules and the methane molecules due
to the polarity of the water molecules. In addition, there were
hydrogen-bond interaction forces between the coal and water
molecules of the same order of magnitude, which are referred
to as the London Force. Therefore, it was considered that the
water molecules were more likely to occupy the adsorption
sites of the coal matrix surfaces and then combine with the
oxygen-containing functional groups through hydrogen
bonds, resulting in the reduction of the gas adsorption
amounts of the coal bodies [27].

Q∞ = abp
1 + bp

en Ts−Tð Þ −
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× 100 − Aad −Mad

100 ,
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where p refers to the equilibrium pressure of the coal
adsorbed gas (MPa), a indicates the adsorption constant or

the limiting adsorption amount of the coal at the test temper-
ature (m3/t), b is the adsorption constant (MPa-1), Ts repre-
sents the test temperature for the determination of A and B
(K), T denotes the temperature for the gas adsorption test
of the coal (K), Mad represents the water mass fraction in
the coal body (%), n is the coefficient, n = 0:02/0:993 + 0:07
p, p0 indicates the atmospheric pressure for the gas desorp-
tion test of the coal (MPa), and T0 is the ambient tempera-
ture of the gas diffusion test of the coal (K).

3.3. Influence Mechanisms of the Water in Regard to the Gas
Diffusion and Migration of the Coal Bodies. The internal
water and portions of the external water in the coal bodies
will combine with the coal surfaces through wetting effects
and occupy a certain number of adsorption vacancies on
the coal surfaces. Methane molecules are adsorbed in the
vacancies not occupied by water molecules and on the sur-
faces of the first layers of the water molecules. The former
then have blocking effects on the surface diffusion of the
methane due to the adsorption heat between the water mol-
ecules and the coal particle surfaces being high and stable.
The latter can reduce the pore diameters to a certain extent
and increase the diffusion resistance of the gas molecules
after desorption. In particular, the pores with the Knudsen
diffusion (diameters less than 100nm) tend to be greatly
affected by this factor. In the present study, since the diame-
ters of water molecules were approximately 4 nm, which was
equivalent to that of the methane molecules, the water mole-
cules were adsorbed in multiple layers. However, in the small
pores that the free water could not reach, since the water had
a certain vapor pressure, small amounts of the water mole-
cules existed in the small pores of coal in a gas state, effec-
tively blocking the diffusion channels of methane molecules
or increasing the resistance of the transition diffusion and
molecular diffusion of the methane gas molecules in the
mesopores and macropores. As a result, the diffusion coeffi-
cients were reduced.

In this experimental study, in accordance with the influ-
ence mechanism of the water in regard to the gas adsorption
and desorption in the coal bodies, it was found that injecting
a certain amount of water into the coal seam was helpful in
controlling the coal seam gas.

4. Variation Laws of the Mechanical
Characteristics of the Coal Bodies under
Different Water Content Conditions

Due to the fact that the stability of the coal bodies in mine
working faces is mainly reflected by the shear strength of
the coal bodies, and the stability of the coal seam walls in
working faces directly affects the release conditions of gas
in the coal bodies, coal bodies with poor stability may easily
cause sudden gas emissions and result in coal and gas out-
burst accidents. In order to address these issues, this study
mainly used the obtained coal shear strength values to repre-
sent the mechanical characteristics of the coal. In addition,
the evolution laws of the mechanical characteristics of the
coal under different water content conditions were obtained
through the conducting of shear tests on the coal.

Figure 1: Liquid bridges between wet granular coal particles.
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4.1. Experimental Design and Equipment. In this experimen-
tal investigation, a number of raw coal samples were taken
from the No. 8 coal seam of the Xieqiao Coal Mine located
in China’s Huainan Mining Area. The samples were sealed
and transported back to this study’s laboratory facilities for
drying and crushing. A standard sieve was used to screen
out the coal particles with particle sizes less than 2mm, and
260 g of the screened coal particles was mixed with water of
different masses and allotted numbers. Then, shear tests of
coal under different water content conditions were carried
out. The experimental results were analyzed in order to
determine the variation trends of the shear strength
(mechanical characteristics) of different coal bodies under
various water content conditions.

4.2. Experimental Device and Processes

4.2.1. Experiment Device. This study’s experiments were car-
ried out using the available equipment in the National Key
Laboratory of Mining Response and Disaster Prevention
and Control in Deep Coal Mines at Anhui University of Sci-
ence and Technology. The equipment included a strain-
controlled direct shear apparatus (Figure 2) equipped with
the following main components: a shear box, vertical com-
pression frame, dynamometer, driving mechanism, and so
on. In addition, a displacement meter (dial indicator) with
a range of 5 to 10mm and division value 0.01mm; scale with
a weighing value of 500 g and division value of 0.1 g; cutting
ring with an inner diameter 6.18 cm and height of 2 cm;
and a drying oven were utilized in this study’s experiments,
as shown in Figure 3.

4.2.2. Experiment Process

(1) Direct Shear Experiment. First, 80 g of the coal samples
taken from the No. 8 coal seam was placed in the shear box
of the direct shear apparatus. The handwheel was turned so
that the steel ball at the front end of the upper box had just
come in contact with the dynamometer. Then, the dyna-
mometer reading was adjusted to zero. At that point, a gland
plate, steel ball, and pressure frame were added successively.
S1 vertical pressure (50 kPa) was then applied and the fixed
pin was pulled out. A stopwatch was started, and a shear
pressure at a rate of 0.8 to 1.2mm/min was applied by rotat-
ing the handwheel at a uniform speed of 4 to 6 revolutions
per minute until the specimen was completely sheared and
damage had occurred. The dynamometer readings were mea-
sured and recorded for each rotation of the handwheel. In
this study’s experimental design, S2 (100 kPa), S3 (200 kPa),
and S4 (400 kPa) vertical pressures were successively applied,
and the shear parameters of the specimen were measured
under the different vertical pressure conditions. The experi-
mental steps were then repeated.

(2) Determination of the Water Content Levels. A portion of
the wet coal samples after shear failure were selected and
weighed in to obtain the weight M1. The sample was dried
in a drying oven at 105°C to 110°C for 24 hours. The sample
was removed from the oven and cooled in a dryer to room

temperature and then weighed for the purpose of obtaining
the weight M2.

4.3. Analysis of the Change Rules of the Mechanical
Characteristics of the Coal Bodies under Different Water
Content Conditions

4.3.1. Determination of Water Content in the No. 8 Coal
Seam. In the present study, in accordance with the weight
of the coal samples measured before and after drying, the
water content of the different experimental groups of coal
was successfully calculated, as shown in Table 1. The results
indicated that the water content levels of the No. 1 to No.
13 samples had increased accordingly with the increases in
the pure water mass added into the pulverized coal.

4.3.2. Change Law of the Cohesion of the No. 8 Coal Seam
with Different Water Contents. The values of the S1, S2, S3,
and S4 applied pressure experiments were obtained for each
group of coal samples. Then, the S values of each group of
experiments using the No. 1 to No. 13 samples were linearly
fitted. The intercept in the linear fitting results was the cohe-
sion of the coal, in other words, the shear strength of the coal.
The shear strength indexes under the different water content
conditions are detailed in Table 2.

The change trends of the cohesion with the different
water content levels are shown in Figure 4. It was found that
when combined with the analysis results shown in Table 2, it
could be seen that for the water content in the range of 2.02%
to 18.83%, the cohesion in the coal samples had first
increased and then decreased with the increases in water con-
tent. In addition, the water content percentages correspond-
ing to the maximum cohesion ranged between 6.77% and
11.9%, and the water content level at the maximum coal
strength was determined to be 8.66%.

5. Laws of the Gas Diffusion and Migration of
the Coal Samples under Different Water
Content Conditions

An experimental method of gas adsorption and desorption of
coal bodies was adopted in this study in order to examine the
change laws of the gas diffusion amounts and diffusion
speeds of the No. 8 coal seam under different water content

Figure 2: ZJ-type strain-controlled direct shear apparatus.
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conditions. In addition, the influence laws of the water con-
tent in regard to the dynamic processes of the coal particle
gas diffusion were explored in order to provide a certain basis
for the prediction and prevention of coal and gas outbursts.

This study carried out gas desorption and diffusion
experiments using dry coal samples (water content of 0), as
well as examining coal bodies with water content levels of
2.95%, 6.37%, 9.24%, and 11.71%, respectively.

5.1. Influence Laws of the Water Content in Regard to the Gas
Desorption Speeds. Figure 5 shows the change laws of the gas
desorption speeds of the coal bodies in the No. 8 coal seam
with time at the water content levels of 0, 2.95%, 6.37%,
9.24%, and 11.71%, respectively. It can be seen in the figure
that the gas desorption speeds of the coal bodies under differ-
ent water content conditions had gradually decreased over
time. The gas desorption speeds were observed to decrease
more rapidly during the initial desorption stage, continued
to gradually decrease over time, and finally tended to be
maintained at 0. Since the gas desorption speeds have impor-
tant influencing effects on the amounts of gas desorption and
gas release, the larger the desorption speed during the early
stages of the gas desorption and release process was, the more
favorable the gas desorption effects would be. Meanwhile, the
smaller the initial desorption speeds were, the more unfavor-
able the conditions for gas desorption would be.

Figure 6 details the variation laws of the initial gas
desorption speeds with time under the different water con-
tent conditions. It can be seen in Figures 5 and 6 that the ini-
tial gas desorption speeds under the water content conditions
of 0, 2.95%, 6.37%, 9.24%, and 11.71% in the coal bodies were
determined to be 1,775.02ml/min, 1,703.82ml/min,
1,647.69ml/min, 1,518.93ml/min, and 1,294.15ml/min,
respectively. Therefore, it was ascertained from the above-
mentioned results that the gas desorption speeds and initial
desorption speeds of the dry coal were the largest. Then, with
the increases in water content in the coal bodies, the initial
gas desorption speeds and desorption speeds had gradually
decreased, and the decreases in the initial gas desorption
speeds were faster with the increases in the water content,
as shown in Figure 6. During the entire coal gas desorption
process, it was found that the lower the water content was,

the greater the gas desorption speeds would be. In other
words, there was a negative correlation observed between
the coal water content levels and the gas desorption speeds.
This study determined that, according to the desorption
speeds during the latter stage, which had displayed a change
curve in the desorption speeds with time, the gas desorption
speeds of the coal bodies had still maintained a certain value
under the conditions of the low water content. At the same
time, the gas desorption speeds of the coal bodies with higher
water content basically tended to stabilize to 0, which showed
that lower water content levels resulted in larger gas adsorp-
tion amounts, and higher water content levels resulted the
lower gas adsorption amounts. That is to say, there was also
a negative correlation observed between the coal water con-
tent levels and the gas desorption amounts.

5.2. Influence Laws of the Water Content in Regard to the Gas
Desorption Amounts. Figure 7 details the change laws of the
gas desorption amounts with time in the No. 8 coal seam
under the water content conditions of 0, 2.95%, 6.37%,
9.24%, and 11.71%, respectively. It can be seen in the figure
that, under the different water content conditions, the gas
desorption amounts of the coal bodies had gradually
increased with time, and the initial desorption amounts had
increased more rapidly. It was observed that with the passage
of time, the increased speeds of the gas desorption gradually
decreased and finally tended toward a stable value. Since the
initial gas desorption speeds of the coal bodies were higher,
the gas desorption amounts were also relatively large. There-
fore, it was indicated that the larger the gas desorption
amount during the initial stage was, the more favorable the
gas desorption conditions would be. However, smaller
amounts of gas desorption during the initial stage were
observed to be unfavorable conditions for the gas desorption
processes. In summary, it was found that the smaller the ini-
tial gas desorption amounts were, the smaller the instanta-
neous gas emissions under the site conditions would be,
and the more favorable the potential for coal mining would
be. However, the larger the initial gas desorption amounts
were, the greater the instantaneous gas emissions under the
site conditions would be, and the more unfavorable the con-
ditions for coal mining activities would be.

Figure 8 shows the initial gas desorption speeds of the
coal bodies under different water content conditions. It can
be seen in Figures 7 and 8 that the gas desorption amounts
under the water content conditions of 0, 2.95%, 6.37%,
9.24%, and 11.71% were 539.74ml, 501.71ml, 476.23ml,
439.68ml, and 372.26ml, respectively. It was also determined
from the above-mentioned results that the maximum gas
desorption amount of the dry coal was the largest. However,
with the increases in water content levels in coal bodies, the
gas desorption amounts had gradually decreased. Moreover,
the increases in water content had caused the gas desorption
amounts to decrease more violently, as shown in Figure 6.
During the entire gas desorption process of coal bodies, it
was observed that the lower the water content levels were,
the larger the gas desorption amounts would be. A negative
correlation was observed between the water content levels
of the coal bodies and the gas desorption amount.

Figure 3: Drying box.
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Table 1: Determination result of the water content.

No.
Weight
before
drying/g

Weight after
drying/g

Water
content/%

Average value of
water content/%

No.
Weight
before
drying/g

Weight after
drying/g

Water
content/%

Average value of the
water content/%

1

36.98 36.19 2.18

2.12 8

46.48 41.43 46.48

11.90
42.09 41.18 2.21 36.08 32.21 36.08

37.78 37.01 2.08 27.6 24.69 27.6

43.95 43.09 2.00 55.24 49.49 55.24

2

43.05 41.48 3.78

3.60 9

48.26 42.2 48.26

13.96
46 44.36 3.70 46.38 40.6 46.38

50.54 48.81 3.54 42.5 37.25 42.5

60.34 58.38 3.36 43.39 38.35 43.39

3

41.03 39.01 5.18

4.98 10

37.58 32.22 37.58

16.64
53.45 50.88 5.05 53.24 45.46 53.24

47.46 45.25 4.88 37.38 32.09 37.38

56.09 53.52 4.80 52.69 45.29 52.69

4

46.35 43.58 6.36

6.77 11

55.37 46.41 55.37

19.21
24.88 23.32 6.69 59.11 49.42 59.11

58.79 54.92 7.05 47.02 39.67 47.02

48.77 45.58 7.00 48.45 40.58 48.45

5

44.47 40.86 44.47

8.66 12

46.6 39 46.6

19.01
40.2 36.97 40.2 33.83 28.52 33.83

42.66 39.22 42.66 42.25 35.62 42.25

49.32 45.54 49.32 56.39 47.26 56.39

6

48.68 44.11 48.68

10.18 13

57.53 47.12 57.53

21.93
43.41 39.35 43.41 54.59 44.71 54.59

35.16 31.91 35.16 53.66 43.95 53.66

50.01 45.52 50.01 45.24 37.26 45.24

7

57.69 49.57 57.69

15.40
57.57 49.55 57.57

58.08 50.6 58.08

60.67 53.11 60.67

Table 2: Shear strength index under different water content conditions.

No. Water content (%)
S1

(kPa)
S2

(kPa)
S3

(kPa)
S4

(kPa)
Cohesion
c (kPa)

Tan
φ

Angle of internal friction
φ (°)

1 2.12 8.963 15.588 31.956 62.353 0.881 0.154 8.744

2 3.60 8.262 16.368 30.397 63.132 0.251 0.156 8.878

3 4.98 9.548 16.173 34.684 64.106 1.576 0.158 8.956

4 6.77 8.963 16.173 31.566 59.235 2.025 0.144 8.183

5 8.66 9.353 18.511 33.515 62.158 2.914 0.149 8.486

6 10.18 9.821 16.952 31.761 60.209 2.665 0.144 8.200

7 11.90 9.431 17.147 30.202 59.625 2.360 0.143 8.116

8 13.96 9.431 15.588 28.448 59.625 1.234 0.144 8.205

9 15.40 8.379 15.276 29.812 60.794 0.385 0.150 8.548

10 16.64 8.184 15.783 27.864 60.015 0.322 0.147 8.385

11 19.21 8.184 15.588 31.566 60.989 0.737 0.151 8.598

12 19.01 8.768 16.173 32.151 61.963 1.203 0.152 8.660

13 21.93 8.574 16.056 35.073 65.860 0.478 0.165 9.364
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Furthermore, according to the last stage of the change curve
of the desorption amounts with time, the gas desorption

amounts of the coal bodies under the condition of low water
content were still on the rise, while the gas desorption
amounts of the coal with higher water content had basically
tended to enter a stable state. It was also found that in accor-
dance with the gas desorption speeds, the lower the water
content levels in the coal bodies was, the stronger the gas
adsorption capacity would be, and the larger the gas adsorp-
tion force would be. It could be seen form this study’s results
that the higher the water content levels were, the weaker the
gas adsorption capacity would be. In summary, there was also
a negative correlation observed between the coal water con-
tent levels and the gas adsorption capacity.

It was indicated from the aforementioned study results
that the gas adsorption capacities of the coal bodies were neg-
atively correlated with the water content levels. This was
determined to have been caused by the fact that the interac-
tion force between the water and coal particles was far greater
than that between the methane molecules (gas) and coal par-
ticles. This had led to the coal bodies having weaker gas
adsorption capacities with the higher water content. There-
fore, there was also a negative correlation between the gas
desorption process and diffusion speeds and the water con-
tent levels in the coal bodies. This was attributed to the fact
that the existence of the water had blocked the diffusion
channels of the methane molecules, increased the resistance
to the transition diffusion and molecular diffusion of the
methane gas molecules in the mesopores and macropores
of the coal bodies, and reduced the diffusion coefficients.
Therefore, it was concluded that the higher the water content
levels were, the lower the gas diffusion speeds of the coal bod-
ies would be.

6. Conclusions

This study examined the solid-liquid-gas three-phase cou-
pling relationship between coal, water, and gas and revealed
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Figure 4: Change trends of the cohesion with different water
content levels in the coal samples.
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Figure 5: Comparison diagram of the change laws of the gas
desorption speeds with time under different water content
conditions.
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Figure 6: Initial gas desorption speed of the coal bodies under
different water content conditions.
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Figure 7: Comparison diagram for the change laws of the gas
desorption amounts with time under different water content
conditions.
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the influence mechanisms of water on the mechanical char-
acteristics of coal bodies, as well as gas diffusion and migra-
tion processes. This study’s results also revealed the
evolution laws of the mechanical characteristics of coal bod-
ies and gas diffusion and migration laws under different
water content conditions. The research results have impor-
tant guiding significance for the improvement of mechanical
properties of high-gas coal seam and gas control and can
effectively prevent the occurrence of coal wall spalling and
gas outburst. The following conclusions were obtained in this
study:

(1) This study experimental examination of the mechan-
ical characteristics of the coal bodies under different
water content conditions revealed that with the
increases in water content, the mechanical character-
istics presented a change trend of first increasing and
then decreasing. The water content levels which cor-
responded to the maximum shear strength of the No.
8 coal seam in the study area were determined to be
in the range of 6.77% to 11.9%. The water content
level which corresponded to the extreme value point
was 8.66%. The results obtained in this study sug-
gested that reasonable water injection processes
should be carried out to improve the strength of coal
bodies in working faces. It was considered that by
improving the physical and mechanical characteris-
tics of the coal bodies, the stability could be
improved, and the spalling of the coal walls could
be prevented

(2) The results of this experimental study also indicated
that the gas desorption speeds of the coal bodies
had gradually decreased with time under the different
water content conditions. It was observed that the gas
desorption speeds rapidly decreased during the initial
desorption stage, yet the speed decreases became
gradually slower with time. In addition, it was found
that under the different water content conditions, the
gas desorption amounts in the coal bodies gradually
increased with time, with the initial desorption
amounts displaying rapid increases. Then, with the
passage of time, the increase speeds of the gas desorp-

tion amounts were found to gradually decrease and
finally tended toward a stable value state

(3) It was observed in this study that the dry coal samples
had the largest gas desorption and initial desorption
speeds and the highest desorption amounts. How-
ever, with the increases in the water content, the gas
desorption speeds, initial desorption speeds, and
desorption amounts of the coal bodies were found
to continuously decrease. That is to say, the water
content levels in the coal bodies were found to be
negatively correlated with the gas desorption speeds
and desorption amounts, and the above-mentioned
parameter values had changed more noticeably with
the increases in the water content levels.

Data Availability
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included within the article.
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