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Introduction: The initial velocity of gas diffusion (ΔP) of coal is an important index
to characterize the outburst risk of coal, and temperature is an important factor
affecting the determination of initial velocity of gas diffusion. However, how to
control the temperature during ΔP determination remains a significant challenge.
Methods: In this paper, an experimental system for ΔP testing under temperature-
controlled conditions was constructed, and the effect of temperature on the ΔP
determination results was further explored by accurately controlling the
temperature of the testing system.
Results: The results show that the temperature change will affect the
determination result of ΔP in the range of 13°C–40°C, and the determination
results do not show obvious regularity.
Discussion: The main reasons for the analysis are as follows: during the
determination of ΔP, although the higher the temperature is, the faster the
speed of gas diffusion and the greater the amount of gas diffusion and the
pressure produced in the first 60 s, but the smaller the amount of gas
adsorption before release. There is a situation of mutual offset between the
two, resulting in the fluctuation of ΔP determination results. It is concluded
that the temperature change will affect the determination of the initial velocity
of gas diffusion, and when ΔP is measured, the temperature of the experimental
system should be consistent with the actual temperature of the sampled coal body
as far as possible, so as to increase the reliability of the measured results for the
prediction of coal and gas outburst. This paper provides an experimental basis for
clarifying the industry standard of temperature related to ΔP.
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1 Introduction

The initial velocity of gas diffusion of coal is an index that indicates how quickly the coal
containing gas changes from adsorption state to free state under the condition of complete
exposure. The greater the initial velocity of gas diffusion, the stronger the initial gas release
capacity of coal body, and the greater the outburst risk of coal seam (Liu and Wang, 2013;
Liang et al., 2018; Sun, 2018). This index has been used as one of the indexes to judge the
danger degree of coal and gas outburst in most countries in the world, and has been widely
used (AQ1080-2009, 2009; Wang and Shi, 1991; Lu, 1992).
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Many scholars have studied the influencing factors of this index
and achieved fruitful results (Chen et al., 2012; Meng and Li, 2016;
Du et al., 2020; Li et al., 2022; Lu et al., 2022). The effects of
adsorption pressure, firmness coefficient, volatile matter, adsorption
equilibrium time, and particle size on the initial velocity of gas
diffusion have also been studied (Jianning, 2010; Xu and Jiang, 2011;
Tan et al., 2012; Xu and Jiang, 2012; Yanwei andMingju, 2015; Yang
et al., 2022). Temperature is one of the important factors. Li et al. (Li
and Jiang, 2009) pointed out that there is a quadratic relationship
between the initial velocity of gas diffusion and the temperature
difference through experiments and curve fitting in the temperature
range of 20°C–24°C, and the higher the temperature is, the smaller
the initial velocity of gas diffusion is Guo, (2018) draws the
conclusion that the initial velocity of gas diffusion decreases with
the increase of temperature in the temperature range of 5°C–30°C
through experimental analysis, and points out that the extent of the
decrease is related to the initial velocity of gas diffusion of coal
sample itself Ma, (2017) thinks that there is a quadratic function
relationship between temperature and initial velocity of gas diffusion
in the temperature range of 15°C–35°C, and the initial velocity of gas
diffusion increases with the increase of temperature before the
extreme point, and decreases with the increase of temperature
after the extreme point.Huang et al. (2019) pointed out that the
error of the same coal sample is large when the experimental
temperature is 10°C–30°C, which is caused by the influence of
room temperature, and the follow-up study should fully consider
the effect of room temperature on the initial gas diffusion velocity of
coal.Guo et al. (2020) pointed out that the initial velocity of gas
diffusion does not decrease in a straight line with the increase of
temperature, and the change of temperature may affect the internal
pressure of gas or the structure of coal matrix.

Although many people at home and abroad have made great
contributions to the study of the influence of temperature on the
determination results of the initial velocity of gas diffusion, in
general, the precise control of temperature during ΔP
determination has rarely been reported. With the continuous
increase of coal mining depth, the phenomenon of coal seam
temperature increase occurs in many mines (Zheng et al., 2011),
and the influence of temperature factors on coal and gas outburst is
increasing. As the main prediction index of coal and gas outburst,
the initial velocity of gas diffusion has no clear requirement for
temperature in the industry standard for its determination, so there
is an urgent need to study the influence of temperature factors on its
determination and define the standard.

This paper constructs the ΔP determination system under the
condition of temperature based on the instrument for measuring the
initial velocity of gas diffusion developed by Henan Polytechnic
University, and realizes the accurate control of the temperature of
the test system. The experiment was carried out strictly according to
the technical standard of AQ 1080-2009 (AQ1080-2009, 2009), and
the effect of temperature on the initial velocity of gas diffusion was
further studied. It is concluded that in the temperature range of
13°C–40°C, the temperature change will affect the determination
results of ΔP, and the determination results do not show obvious
regularity. This paper provides an experimental model and some
data support for the further study on the temperature influencing
factors of ΔP determination.

2 Experimental

2.1 Coal sample collection

Four coal samples were selected for experiment in this paper in
order to make the experimental results comparable. Coal sample 1 is
a soft coal collected from the excavation head of
16041 transportation roadway in Jiaozuo Jiulishan Coal Mine,
which is numbered JR. Coal sample 2 is hard coal collected from
16021 transportation roadway in Jiaozuo Jiulishan Coal Mine,
numbered JY. Coal sample 3 is a soft coal collected from
3101 working face of Hebi No. 8 Coal Mine, which is numbered
HR. Coal sample 4 is hard coal collected from 3103 working face of
Hebi No. 8 Coal Mine, numbered HY. The specific sampling
locations is shown in Figure 1.

In order to fully understand the properties of coal samples, four
coal samples were analyzed industrially according to the industrial
analysis method of coal (GB/T212-2008). The results are as follows,
as shown in Table 1.

2.2 Sample preparation

According to the regulations of GB474 and GB477 in China, the
collected coal samples were crushed and sieved with particle size of
0.2–0.25 mm. The production process of coal sample is shown in
Figure 2. Two specimens are taken from each coal sample, each
weighing 3.5 g. Meanwhile, keep the spare coal sample for repeated
experimental verification.

2.3 Experimental installation

The initial velocity of gas diffusion determination system under
temperature-controlled conditions constructed in this paper is
mainly composed of five parts: the initial velocity of gas diffusion
determination instrument, glass water tank, constant temperature
water bath, gas cylinder and vacuum pump. The instrument for
measuring the initial velocity of gas diffusion is developed by Henan
Polytechnic University. The glass water tank is self-built. Constant
temperature water bath is produced by Chongqing Huida
Experimental instrument Co., Ltd. Other auxiliary experimental
equipment include WY-98B adsorption constant tester, electronic
scale, distiller, sealed hammer crusher, mercury thermometer, and
so on.

In order to clearly show how to accurately control the
temperature of the system, the system model diagram is drawn,
as shown in Figure 3. The realization process of temperature control:
Appropriate amount of water is injected into the glass tank, and then
the well-sealed initial velocity of gas diffusion determination
instrument is placed in it to maintain immersion. The constant
temperature water bath is connected with the glass water tank, and
the temperature of the water in the tank is controlled by the constant
temperature water bath, so as to realize the accurate control of the
temperature of the ΔP determination system. Two thermometers are
placed vertically on both sides of the tank to compare and monitor
whether the water temperature is stable at the set temperature.
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2.4 Experimental process and results

The experiment was carried out strictly according to the
technical standard of AQ 1080-2009 (Liang et al., 2018). In order

to accurately describe the process of the experiment, this paper
makes a schematic diagram of the determination system, as shown
in Figure 4. The specific experimental process is as follows:

2.4.1 Sample preparation
The coal sample with particle size of 0.2–0.25 mm was prepared

according to the 2.2 method. In this experiment, there are 4 coal
samples. In order to make the experimental results reliable, two
samples are taken from each kind of coal sample, one of which is
used as a parallel comparison of coal samples. A total of 8 samples,
each sample weighs 3.5 g.

2.4.2 Sample loading
Eight samples were packed in 8 sample bottles by funnel. Sample

bottle 1 and 5 are filled with JR, sample bottle 2 and 6 are filled with
JY, sample bottle 3 and 7 are filled with HR, and sample bottle 4 and
8 are filled with HY. The latter is the parallel comparison sample of
the former.

2.4.3 Temperature selection
The temperature range selected in the experiment is

13°C–40°C. A total of 6 temperature points were selected,
which are 13°C, 18.5°C, 23°C, 28°C, 35°C and 40°C. There are
three factors to consider: the first is the temperature environment
of the coal mine around 20°C in the actual production; the second
is the development trend of temperature rising with the increase
of mine mining depth; the third is to find the linear law of ΔP
changing with temperature.

FIGURE 1
Sampling locations of experimental coal samples.

TABLE 1 Basic information and parameters of experimental coal samples.

Sample Sampling location Mad (%) Aad (%) Vdaf (%) FCad (%)

JR Jiulishan Mine, Jiaozuo mining area 3.07 11.33 6.28 79.02

JY Jiulishan Mine, Jiaozuo mining area 2.05 21.1 7.02 69.33

HR Hebi No. 8 Mine, Hebi mining area 2.2 15.86 11.03 70.46

HY Hebi No. 8 Mine, Hebi mining area 1.42 9.97 12.42 76.08

Note: Mad, Vdaf and FCad, are the moisture, ash, volatile matter, and Fixed Carbon contents on the air-dried basis, respectively.

FIGURE 2
Sample preparation process.
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2.4.4 Test

Step 1: Check the test system, set the first temperature point to be
investigated at 13°C, and start heating. Enter the second step after it
is constant at 13°C. The temperature of water in the tank was
observed by the two thermometers.

Step 2: Open all coal sample channels, open valves 9 and 10, rotate
three-way valves 11 and 12 to the position where they are connected
up and down, and start the vacuum pump to degas the coal sample
for 90 min.

Step 3: After 90 min of degassing, turn off the vacuum pump, and
then rotate valve 11 to connect methane bottles and all coal sample
bottles. Gas is charged to make coal samples absorb gas for 90 min,
and the charging pressure is maintained at 0.1 MPa.

Step 4:Close the methane bottle and all coal sample bottles in order
to isolate the coal sample bottle from the methane bottle.

Step 5: Rotate the three-way valves 11 and 12 to the position of the
upper and lower connection, and start the vacuum pump to degas
the dead space of the instrument, so that the liquid level of the
mercury column at both ends of the U-shaped mercury column
meter is level.

Step 6: Close valve 12, stop the vacuum pump, then close valve 10.
Open the coal sample bottle 1, start the stopwatch timing when the
coal sample bottle is connected to the dead space of the instrument,
close valve 1 at 10s, write down the upper and lower liquid level
readings of the mercury column meter on the left, and get the P1
value. Open the valve 1 again at 45 s and close valve 1 again at 60 s,
read out the upper and lower liquid level readings of the mercury
columnmeter again, get the P2 value, and then calculate the ΔP value
of coal sample 1 at the temperature of 13°C.

Step 7: Close the coal sample bottle 1 and complete the coal sample
1 test. Open valve 10 and 12, start the vacuum pump to degas the
dead space of the instrument, so that the mercury column surfaces at

FIGURE 3
System model for measuring the initial velocity of gas diffusion under temperature control.

FIGURE 4
The Schematic diagram of ΔP determination under temperature condition.
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both ends of the U-shaped mercury column meter are level. The
same method is used to complete the test of coal sample 2, 3 and
4 ΔP value in turn. The same steps are used to complete the test of
ΔP values of four parallel coal samples 5, 6, 7 and 8 on the right.

Step 8: After all the tests are completed, the difference between the
left coal sample and the corresponding right parallel coal sample ΔP
is calculated. If the difference between the two is greater than 1, the
test result of this group is invalid, and the sample is reloaded for
testing. If the difference is less than 1, the maximum value of the two
will be taken as the determination result of the coal sample. Finally,
the determination results of 4 groups of coal samples under 13 °C
temperature condition are obtained.

The ΔP values of four coal samples at 18.5°C, 23°C, 28°C, 35°C
and 40°C are obtained by re-setting the temperature of thermostatic
water bath and repeating the above steps. The results are shown in
Table 2.

3 Discussion and results

3.1 Experimental analysis

From Figure 3 we can see that the instrument for determination
of initial velocity of gas diffusion is always immersed in a constant
temperature tank in this experiment, the water temperature is

TABLE 2 The ΔP determination results under temperature condition.

Temperature (°C) JR (mmHg) JY (mmHg) HR (mmHg) HY(mmHg)

13 33 18 21 15

18.5 33.5 20.5 22 16.5

23 33 22 22.5 16

28 32.5 21.5 19.5 17

35 31 21.5 20.5 16

40 30.5 23 19.5 16.5

FIGURE 5
The variation curve of ΔP value with temperature.
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controlled by a thermostatic water bath. The temperature difference
is less than 1 °C up and down, and the temperature is relatively
constant. The difference between the experimental process and the
previous experiments is that when measuring the ΔP value at a
certain temperature point, the constructed constant temperature
system can not only ensure that the temperature of the coal sample is
the set temperature, but also ensure that the temperature of the
whole test system is constant at the set temperature. It is not affected
by room temperature. This scheme greatly improves the reliability
and accuracy of the temperature condition in the determination
of ΔP.

According to the experimental results of 2.4, the variation curves
of initial velocity of gas diffusion at different temperatures of JR, JY,
HR, and HY are drawn respectively, as shown in Figure 5.

From Figure 5 we can see that in the temperature range of
13°C–40°C, the initial velocity of gas diffusion jumps up and down
with the increase of temperature, showing no obvious regularity.
From the span, JR is 3, JY is 5, HR is 3, HY is 1.5, compared with the
critical value 10, this is enough to affect people’s judgment on the
risk of coal and gas outburst. From a macro point of view, the initial
gas emission rate of soft coal in Jiaozuo Jiulishan Mine and Hebi No.
8 Coal Mine shows a decreasing trend with the increase of
temperature, while their corresponding hard coal shows a rising
trend. Preliminary judgment: for hard coal, the effect of temperature
rise on gas diffusion rate is greater than that on adsorption, while
soft coal is the opposite.

3.2 Discussion

This paper focuses on the influence of temperature on the
determination of the initial velocity of gas diffusion. According
to the definition of ΔP, ΔP is the difference between the pressure P1
generated by gas diffusion of coal sample in the first 10s and the
pressure P2 produced by gas diffusion of coal sample within 45–60 s,
provided that the basic measurement conditions such as adsorption
equilibrium pressure and particle size remain unchanged. In general,
the determination result is reflected in the amount of gas emission in
the first 60 s of coal sample, which is related to the gas emission rate
and the initial adsorption capacity of coal sample. Therefore, the
discussion of the influence of temperature on the initial velocity of
gas diffusion becomes the discussion of the influence of temperature
on the rate of gas emission and the initial gas adsorption capacity in
the first 60 s.

3.2.1 Analysis of the influence of temperature on
gas diffusion rate

Liu et al. (2013) concluded that the increase of temperature
greatly improves the diffusion ability of gas in coal particles by
enhancing the activity of methane molecules and strengthening the
expansion of pores, especially small pores. Gao, (2013) proved that
in the temperature range of 25°C–45°C, under the same pressure
condition, the higher the temperature, the greater the rate of gas
desorption, and the maximum rate is in the first 60 s, and tends to be
consistent after 3 min. Li (Hong, 2011) believes that in the
temperature range of 20°C–60°C, under the same pressure, the
higher the temperature, the greater the gas desorption rate, and
the maximum gas desorption rate is in the first 60 s. He, (2010)

demonstrated that in the temperature range of 10°C–40°C, the
higher the temperature, the higher the gas desorption rate and
the greater the desorption amount in the same time. Based on the
above research, it can be concluded that the higher the temperature,
the faster the gas emission rate, and the greater the gas emission
amount in the first 60 s, which means that the effect of temperature
on the determination results of initial velocity of gas diffusion is
positively correlated from the perspective of gas disffusion rate.

3.2.2 Analysis of the influence of temperature on
initial adsorption amount of gas

Wang et al. (2016); (Zhang et al., 2009); (Chen et al., 1995);
(Zhong et al., 2002); (Wang et al., 2011); (Liu et al., 2012); (Cai et al.,
2019); (Wang et al., 2022) and others found that the amount of gas
adsorption gradually decreased with the increase of temperature. It
is generally accepted that the adsorption amount decreases by 8% for
a 1 °C temperature increase. Based on the previous research results,
from the perspective of gas adsorption, the higher the temperature,
the smaller the initial adsorption capacity of coal sample before ΔP
determination. From this point of view, the effect of temperature on
the determination of the initial velocity of gas diffusion is negatively
correlated.

3.2.3 Analysis of the influence of temperature on
gas diffusion pressure

The temperature has an effect on the pressure under the
condition of constant diffusion space. The initial velocity of gas
diffusion determination instrument used in this paper is of variable
volume and pressure type. According to the research results of Lu,
(1992), ΔP is not only related to the amount of gas diffusion to be
measured, but also related to the volume of the dead space of the
instrument and the tube diameter of the manometer. The sum of the
dead space of the instrument and the space produced by the change
of the pressure gauge is the diffusion space of the experimental coal
sample. Here, according to the ideal gas state equation (PV=nRT),
assuming that the diffusion space V and the gas diffusion quantity n
remain unchanged, it can be seen that the temperature is
proportional to the pressure. That is to say, the higher the
temperature, the greater the pressure, the greater the
corresponding p-value. Therefore, from this point of view, the
change of temperature will directly affect the values of P1 and P2,
thus affecting the results of the determination of the initial velocity
of gas diffusion.

To sum up, in the process of ΔP determination, although the
higher the temperature is, the greater the gas diffusion volume and
its generating pressure are in the first 60 s, but the smaller the
adsorption capacity before release is, and there is a mutual offset
between the two cases. Therefore, the measurement results of ΔP
under different temperature conditions failed to show the
corresponding regularity. The analytical results are consistent
with the experimental results.

According to the above discussion, it is suggested that the
industry standard for the determination of ΔP related
temperature should be clarified. Reason: In actual production, the
actual temperature of coal seams in different mining areas and
different depths is different, but most of the experimental
measurements are carried out at room temperature (20°C), so the
results of ΔP may deviate from the real results. In the actual test, not
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all laboratories have constant temperature conditions either, and the
same coal sample may have different test results in winter and
summer, and inconsistent test results in day and night. The result
will directly affect people’s judgment of coal and gas outburst.

4 Conclusion

1. The test system for the initial velocity of gas diffusion under
different temperature conditions constructed in this paper
provides an experimental reference for further research.

2. The temperature change will affect the ΔP determination results
in the range of 13°C–40°C, and the results do not show obvious
regularity. In the process of ΔP determination, the temperature of
the experimental system should be kept consistent with the actual
temperature of the sampled coal body as far as possible, so as to
increase the reliability of the determination results for the
prediction of coal and gas outburst.

3. From a macro point of view, hard coal shows an increasing trend of
ΔP with the increase of temperature, and soft coal shows a
decreasing trend. It is preliminarily speculated that the effect of
temperature increase on gas diffusion rate of hard coal is greater than
the effect on its adsorption, and the opposite is true for soft coal.

4. This paper also provides an experimental basis for clarifying the
industry standard for the determination of ΔP related
temperature. Therefore, the industry standard for determining
the temperature of ΔP should be defined, in order to increase the
comparability and stability of ΔP determination results.
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