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Coal dust explosion is a major accident affecting the safety of coal mine
production. In order to control coal dust explosion, using inert dust to
suppress explosion is one of the effective methods. Taking the gas-fat coal as
the research object and CaCO3, NaCl, and NH4H2PO4 as the inert dust, the
suppression effect of inert dust on gas-fat coal dust explosion pressure and
flame is studied. It is found that when the gas-fat coal dust particle size is
48~58 μm, both the maximum pressure and the farthest distance of flame
reach the maximum value. Among the three inert dusts, NH4H2PO4 has the
best suppression effect, followed by NaCl, and CaCO3 has the worst
suppression effect on explosion. The smaller the particle size of NH4H2PO4,
the better the explosion suppression effect. When the mass percentage of
NH4H2PO4 mixed into gas-fat coal dust is 60%, and the particle size of
NH4H2PO4 is 0~38 μm, the explosion is completely suppressed, it is mainly
due to the isolation of the coal dust particles from the oxygen and the
dilution of the oxygen concentration.
Key words: gas-fat coal dust explosion; explosion pressure; explosion flame;
suppression effect
1. Introduction
In China and even the world, coal is one of the main energy sources for human survival. Coal is
widely distributed in the world. Due to different formation conditions, the degree of metamorphism of
coal is also very different. In the process of coal mining, coal dust explosion seriously threatens the
safety of mine workers [1]. Coal dust explosion will produce destructive pressure waves and flame
waves, so explosion pressure and flame have always been the focus of attention at home and abroad
[2,3]. The explosion pressure can suspend the deposited coal dust, resulting in secondary explosions
and multiple explosions, which are much more destructive than a single explosion [4,5]. Therefore, in
order to control the occurrence of coal dust explosions or reduce the losses caused by explosions,
many methods of suppressing explosions have been proposed, among which the use of inert dusts to
suppress explosions is a very common method [6,7].
Coal dust explosion and combustible gas explosion have certain differences and some
similarities.In the process of combustible gas explosion, the combustibles mainly react in the gas
phase environment, and there is almost no particle phase in the reaction process [8-13]. In the process
of coal dust explosion, there are both gas-phase reactions and particle-phase reactions. After the coal
dust particles are ignited, a large amount of combustible volatile gas is released, the combustible gas
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and combustible particles explode together, and a large amount of energy is released [14-18]. Relevant
research results show that, under the same conditions, the intensity of the particle-phase explosion
reaction is much greater than that of the gas-phase explosion [19-21]. Eckhoff [22] found that there are
many influencing factors of dust explosion, and the factors affecting the explosion intensity of
different dusts are different, which is the main cause of frequent accidents worldwide. Houim [23]
studied the difference between coal dust explosion and gas explosion, and also discovered the
structural characteristics of the explosion flame in the tube space, which is very important for
understanding the evolution of flame waves. Kosinski [24] used the numerical simulation method to
study the process of the dust being ignited after rising in the tube space, the accuracy of the simulation
results is acceptable.
In order to suppress coal dust explosion, the method of using inert dust has been proposed
[25,26]. In the process of coal mining, due to mechanical vibration and other reasons, a large amount
of deposited coal dust will be generated in the tunnel. The deposited coal dust is an important factor
that causes explosions. Therefore, in order to ensure production safety, the commonly used explosion
suppression method is to spread inert dust in the tunnel at regular intervals [27-29]. Therefore, in order
to suppress explosions more effectively, many types of inert dusts have been developed. But in the
process of developing inert dust, not only the effectiveness of the suppression, but also the economics
of the inert dust need to be considered [30,31]. With the continuous breakthroughs in explosion
suppression technology, it is hopeful that coal dust explosions will no longer occur through explosion
suppression methods in the future, which is also the research goal of this paper.
In order to understand the formation mechanism and propagation process of coal dust explosion,
the author of this paper discussed the influencing factors of explosion intensity in previous studies,
revealed the correlation between coal dust cloud ignition and explosion, and found the formation
conditions and propagation characteristics of the secondary explosion of coal dust [32-36]. However,
there is a lack of research on the suppression effect of different inert dusts on the explosion pressure
and flame of gas-fat coal in the relevant previous research. In this paper, in order to study the
suppression effect of inert dust on coal dust explosion, CaCO3, NaCl, and NH4H2PO4 are selected as
inert dust, and gas-fat coal is selected as coal dust sample, the suppression effect of inert dust on the
explosion pressure and flame of gas-fat coal dust is analyzed. The research results are of great
significance for comparing the explosion suppression effects of different types of inert dusts.
2. Experimental equipments and samples
2.1. Experimental equipments
In this paper, two experimental equipments are used, one of which is used to test the coal dust
explosion pressure, and the other is used to test the coal dust explosion flame. The author has already
introduced the explosion flame test equipment in detail in the literature [29-33], so it will not be
introduced again here. In the process of coal dust explosion flame test, the flame propagation distance
increases with time. The maximum flame propagation distance along the pipeline is called the furthest
propagation distance of flame, which is abbreviated as lmax.
In addition, according to China's national standard "GB/T 16426-1996 Dust Cloud Maximum
Explosion Pressure and Determination Method of Explosion Index", to test coal dust explosion
pressure data, experiments are carried out using the coal dust explosion pressure test equipment shown
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in Fig. 1. In the process of coal dust explosion pressure test, as time increases, the explosion pressure
will continuously increase to the maximum value, and then decrease again. The maximum value that
the explosion pressure can reach in the explosion space is called the maximum explosion pressure,
which can be abbreviated as Pmax. The volume of the explosion space inside the equipment is 20 liters.
This explosive equipment can be remotely controlled, so the experiment process can be guaranteed to
be safe.

Figure 1. Structure diagram of explosion pressure test equipment; 1-sealing cap, 2-outer side of
mezzanine, 3-inside of mezzanine, 4-vacuum gauge, 5-outlet of water, 6-mechanical two-way valve, 7base, 8-observation window, 9-vacuum hole, 10-dispersion valve, 11-storage tank, 12-pressure gauge,
13-pressure sensor, 14-inlet of water, 15-limit switch, 16-ignition rod
The coal dust explosion pressure test process is as follows. First, put the dust sample in the dust
storage tank. Then after coal dust particles explode in the explosion space, the explosion pressure data
will be recorded, and a pressure curve will be formed, through which it can be judged whether the
explosion occurred and the magnitude of the explosion intensity. Finally, start the water circulation
system, which can quickly reduce the temperature of the explosion space and reduce the experimental
period.In addition, the ignition energy in this experiment is 10 kJ, which can provide sufficient energy
for coal dust explosion.
2.2. Experimental samples
2.2.1

Gas-fat coal dust sample

The gas-fat coal dust sample used in this paper is from Shandong Energy New Mine Group in
China. The coking property of gas-fat coal is better than gas coal but inferior to fat coal. Therefore,
gas-fat coal is most suitable for high temperature dry distillation to produce coal gas. In the process of
gas-fat coal mining, explosion suppression is very important for safe production. The main
components of the coal samples are shown in Tab. 1, wherein the proximate analysis results are
obtained by using an proximate analyzer, and the ultimate analysis results are obtained by using an
ultimate analyzer. Gas-fat coal is a kind of high volatile coal, the low heating value of coal sample is
29307.6 kJ/kg, and the carbon content in the sample exceeds 60%, indicating that the explosion danger
of the sample is very high.
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Table 1. Main components of gas-fat coal dust sample
Mad

Proximate analysis [%]
Aad
Vad

FCad

Cad

Ultimate analysis [%]
Had
Oad

5.79
6.71
39.28
48.22
61.80
3.96
30.15
Mad: air-dried moisture; Aad: air-dried ash; Vad: air-dried volatile; FCad: air-dried fixed carbon.

Nad
4.09

According to China's national standard "GB 474-2008 Preparation Method of Coal Samples",
the preparation of coal samples was carried out. The preparation process of coal samples mainly
included the collection, sieving and drying of coal samples. The sample is sieved with a vibrating
sieve machine, and the particle size distribution of the sample is tested using a morphology analysis
device. The particle size of the sample is greater than 58 μm and less than 75 μm, and the particle size
distribution is normal distribution. Within this particle size range, the coal dust sample has a certain
explosiveness, which can meet the needs of explosion experiments.
2.2.2

Inert dust samples

In this paper, the suppression effect of inert dust on gas-fat coal dust explosion is studied by
mixing inert dust into gas-fat coal dust. As shown in Fig. 2, CaCO3, NaCl, and NH4H2PO4 are selected
as inert dust. CaCO3 is an inorganic compound, which is the main component of limestone and marble.
Its melting point exceeds 1500 K, and at the same time, it is widely distributed around the world, so it
can be used as an explosion-suppressed inert dust. NaCl is an inorganic ionic compound, which is
mainly derived from seawater. Its melting point exceeds 1000 K, and it is an inert dust that has been
gradually used in recent years. NH4H2PO4 is an emerging chemical agent, which is one of the main
components of fire extinguishers. When it comes into contact with an ignition source, it will
decompose, releasing products that suppress the explosion and absorbing a lot of heat.
(b)

(a)

(c)

Figure 2. Inert dust samples; (a) CaCO3, (b) NaCl, (c) NH4H2PO4

3. Results and discussion
3.1. Gas-fat coal dust explosion pressure and flame characteristics
In the experiments of this paper, Pmax is mainly used to reflect the explosion pressure
characteristic, and lmax is mainly used to reflect the explosion flame characteristics. The coal dust
explosion results obtained from the experiments are shown in Tab. 2. Pmax of gas-fat coal dust
explosion is 0.67 MPa, and lmax of gas-fat coal dust explosion is 0.64 m. In the experiment of coal dust
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explosion pressure and flame characteristics, the mass concentration of coal dust cloud is 300 g/m 3,
and the particle size of coal dust is 58~75 μm. In order to study the effect of coal dust particle size on
explosion pressure and flame characteristics, further research will be carried out in the next section.
Table 2. Test results of gas-fat coal dust explosion pressure and flame characteristics
Mass concentration of coal
dust cloud [g/m3]

Particle size [μm]

Test results
Pmax [MPa]
lmax [m]

300
58~75
0.67
Pmax: maximum pressure; lmax: farthest propagation distance of flame.

0.64

3.2. Explosion pressure and flame of gas-fat coal dust with different particle sizes
In Section 3.1, the particle size of gas-fat coal dust is 58~75 μm. In this section, the mass
concentration of coal dust cloud is still 300 g/m3, but coal dust samples of 0~25 μm, 25~38 μm, 38~48
μm, and 48~58 μm are prepared by a sieving machine for explosion experiments. The experimental
results are shown in Tab. 3, first of all, it can be seen that the particle size of coal dust has a certain
influence on the explosion pressure and flame. When the gas-fat coal dust particle size is 48~58 μm,
both Pmax and lmax reach the maximum value. The maximum value of Pmax is 0.69 MPa, and the
maximum value of lmax is 0.68 m. When the particle size of coal dust is less than 48 μm, the values of
Pmax and lmax are smaller than those when the particle size is 48~58 μm, and the smaller the particle
size in the range of 0~48 μm, the smaller the values of Pmax and lmax. The results of this study are
consistent with the results reported in related literature [19-21].
Under the premise of the same mass concentration of gas-fat coal dust cloud, the gas-fat coal
dust particle size that makes Pmax and lmax reach the maximum value is 48~58 μm, not 58~75 μm,
indicating that when the particle size is greater than 58 μm, the heat released by the coal dust particles
in the explosion is limited. When the particle size is less than 48 μm, the explosion intensity does not
continue to increase. This is because the particle size becomes too small, which will cause the particle
size to become gas. This process is endothermic, so the explosion pressure and flame will decrease.
Table 3. Explosion pressure and flame of gas-fat coal dust with different particle sizes
c [g/m3]

r [μm]

Explosion pressure and flame characteristics
Pmax [MPa]
lmax [m]

300
0~25
0.51
300
25~38
0.62
300
38~48
0.68
300
48~58
0.69
300
58~75
0.67
c: gas-fat coal dust cloud mass concentration; r: gas-fat coal dust particle size.

0.52
0.57
0.63
0.68
0.64
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3.3. Suppression effect of inert dust on gas-fat coal dust explosion pressure and flame
In the explosion suppression experiment, the selected inert dusts are CaCO 3, NaCl, and
NH4H2PO4. According to the results in Section 3.2, since the explosion intensity is the largest when
the gas-fat coal dust particle size is 48~58 μm, in this section, the gas-fat coal dust particle size is
48~58 μm, and the mass concentration of gas-fat coal dust cloud is still 300 g/m3. The particle sizes of
the three inert dusts are also 48~58 μm. During the explosion suppression experiment, inert dusts are
mixed into gas-fat coal dust in different mass percentages. The experimental results of explosion
suppression are shown in Tab. 4. It can be found that three types of inert dusts have a certain
suppression effect on gas-fat coal dust explosion. NH4H2PO4 has the best suppression effect, followed
by NaCl, and CaCO3 has the worst suppression effect on explosion. Therefore, in terms of explosion
suppression effect, NH4H2PO4 is the most effective inert dust. But from an economic point of view,
CaCO3 is the most economical inert dust, because CaCO 3 has a wide range of sources and a very low
price, which is why coal mines often use CaCO3 as inert dust at present. When p is 70%, NH4H2PO4
completely suppressed the gas-fat coal dust explosion, and the explosion pressure and flame data
obtained from the test showed that no explosion occurred, which verifies the suppression effect of
NH4H2PO4.
Table 4. Suppression effect of inert dusts on explosion pressure and flame
CaCO3

P [%]

Pmax [MPa]

NaCl
lmax [m]

Pmax [MPa]

NH4H2PO4
lmax [m]

0
0.69
0.68
0.69
10
0.65
0.63
0.64
20
0.62
0.58
0.60
30
0.58
0.54
0.55
40
0.55
0.50
0.52
50
0.52
0.47
0.48
60
0.49
0.43
0.43
70
0.45
0.39
0.39
p: mass percentage of inert dust mixed into gas-fat coal dust.
0.7

NaCl
NH4H2PO4

0.69
0.62
0.53
0.44
0.37
0.30
0.25
-

0.68
0.60
0.53
0.45
0.38
0.29
0.22
-

0.4

CaCO3
NaCl
NH4H2PO4

0.6

lmax [m]

Pmax [MPa]

0.5

0.5
0.4
0.3

0.3
0.2

lmax [m]

0.7

CaCO3

0.6

0.68
0.62
0.56
0.51
0.45
0.40
0.35
0.28

Pmax [MPa]

0

10

20

30

40
p [%]

50

60

70

Figure 3. Suppression effect on Pmax
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Figure 4. Suppression effect on lmax
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In Fig. 3 and Fig.4, the suppression effect of inert dust on explosion pressure and flame can be
seen. When p is 0%, Pmax and lmax are 0.69 MPa and 0.68 m, respectively. When CaCO3 is used for
explosion suppression and p is increased to 70%, Pmax and lmax are reduced to 0.45 MPa and 0.39 m,
respectively. Pmax and lmax decrease by 0.24MPa and 0.29 m, respectively. In contrast, when
NH4H2PO4 is used for explosion suppression and p is increased to 60%, Pmax and lmax are reduced to
0.25 MPa and 0.22 m, respectively. Pmax and lmax decrease by 0.44 MPa and 0.46 m, respectively. The
above explosion suppression data show that NH4H2PO4 has the best explosion suppression effect
among the three types of inert dusts. Therefore, in order to study the effect of the particle size of
NH4H2PO4 on the explosion suppression, it will be further investigated in the next section.
3.4. Influence of particle size of NH4H2PO4 on suppression effect of gas-fat coal dust explosion
In Section 3.3, the particle size of the inert dust is 48~58 μm. In this section, NH 4H2PO4 with
different particle sizes is used for explosion suppression experiments. The particle size of gas-fat coal
dust used in the experiment is 48~58 μm, and the mass concentration of gas-fat coal dust cloud is 300
g/m3. In Tab. 5 shows the suppression effect of NH4H2PO4 with different particle sizes on gas-fat coal
dust explosion. NH4H2PO4 of different particle sizes is mainly screened out by vibrating screen
machine and screen with different mesh numbers. When the particle size of NH4H2PO4 is 0~25 μm,
the larger the p is, the smaller Pmax and lmax are. When p is 60%, and the particle size of NH4H2PO4 is
0~38 μm, the explosion is completely suppressed, and the explosion pressure and flame are not
monitored. When p is 70%, and the particle size of NH4H2PO4 is 0~75 μm, the explosion no longer
occurs, which fully shows that the suppression effect of NH 4H2PO4 on gas-fat coal dust explosion is
very good.
Table 5. Influence of particle size of NH4H2PO4 on suppression effect
P [%]

0~25 μm
Pmax
lmax
[MPa] [m]

25~38 μm
Pmax
lmax
[MPa] [m]

38~48 μm
Pmax
lmax
[MPa] [m]

0
0.69
0.68
0.69
0.68
0.69
0.68
10
0.56
0.54
0.58
0.56
0.60
0.58
20
0.46
0.48
0.49
0.50
0.51
0.52
30
0.38
0.39
0.40
0.41
0.42
0.43
40
0.29
0.31
0.31
0.33
0.33
0.36
50
0.21
0.22
0.22
0.24
0.26
0.27
60
0.21
0.20
70
p: mass percentage of NH4H2PO4 mixed into gas-fat coal dust.

48~58 μm
Pmax
lmax
[MPa] [m]
0.69
0.62
0.53
0.44
0.37
0.30
0.25
-

0.68
0.60
0.53
0.45
0.38
0.29
0.22
-

58~75 μm
Pmax
lmax
[MPa] [m]
0.69
0.63
0.55
0.48
0.42
0.35
0.27
-

0.68
0.63
0.56
0.48
0.41
0.32
0.25
-

Figures 5 and 6 are the curves of NH4H2PO4 with different particle sizes on explosion
suppression. It can be seen more intuitively from the figures that as p increases, Pmax and lmax continue
to decrease. At the same time, the smaller the particle size of NH 4H2PO4, the better the effect of
suppressing the explosion. In Fig. 5 and Fig. 6, it can be seen that there is a clear boundary between
different explosion suppression curves, indicating that the smaller the particle size of NH 4H2PO4, the
more fully mixed with coal dust particles during explosion, so that NH4H2PO4 occupies more spaces
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between the coal dust particles, which better hinders the heat transfer between the coal dust particles,
thereby greatly reducing the explosion intensity.
0~25 μm
25~38 μm
38~48 μm
48~58 μm
58~75 μm

Pmax [MPa]

0.6
0.5
0.4
0.3
0.2

0.7

0~25 μm
25~38 μm
38~48 μm
48~58 μm
58~75 μm

0.6

lmax [m]

0.7

0.5
0.4
0.3

0

10

20

30
40
p [%]

50

60

Figure 5. Suppression effect on Pmax
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Figure 6. Suppression effect on lmax

Among the three types of inert dusts selected in this paper, NH 4H2PO4 has the best explosion
suppression effect. Under the condition of heating NH4H2PO4, the products NH3, H2O, and P2O5 are
formed. NH3 is a gaseous product that dilutes the oxygen concentration and reduces the rate of the
explosive reaction. H2O is also a gas product, which can separate coal dust particles from oxygen, so
that sufficient oxygen can not be obtained during the explosion process, thereby effectively
suppressing the explosion. P2O5 is a solid product, which can adhere to the surface of coal dust
particles, separate the coal dust particles from oxygen, and effectively control the heat transfer
between particles.
4. Conclusions
In this paper, the suppression effect of CaCO3, NaCl, and NH4H2PO4 on gas-fat coal dust
explosion pressure and flame is discussed. The conclusions of this study are as follows.
The particle size of gas-fat coal dust has a certain influence on the explosion pressure and flame.
When the gas-fat coal dust particle size is 48~58 μm, both Pmax and lmax reach the maximum value. The
smaller the gas-fat coal dust particle size in the range of 0~48 μm, the smaller the values of Pmax and
lmax.
CaCO3, NaCl, and NH4H2PO4 have a certain suppression effect on gas-fat coal dust explosion.
NH4H2PO4 has the best suppression effect, followed by NaCl, and CaCO 3 has the worst suppression
effect on explosion. When p is 70%, NH4H2PO4 completely suppressed the gas-fat coal dust explosion.
When NH4H2PO4 is used for explosion suppression and p is increased to 60%, Pmax and lmax decrease
by 0.44 MPa and 0.46 m, respectively.
The smaller the particle size of NH4H2PO4, the better the effect of suppressing the explosion.
When p is 60%, and the particle size of NH 4H2PO4 is 0~38 μm, the explosion is completely
suppressed. When p is 70%, and the particle size of NH4H2PO4 is 0~75 μm, the explosion no longer
occurs. Under the condition of heating NH4H2PO4, the products NH3, H2O, and P2O5 can dilute the
oxygen concentration and separate the coal dust particles from oxygen, thus effectively controlling the
intensity of the explosion.
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