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Abstract 

 

Floating coal dusts are always produced during coal mining process in the underground 

mines. In a coal mine and other coal processing or utilizing industries, there are always some 

potential safety problems, such as coal dust explosion accidents.[1,2] During lignite mining 

and processing, flammable coal dust is produced. Fire properties of coal dust depend on the 

particle size. The article deals with the measurement of explosion characteristics of lignite in 

dependence of particle size at three various concentrations. The measurements were carried 

out according to EN 14034-1+A1:2011 Determination of explosion characteristics of dust 

clouds. Part 1: Determination of the maximum explosion pressure pmax of dust clouds. Tests of 

the lignite dust clouds explosions showed that the maximum value of the pressure was reached 

at the concentrations of 500 g.m-3 and the particle size between 0 – 56 µm. At this concentration, 

the highest explosion pressure of 8.25 bar was reached. 
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INTRODUCTION 

 

Float coal dust presents a major explosion hazard in underground coal mines [1, 2]. Coal 

dust is a flammable and explosive material formed in different ways during industrial activities. 

For this reason, it is very important to be aware of the related explosion hazards. Although it is 

not very well known, there is a high rate of the life and property losses due to the dust explosions 

in coal mining [3]. 

The main groups of materials that can be source of dust explosions are: natural organic 

materials (grain, wood, linen, sugar, etc.), synthetic organic materials (plastics, organic 
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pigments, pesticides, pharmaceuticals, etc.), coal and peat, and metals (aluminium, magnesium, 

titanium, zinc, iron, etc.) [4]. 

The large quantity of coal dust generated from different mining operations poses a serious 

explosion hazard in underground coal mines. The coal dust explosions are triggered by various 

ignition sources of sufficient energy such as smouldering or burning coal dust, mine fires, naked 

flames (welding, cutting, matches, etc.), hot surfaces (bearings, dryers, heaters, etc.), 

mechanical impacts, electrical short circuiting and arcing, frictional sparks, methane 

explosions, etc. The coal dust explosions are characterized by mechanical destructive effect 

through the development of dynamic pressure and heat energy leading to the loss of valuable 

lives and damage to the mine property [5]. 

A dust explosion is initiated by the rapid combustion of flammable particles suspended in 

air. Any solid material that can burn in the air will do so with violence and at the speed 

increasing with the degree of sub-division of the material [6].  

The higher the degree of sub-division (in other words, the smaller the particle size), the 

more rapid and explosive the burning, until the limiting stage is reached when the particles too 

fine in size tend to lump together. If the ignited dust cloud is unconfined, it would only cause a 

flash fire. But if the ignited dust cloud is confined, even partially, the heat of combustion may 

result in the rapid development of pressure, with flame propagation across the dust cloud and 

the evolution of large quantities of heat and reaction products. Furious pace of these events 

results in an explosion. Besides the particle size, the violence of such an explosion depends on 

the rate of energy release which is due to the combustion relative to the degree of confinement 

and heat losses. In exceptional situations, a destructive explosion can occur even in an 

unconfined dust cloud if the reactions caused by combustion are so fast that pressure builds up 

in the dust cloud faster than it can be dissipated at the edge of the cloud [7]. 

As for the evaluation and prevention of coal dust explosion, explosion parameters are an 

important basis for the explosion risk assessment and explosion protection, mainly containing 

the minimum ignition temperature of a cloud (MITC), the lower explosive limit (LEL), the 

maximum explosion pressure (Pmax), the maximum rate of pressure rise ((dP/dt) max) and the 

explosion index (Kst), which have been studied by many researchers [8]. 

The article presents the measurement of the maximum explosion pressure and the 

maximum rate of pressure rise of the lignite dust clouds. The measurements were carried out in 

accordance with EN 14034-1+A1:2011 Determination of explosion characteristics of dust 

clouds. Part 1: Determination of the maximum explosion pressure pmax of dust clouds [9]. 

 

MATERIAL AND METHODOLOGY OF EXPERIMENT 

 

For the measurement of monitored characteristics, a modified KV 150-M2 chamber was 

used. Scheme of the chamber is shown in Figure 1. Dust clouds in this unit are carried out 

mechanically. From the tank with volume 5.5 litres of compressed air is that compressed air 

transmitted by a fast opening electromagnetic valve to inner space of chamber with the volume 

of 291 litres.  

The sample is located on a plate and spread by compressed air at the pressure of 9.8 bar. 

The compressed air is directed to the sample through the metal profiled sheeting. The sample 

is ignited by one chamber nitrocellulose igniter after the spreading of the sample. The igniter 

works on a resistive principle. Immediate ignition of nitrocellulose is achieved by the power 

source with the parameters 60 V DC and 6 A which is supplied to the resistance wire and results 

in an immediate burn and interruption of wire. The ignition energy of nitrocellulose used in 

igniter is 2 x 5 kJ. 
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Fig. 1 Scheme of a modified KV 150-M2 chamber (1- lid, 2- nozzle for spreading of sample,       

3- desk, 4- base, 5- nitrocellulose igniter, 6- vessel, 7- manometer, 8- compressed air inlet valve,       

9- fast opening electromagnetic valve, 10- window 

 

Ignition of dust and dispersion of the dust is timed by a dual digital timing relay. The relay 

has a fixed set time interval between the opening of the fast opening valve and with a connecting 

power to the clamps of initiator. Time delay was set to 260 ms.  The pressure changes inside 

the chamber are recorded through the pressure transducer with the voltage output and the 

maximum measurable overpressure value of 20 bar. The pressure transducer is powered by a 

stabilized 24 V DC source. Response time of pressure transducer is 0.5 ms and the voltage value 

is recorded through the data logger. The measured sample was lignite dust with three particle 

sizes: 0 – 56 m, 56 – 71 m and 71 – 90 m. 

 The lignite dust samples were dried to 0 % wt. Measurement of parameters was carried 

out on the apparatus described above. The igniter was nitrocellulose with the weight of 2.5 g.  

The voltage in the circuit was measured by the data logger. The values were recorded at 

the rate of 2000 values / second. The recording of the pressure changes during the explosion of 

dust clouds was measured at these concentrations: 150 g.m-3, 250 g.m-3 and 500 g.m-3 with all 

sizes of lignite dust samples. 
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RESULTS AND DISCUSSION ON RESULTS 

 

The values of pressure of all sizes of lignite samples depending on the time obtained by the 

measurement are shown in Figures 2 - 7.  

Individual concentrations and particle sizes are colour coded in the graphs.  

 

 

 
Fig. 2 The maximum pressure obtained during the explosion of lignite dust clouds with particle size             

0 – 56 µm depending on the concentration of dust, concentrations: 150, 250 and 500 g.m-3 

 

 

 
Fig. 3 The maximum pressure obtained during the explosion of lignite dust clouds with particle size         

56 – 71 m depending on the concentration of dust, concentrations: 150, 250 and 500 g.m-3 
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Fig. 4 The maximum pressure obtained during the explosion of lignite dust clouds with particle size 

71 – 90 m depending on the concentration of dust, concentrations: 150, 250 and 500 g.m-3 

 

 

 
Fig. 5 The maximum pressure obtained during the explosion of lignite dust clouds with concentration 

150 g.m-3 depending on the particle size of dust 
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Fig. 6 The maximum pressure obtained during the explosion of lignite dust clouds with concentration 

250 g.m-3 depending on the particle size of dust 

 

Fig. 7 The maximum pressure obtained during the explosion of lignite dust clouds with concentration 

500 g.m-3 depending on the particle size of dust 

 

The results suggest that when the concentration of the dust increases, the pressure value in 

the chamber also increases. If the particle size of lignite dust increases, the maximum pressure 

in the chamber decreases.  

 

Table 2 Maximum pressure during explosion of dispersed lignite dust of various 

concentrations and particle sizes 

Particle size Concentration 

150 g.m-3 250 g.m-3 500 g.m-3 

0 – 56 m 6.39 7.48 8.25 

56 – 71 m 5.34 7.13 8.14 

71 – 90 m 4.68 6.63 7.94 
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At the concentration of150 g.m-3, with the increasing particle size of the fraction, the 

maximum explosion pressure is reduced by 15% compared to the maximum pressure. At the 

concentration of 250 g.m-3, the explosion pressure with increasing particle size is reduced by 

5%, and, at a concentration of 500 g.m-3, the explosion pressure with increasing particle size is 

reduced by 2%. 

For the particle size of 0-56 µm, the pressure decreases with a decreasing concentration by 

10%. For the particle size of 56-71 µm, the pressure is reduced by 15%, while for the 71-90 µm 

fraction, the pressure is reduced by 20%. 

By comparing the measured results with the Gestis-Dust-Ex database, it can be assumed 

that the measured maximum explosion pressure values of 8.25 bar correspond to the samples 

of similar granulometry. Values in the database range from 8.4 to 9.0 bar [10]. 

 

CONCLUSIONS 

 

Particle size is one of the key elements of all dust explosion studies. Mechanism of the coal 

dust explosion is extensively governed by the constituent particle size of the coal dust cloud. 

Predominantly, the dust from bituminous coal deflagrates via homogenous mechanism, in 

which combustion of coal dust particles is preceded by devolatilization [5]. 

Testing the explosion characteristics of lignite dust clouds confirmed that the maximum 

value of the pressure was reached at the concentrations of 500 g.m-3. The maximum value of 

pressure for particle size 0 – 56 µm was 8.25 bar, for particle size 56 – 71 µm was 8.14 bar and 

for particle size 71 – 90 µm was 7.94 bar. At the concentration of 150 g.m-3, the maximum 

value of pressure was 6.39 bar (0 - 56 µm); at the concentration 250 g.m-3, the maximum value 

of pressure was 7.48 bar (0 - 56 µm); and at the concentration of 500 g.m-3, the maximum value 

of pressure was 8.25 bar (0 - 56 µm). 
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