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Coal and gas outburst is an extremely complex dynamic phenomenon of mine gas, which is mainly manifested in a very short time. A large amount of coal and rock are thrown out from the coal body to the mining space and accompanied by a large volume of high-pressure gas. In the process of coal and gas outburst, the internal energy consumption of gas is composed of two parts: one is used to throw out broken coal and rock mass, and the other is used to pulverize broken coal. In this article, from the perspective of energy dissipation, the experiment of broken coal ejection with different coal particle sizes, different adsorption gas, and pressure is studied. The characteristics of coal ejection are studied and analyzed, and the proportion of adsorbed gas participating in the outburst work is quantitatively analyzed. The results show that after outburst excitation, residual gas will continue to desorb and work on outburst until the power is insufficient to throw coal body; compared with air, CO2 gas has a stronger ability to work on the outburst, and the outburst coal is thrown far away, and the pulverization effect is stronger. Through the energy analysis in the process of outburst, the results show that when the particle size of the coal sample is consistent, the greater the outburst pressure is, the larger the desorption amount of the adsorbed gas is, and the larger the volume involved in the outburst work is. When the test gas is consistent with the outburst pressure, the gas desorption amount of the small-size coal sample is more, the desorption gas has a stronger ability to work on the outburst, and the proportion of participating in outburst work is higher. The crushing degree of coal plays an important role in the expansion and release of gas internal energy.
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1 INTRODUCTION
Coal and gas outburst is an extremely complex dynamic phenomenon in the process of underground mining in coal mines. It is mainly manifested in a short period of time. A large amount of coal and rock are thrown out to the mining space, and a large volume of high-pressure gas is sprayed out. The formation of coal and rock-gas flow with high-speed movement can directly strike and bury the workers, casualties, or equipment, and facilities near the underground, which poses a great threat to the safe production of coal mines. Frequent coal and gas outburst accidents have caused a large number of casualties.
Domestic and foreign scholars define the causes, conditions, and the whole process of coal and gas outburst as the coal and gas outburst mechanism (Dong, 2015). It has been reported that some experts have made abundant research results in highlighting the mechanisms. Beamish et al. (Basil and Beamish, 1998; Jin et al., 2018) believed that gas played an important role in the occurrence of coal and gas outbursts. Paterson (1986) analyzed the gas flow and stress distribution of two-dimensional coal seam, and considered that coal and gas outburst was structural instability under high gas pressure gradient; Noack and Li et al. (Klaus, 1998; Li et al., 2018) considered that ground stress played a leading role in the occurrence of outburst. Sato and Fujii (1989) studied the location of coal and gas outbursts in detail, and considered that the geological structure had obvious influence on the outburst. Cao et al. (2001) studied the influence of reverse faults in geological structures on the outburst. The results show that the coal seam in the lower wall of the reverse fault experienced more tectonic deformation than that in the upper wall. The area with high gas content almost always appears in the lower wall, and outburst is more likely to occur in these areas. Dmytro Rudakov (Dmytro and Valeriy, 2019) believed that the release of large amounts of gas in coal seam was caused by the decomposition of coal organic matter with unstable thermodynamics, and based on this, a one-dimensional mathematical model of gas flow in the outburst excitation stage was established. With the continuous improvement and enrichment of the outburst mechanism, people have gradually formed a unified understanding that coal and gas outburst is caused by the combined effect of ground stress, coal seam gas pressure, and coal’s physical and mechanical properties (Norbert, 1997; Alexeev et al., 2004; Jacek, 2014; Du et al., 2020a; Yin et al., 2020). At the same time, the gas internal energy has gradually become a hot topic for many scholars. Wang et al. (2017a) carried out outburst simulation experiments with different strength briquettes and created the gas containing conditions of “the same free gas content and different adsorbed gas content” by using different adsorption characteristics of gas. The influence of adsorbed gas content on outbursts was discussed. Valliappan S (Valliappan and Wohua, 1999) believed that the gas energy released from the gas desorbed from the coal matrix to the pores was the main reason for the outburst energy; Baohai Y (Yu et al., 2015) studied the gas expansion energy in the outburst process, and the results show that the gas expansion energy is the key source of outburst energy; Peng S J et al. (Peng et al., 2012; Zhi-qiang et al., 2012; Du et al., 2020b; Wu et al., 2021a) also verified the above point of view through many experiments and proved that gas expansion energy is the main energy of throwing and crushing coal; with the continuous research and breakthrough of scholars, gas expansion energy has also begun to be used to evaluate the risk of outburst. Yang D (Yang et al., 2018) and Xu L (Xu and Jiang, 2017) studied the initial desorption characteristics of gas through experiments, indicating that the initial expansion energy of released gas can reflect the risk of outbursts. At the same time, Zhao et al. (Wang et al., 2012; Yin et al., 2014; Zhou and Wang, 2016; Zhao et al., 2017; Du et al., 2020c; Wu et al., 2021b) research results show that gas expansion can also be used to evaluate the damage of coal and rock mass during the development of coal and gas outburst.
In summary, the rich research results of many scholars in the field effectively promote the development of coal and gas outburst mechanisms, and provide theoretical guidance for the application of engineering research. However, there are few studies on the role of adsorbed gas in the process of outburst, especially the quantitative analysis of adsorbed gas work in the process of outburst. In this article, based on the existing results, combined with the mechanical impact crushing test of broken coal and the sudden unloading throw test of broken coal containing gas, the above problems are analyzed and studied. The purpose is to provide the basis for quantitative analysis of the energy of adsorbed gas participating in outbursts and lay the foundation for an in-depth understanding of the energy dissipation law of outbursts.
2 ENERGY CONVERSION IN COAL AND GAS OUTBURST
Coal and gas outburst is a process of energy accumulation and release. Mining disturbance breaks the original stress balance state and makes the load on the coal body in the mining area begin to transfer to the adjacent coal body. The adjacent coal body is subjected to strength failure, strain softening, and flow deformation due to the increase of pressure. In this process, a large amount of deformation energy is gathered, and a stress concentration area is formed. At the same time, due to the stress concentration, the compression of coal pore cracks is caused so that the gas pressure in the coal seam is also increased, and the potential of gas expansion work is also increased. Finally, a limit stress balance and high gas gradient area are formed in the coal wall in front of the work. The mechanical failure conditions are created for prominent subsequent excitation. The deformation and failure of the coal body developed to a critical condition, or under the action of external disturbance load, the coal body was destroyed and unstable. The stored elastic energy in the coal and rock mass quickly released and acted on the coal and rock mass so that the original fracture of the unloading coal body expanded and produced new fractures. At the same time, with the penetration of the fractures, the coal body gradually destroyed, and finally formed broken coal or pulverized coal. The expansion of primary fractures, the generation of new fractures, and the fragmentation of coal have created favorable conditions for the release of gas, which promotes rapid desorption of adsorbed gas to free gas and participates in the outburst and the formation of coal–gas–solid two-phase flow with broken coal. After the outburst excitation, the broken coal will be thrown out by the rapid expansion of gas, and the broken coal will be further pulverized in the process of throwing until gas expansion cannot be enough to throw the broken coal and terminate the outburst.
In the process of outburst energy release and dissipation, the proportion of friction heat, sound, vibration, and other energy consumed by outburst coal impacting roadway walls, support, and other obstacles is small. For the convenience of research, it can be ignored (Wen, 2003; Wang et al., 2015), and the energy dissipation in the process of outburst can be expressed as (Hu and Wen, 2013)
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where W1 is the elastic potential energy of coal and rock mass in the outburst range; W2 is the gas internal energy of coal and rock mass in the outburst range; A1is the fracture energy of coal and rock mass; and A2 is the throwing power of coal and rock mass.
Combined with the dynamic phenomenon of coal and gas outburst and the above analysis, the energy in the process of the outburst comes from the release of elastic energy of coal body and internal energy of the gas, mainly acting on the crushing and throwing of coal body, and part of the energy is dissipated in the friction heat, sound, and vibration caused by the outburst coal body impacting the roadway wall, support, and other obstacles. Previous research results show that the elastic energy caused by ground stress in the process of outburst is first consumed, and after the ground stress destroys the coal body, the elastic energy of the coal body has been consumed (Jiang and Yu, 1996). The physical simulation experiment carried out in the laboratory also found that after the outburst excitation, the coal body in the outburst area was quickly released and destroyed, and the stress of the coal body near the outburst area decreased rapidly, almost simultaneously to zero (Jin, 2017). Therefore, it can be considered that after outburst excitation, the development of outburst is a process in which high-pressure gas flow quickly throws out a broken coal body. The energy of the thrown out broken coal body and pulverized broken coal body comes from gas expansion energy, and the gas expansion energy comes from the rapid analysis of free gas and adsorbed gas. At this stage, Eq 1 can be rewritten as
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where Wf is the energy of free gas expansion participating in the work, J; Wα is the adsorption gas expansion involved in work energy, J; A1 is the energy consumed by gas-pulverized coal crushing, J; A2 is the gas that throws out the energy consumed by broken coal, J.
In the process of the outburst, the throwing power of gas to the coal sample is the kinetic energy when the coal sample is sprayed out of the hole, but the speed of throwing coal is different for different outbursts and different times of the same outburst. It is difficult to monitor in the field and test. Therefore, according to the equivalent distance and potential energy of the coal sample, the equivalent distance can be expressed as
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where Sp is the equivalent distance, m; B is the outburst strength, kg; and dM is the mass of the thrown coal sample within the range x to dx of the outburst exit, kg; the coal and gas outburst is regarded as near-horizontal ejection (Hu and Wen, 2013), and the relationship between the equivalent distance Sp and the ejection velocity of the coal sample can be obtained by using the flat ejection formula:
[image: image]
where h is the coal seam thickness, m, and g is the acceleration of gravity, m/s2.
Then the work of gas throwing out the outburst coal sample is
[image: image]
According to Wang et al. (Jin), the crushing work can be expressed as
[image: image]
where f is the consistent coefficient of coal; ρ is the density of coal, kg/m3; D is the average particle size of coal before crushing, m; and d is the average particle size of coal after crushing, m.
Coal has strong adsorption of gas, so there are a large amount of adsorbed gas in the coal seam. There is a significant difference between the process of gas expansion and the conventional gas expansion when coal and gas outburst occurs. At the same time, the adsorbed gas in the coal body will continue to desorb and participate in the outburst work. Therefore, the amount of gas in the outburst work is between the amount of free gas and the total amount of gas. In the process of outburst, on the one hand, the free gas expansion at the moment of pressure relief works on the outburst, and on the other hand, the adsorbed gas is desorbed continuously, and the power source is continuously supplemented and involved in the outburst work, which makes it difficult to accurately analyze the adsorbed gas internal energy in the process of outburst. Therefore, it is necessary to calculate the gas internal energy from another point of view. If the loss of other energy in the outburst process is ignored, the whole outburst process is regarded as an adiabatic process. Assuming that the gas expansion energy in the outburst process fully affects the ejection and crushing of the outburst coal body, the amount of adsorbed gas participating in the work can be expressed as follows:
[image: image]
Formula for calculating expansion energy of free gas:
[image: image]
where V1 is the free gas volume involved in the outburst work, m3/t; P1 is the gas pressure of working face after coal thrown out, MPa; P0 is the coal seam gas pressure before the outburst, MPa; and n is the process index; for isothermal process, n = 1, adiabatic process, n = 1.31, and for variable process, n = 1–1.31.
3 TEST SCHEME
The test equipment adopts the self-developed visual simulation experiment system of the dynamic effect of coal and gas outburst to carry out the simulation experiment of gas-containing coal ejection. The test system is mainly composed of a high-pressure sealing chamber, inflatable system, outburst control device, pipeline system, and data acquisition system. The length of the high-pressure sealing cavity is 30 cm, and the inner diameter is 10 cm. The gas-filled/vacuum-pumping dual-purpose interface is opened at its tail, and the three-way conical valve is used for sealing, so as to realize the conversion of the gas-filled and vacuum-pumping interface during the test. There are three uniformly distributed sensor interfaces at the top of the cavity, which can be used to monitor the temperature, pressure, and gas concentration in the cavity, as shown in Figure 1. During the test, the protruding cavity was connected with the protruding control device by flange and fixed on the ground through the support. The outburst control device is controlled by a pneumatic electromagnetic ball valve. The designed pressure strength is 1.5 MPa. During the test, the gas pressure in the valve reaches 0.6 MPa, and pressure is maintained. When the pressure relief is needed, the instantaneous exposure of the outburst port is realized through the power switch. The material of the pipeline system is the transparent acrylic pipe, the length of each pipe is 1 m, and the inner diameter is 10 cm. During the test, the flange connection is used between the pipes and the control device of the outburst port, and the bracket is fixed on the ground. There are four uniformly distributed sensor interfaces above the pipeline with corresponding plugs. The pneumatic system is mainly composed of high-pressure cylinders and vacuum pumps. After the completion of coal sample filling and sensor layout, the high-pressure sealing cavity is vacuumed and inflated. By filling gas into the high-pressure sealing tube step by step, the gas pressure in the high-pressure sealing cavity is monitored by means of a data acquisition system and pressure sensors on the high-pressure sealing cavity so that it can reach the adsorption equilibrium and meet the pressure requirements of the experimental design. The data acquisition system mainly includes a computer, a data acquisition card, supporting sensors, a high-speed camera, and a transmitter. During the test, the parameters such as gas pressure, gas concentration, and temperature in the simulated roadway and sealing chamber can be automatically monitored and collected by the system, the overall structure of the test system is shown in Figure 2.
[image: Figure 1]FIGURE 1 | High pressure sealing cavity.
[image: Figure 2]FIGURE 2 | Visualized coal and gas outburst simulation system.
The coal sample used in this experiment is the M8 coal seam in the Fengchun Coal Mine of Chongqing. The average thickness of the M8 coal seam is 1.61 m, the original gas content is 25.87 m3/t, and the measured maximum gas pressure is 3.8 MPa, which is the coal and gas outburst coal seam. In order to systematically study the working ability of adsorbed gas in the process of coal and gas outburst, two different gases and three different particle sizes of coal samples were designed in this experiment. The sudden unloading simulation test of broken coal containing gas under three different pressure (absolute pressure) conditions was carried out. The parameters of the test scheme are shown in Table 1.
TABLE 1 | Test parameters.
[image: Table 1]4 TEST RESULTS AND ANALYSIS
4.1 Test Results
In order to fully reflect the results of simulation tests, the outburst strength, that is, the total mass of outburst coal, the mass distribution of outburst coal, and the average particle size of outburst coal, are counted. These three physical quantities are also important indexes for calculating the energy dissipation of outbursts. The quality of outburst coal powder was counted according to 1m, and the particle size was screened according to 3, 1, 0.5, 0.25, and 0.1 mm.
4.1.1 Outburst Strength and Distance
The ratio of outburst coal quality to total coal filling is defined as the outburst relative strength (Jin, 2017). It can be seen from Table 2 and Figure 3 that with the increase of outburst gas pressure, the relative strength of outburst also increases, almost linearly increasing, and the maximum throw distance also increases with the increase of pressure. When the air pressure and the initial particle size of the coal sample are the same, the ability of CO2 to work for outburst coal is stronger than that of air, and more pulverized coal is thrown out, and the throw distance is farther. From the above experimental results, we can know that the greater the outburst pressure, the more the energy released by gas expansion, the stronger the ability to work on coal, and the more the amount of coal thrown out; the larger the initial kinetic energy of the thrown coal is, the farther the distance of the thrown coal migration is. When the pressure is the same as the particle size of the coal sample, the ability of CO2 gas to work for outburst coal is better than that of air, indicating that the gas with strong adsorption has stronger ability to work. When an outburst occurs, the outburst strength is greater.
TABLE 2 | Outburst strength and throw distance.
[image: Table 2][image: Figure 3]FIGURE 3 | Relationship between outburst pressure and outburst relative strength, and outburst distance.
4.1.2 Quality Distribution Characteristics of Outburst Coal
It can be seen from Figure 4 that the gas type, outburst gas pressure, and coal sample particle size all affect the quality distribution of outburst coal. Although the quality distribution of outburst coal has a certain degree of fluctuation, the overall quality distribution law is basically consistent with the quality distribution law of typical coal and gas outburst. There are more outburst coal samples near the outburst mouth. With the increase in distance, the quality of outburst coal generally shows a decreasing trend. It can also be seen from Figures 4A and B that when the outburst pressure is large, the initial kinetic energy obtained by the outburst coal body is larger, and the thrown distance is farther. When the gas pressure is small, the outburst coal is mainly distributed near the outburst mouth due to the small initial kinetic energy.
[image: Figure 4]FIGURE 4 | Quality distribution of outburst coal.
It can be seen from Figure 4C that under the same pressure condition, the coal sample with a larger particle size was thrown farther, while the coal sample with a smaller particle size was thrown closer to the outburst port, but the quality of outburst coal was relatively large. The main reason for this phenomenon is that although the large-size coal sample obtains a large initial kinetic energy at the outburst moment, its adsorption is relatively weak, the gas adsorption is small, and the residual gas in the cavity after the outburst is relatively small, resulting in the fact that the residual gas is not enough to be thrown out of the coal body.
4.1.3 Particle Size Distribution Characteristics of Outburst Coal
From the statistical results of Table 3, we can know that there are coal samples with particle size less than the initial particle sizes in each group of experimental outburst coal. It shows that in the process of coal and gas outburst driven by gas, gas not only has a throwing effect on outburst coal but also has a certain powdering effect on outburst coal in the process of outburst. In the thrown coal, the diameter of pulverized coal after crushing is counted as the particle size below the initial particle size. The initial particle size of the data in Figure 5 is 3–10 mm, and the diameter of outstanding pulverized coal is counted as 1–3 mm and below. In addition, it can be seen from Figure 5 that with the decrease of gas pressure, the pulverization effect of gas on outburst coal decreases. Due to the strong adsorption of CO2, the amount of desorption expansion and work gas is larger than that of air when outbursts occurs. Therefore, when the pressure and initial particle size are the same, the pulverization effect of CO2 on outburst coal is stronger than that of air.
TABLE 3 | Statistical results of particle size of outburst coal.
[image: Table 3][image: Figure 5]FIGURE 5 | Particle size distribution of outburst coal with particle size less than 3 mm (initial particle sizes are 3–10 mm).
4.2 Energy Analysis During Outburst Occurrence
Combining Formulas (5) ∼ (6), the throwing power and crushing power of coal samples under different test conditions are calculated. The expansion energy of free gas and adsorbed gas are calculated from Formula (7) to (8). The calculation results are shown in Table 4.
TABLE 4 | Energy calculation results.
[image: Table 4]It can be seen from Table 4 and Figure 6A that with the increase of outburst pressure, the crushing effect and ejection effect of test gas on outburst coal are enhanced, and the amount of adsorbed gas participating in work is also increasing. When the outburst pressure is small (0.1 MPa), the ejection effect and crushing effect of CO2 and air on coal are relatively small, and the sum of ejection work and crushing work is less than that of free gas internal energy, so it is considered that the adsorbed gas does not participate in outburst work under this condition. When the particle size is consistent with the outburst pressure, the crushing and ejection work of CO2 gas for outburst coal is greater than that of air, and the amount of adsorbed gas participating in the work is larger. In addition, compared with the experimental results under the condition of 0.3 MPa/CO2, it is found that the fragmentation degree of coal samples also affects the release of gas internal energy. When the fragmentation degree of coal samples is small, that is, the particle size is small, the gas expansion energy is larger, and the crushing work and ejection work of coal samples are also increased accordingly, as shown in Figure 6B. The reason for this phenomenon, on the one hand, is that because the coal sample with a smaller particle size has a larger specific surface area, stronger adsorption capacity for CO2 gas, and larger gas internal energy is stored in the coal body; on the other hand, when the pressure is suddenly unloaded, the smaller particle size coal samples with a more obvious crushing degree are conducive to the rapid desorption of adsorbed gas and participate in the prominent work. Therefore, the degree of coal fragmentation plays an important role in the release of gas internal energy in coal. The higher the degree of coal fragmentation is, the more conducive it is to the rapid release of gas internal energy and works on the outburst.
[image: Figure 6]FIGURE 6 | Effect of pressure and particle size on gas expansion energy. (A) Effect of outburst pressure on gas expansion energy. (B) Effect of particle size on gas expansion energy.
4.3 Work Proportion Analysis of Adsorption Gas
The gas in the coal seam mainly exists in the adsorbed state, and its content can generally reach 80–90%. At present, the research on the influence of adsorbed gas on outbursts is not deep enough. In the process of outbursts, on the one hand, the instantaneous expansion and release of free gas can work on outbursts. On the other hand, the process of rapid desorption of adsorbed gas to continuously supplement free gas and participate in the work of outburst is relatively complex, resulting in the current consensus on how much adsorbed gas is desorbed and how much is involved in the work of outburst (Wang et al., 2017b), and the existing research results believe that the slow escape of gas on the outburst work efficiency is low, or even not work, only when the coal is seriously damaged will quickly desorb participate in the outburst work (Wen, 2003). Therefore, the desorption of adsorbed gas in the process of coal and gas outburst will experience the whole process of rapid desorption, slow desorption, and stop desorption. Although some of the residual adsorbed gas is slowly desorbed into free gas, this part of adsorbed gas is not fully involved in work. It is necessary to know the adsorption capacity of coal samples with different particle sizes under different gas pressures and the volume of adsorbed gas participating in the work. The gas adsorption capacity per unit mass of coal can be expressed as
[image: image]
where Q is the coal of unit mass adsorbing gas volume, m3, at gas pressure p, m3; a is the maximum surface adsorption of coal per unit mass, m3/kg; b is the adsorption coefficient; A is the ash in coal, %; and M is the moisture in coal, %.
Using the formula of gas expansion energy (8), the volume of the adsorbed gas work is inversely solved, and the volume ratio of adsorbed gas participating in the outburst is calculated by combining Formula (9). The calculation results are shown in Table 5.
TABLE 5 | Calculation results of work ratio of adsorbed gas.
[image: Table 5]It can be seen from Table 5 that the proportion of gases involved in the outburst work in the desorption amount of adsorbed gas is between 6.63 and 33.80%, and the volume of adsorbed gas involved in the outburst work accounts for 5.33–19.54% of the total adsorption amount.As Figure 7A shows, when the particle size of the test gas is consistent with the coal sample, the greater the outburst pressure, the desorption amount of the adsorbed gas is relatively large, and the volume of the work involved in the outburst is also larger. The proportion of the work volume to the total adsorption amount has a certain fluctuation. When the pressure is 0.1 MPa, there is no adsorbed gas to participate in the outburst work, and the proportion of 0.3 MPa is relatively higher than 0.5 MPa. It shows that when the gas pressure is low, due to the pressure drop in the cavity being too fast, the power of adsorption gas desorption is not enough to work on the outburst. When the outburst pressure is relatively large, the pressure in the outburst chamber drops instantly, but the speed of absorbing gas to supplement the power is relatively fast. Therefore, this part of the gas will participate in the outburst work. However, with the continuous decline of the pressure, the subsequent supplement power is no longer sufficient to work on the outburst, resulting in the loss of this part of the gas. When the pressure drop of 0.5 MPa is larger than that of 0.3 MPa, the desorption amount of gas is more, and the continuous desorption time is longer. When the pressure drops to a certain critical value from 0.1 to 0.3 MPa, the subsequent desorbed gas no longer participates in the outburst work, resulting in more adsorbed gas not participating in the outburst work, so the proportion of adsorbed gas participating in the outburst work is less than 0.3 MPa. When the test gas is consistent with the outburst pressure (Figure 7B), the adsorbed gas desorbed from the coal sample with a smaller particle size is larger than that of the coal sample with a larger particle size, and the adsorbed gas volume participating in the work is also higher, indicating that the smaller the particle size, the more conducive to the rapid desorption of adsorbed gas in coal and participating in the work of outburst.
[image: Figure 7]FIGURE 7 | Relationship between work ratio of adsorbed gas and outburst pressure, and coal particle size.
When the particle size of the coal sample corresponds to the outburst pressure, although the work ability of air on outburst coal is less than that of carbon dioxide gas, and the adsorption and desorption amount is also less than that of carbon dioxide gas, the proportion of work involved in desorption volume is relatively high. Combined with the change of air pressure in the outburst chamber (Figure 8), this phenomenon can be explained under the experimental conditions as follows: when the outburst is excited, the free gas in the chamber is released instantly and works on the outburst, resulting in the decrease of air pressure in the outburst chamber, but the adsorbed gas will continue to be desorbed as a supplemental power source for the outburst until it is not enough to throw out the broken coal, so the gas pressure will not decrease linearly, and Figure 8 shows that the rate of pressure drop of carbon dioxide gas is significantly lower than that of air. Although the adsorption capacity of carbon dioxide gas is large, it will continue to desorb relatively more gas, but when the pressure drops to a certain extent, the power of residual gas is no longer enough to work on the outstanding gas, which leads to the subsequent slow desorption of the gas to do “no work.” Therefore, although the adsorption capacity, desorption capacity, and workability of carbon dioxide gas are greater than those of air, the proportion of gas volume participating in work is lower than that of air.
[image: Figure 8]FIGURE 8 | Pressure changes in the protruding cavity.
5 CONCLUSION

(1) The mass distribution characteristics and particle size distribution characteristics of pulverized coal after outburst show that the ability of CO2 gas for the outburst work is greater than that of air. When the test gas is CO2, the throw distance of outburst coal is farther, and the pulverized effect of outburst coal is stronger than that of air.
(2) The test results of coal samples with different particle sizes show that the degree of coal fragmentation affects the release of gas internal energy to a large extent. The higher the degree of coal fragmentation, the more conducive it is to the rapid release of gas internal energy and participation in the outburst work. The larger the pressure is, the larger the desorption amount of adsorbed gas is, and the larger the volume of work is.
(3) The larger the pressure of outburst gas is, the larger the desorption amount of adsorbed gas is, and the larger the volume of the outburst work is. The desorption amount of adsorbed gas in coal samples with small particle sizes is greater than that in coal samples with large particle sizes, and the ability to work in outburst coal is stronger. The volume proportion of adsorbed gas participating in work is also higher; that is, the degree of coal crushing plays an important role in the expansion and release of gas.
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