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Figure 1- Dust explosion pentagon[4]
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Figure 2- The dust explosion hazard scenario[6]
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Figure 3- The explosive blasting stages of blasting gas and coal dust in the Breton mine[4]
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Table 1- Summary of studies on the estimation of the severity of explosive types of dust and gas

Reference Dust F';a;rt]g:;e(ilée) Test apparatus Gas Kst (bar.m/s)
Rectangular cube
[16] Polyethylene 75-100 chgmber Ethylene
Niacin 100-200 1 m? chamber Methane 130-165
[17] Niacin 100-200 1 m® chamber Propane 140
Cornstarch 100-200 1 m? chamber Methane 140-175
[18] Niacin 125 1 m® chamber Ethane 165
[19] Niacin 75-100 20 lit chamber Acetone 125-160
PVC 75 - Methane 168
[20] Pea Flour 75 - Propane 110
Cellulose 75 - Propane 110
Cornstarch 75 - Hydrogen 128
[21] PVC 200 Closed Chamber Propane 70
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Figure 4- Types of pressure in coal explosion[24]
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Table 2- Coal dust classification according to KSt
Kst (bar.m/s) 0 1-200 200-300 >300
Characteristic No explosion Weak explosion Strong explosion Very strong explosion

AD



G e g pllae deses (S S 3 (500 Cous

Soww JE 5 3,5 saiges 1IGT g o3Lwoskel

3 0ad 3,5 S oSS ;o D) WSilai] 3 0 5 oyl (LS ies Sl g sl i Jl Aiga
olaslin] b gllae walizes &ld ojlasl 5l ad ol lp s bod p, Ohd 4 s Olwl o e
b e dus o (gladiged 5 o0 aloul g0 50T B S sillas il 0y 5l colizul L [YF] ASTM E1226-12
g )Sea Vo0 cyiag Ko VYO «y2eg oo VFY) Clise slaojlail jo iloys olislojl ;o d5250 slanipw 4 az g
e g o) dised & S ilonds (giluoolol (feg)Sen YV 5 52eg o FF (1209 Ko OF ¢ 1209, So #Y (209 ,See VF
Aps o lid 1) oald g jlwoslel S Jlé

a
Figure 5- a) Vibrating screen in the laboratory, b) Demonstration of how particles pass through the screen
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Figure 6- The coal dust samples of different particle size ranges: (a) 44 pm, (b) 63 pm, (c) 74 pm, (d) 125 pm and (e) 149 pm
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Table 3- characteristics inherent in coal dust samples tested

:Smgéi Sampling site Primary analysis (%)
moisture content Volatile substances Ash Fixed carbon
1 Gheshlagh Mine, Layer 123 3.5 404 7.6 48.5
2 Tazareh mine, layer K25 1.27 45.77 6.33 46.63
3 Parade mine 4, layer C; 1.2 45.8 2.4 50.6
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Figure 7- Fixed volume combustion chamber
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Table 4- Steps to measure the explosive parameters of coal dust
Create a vacuum in the combustion chamber
Prepare the mixture by partial pressure method
Combustion pressure recording
The air chamber is full and empty for vacuuming the remaining dust
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Table 5- Results of partial pressures in the equivalence ratio of one

. . Total initial pressure Particular pressure on methane Particular pressure on air
Equivalence ratio (bar) (bar) (bar)
1 1.492 0.142 1.35
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Figure 10- Spray used to spray methane into a closed chamber
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Figure 11- a) Spark array mounted on the chamber, b) Spark plug and plug
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Figure 12- Combustion cycle of coal in a combustion chamber
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Table 6- Results of Repeatability of Tests in Changing Parameter of Explosion Intensity by Particle Size for All Three Examples

Sample Particle size P Explgsive parameters
nu mber (um) max ( p/dt)max KST
1 2 3 1 2 3 1 2 3
1 105 2.03 | 245 2.5 64.5 64.31 64.82 8.3 8.27 8.34
74 2.04 | 2.55 2.6 66.54 67.83 68.04 8.56 8.72 8.75
2 105 3.08 | 3.12 | 3.06 309.5 310.43 311.05 39.81 39.93 40.01
74 3.7 4 3.5 319.43 320.4 320.97 41.09 | 41.21 41.29
3 105 3.63 | 3.84 | 4.02 638.12 639.42 639.83 82.08 82.25 82.30
74 467 | 445 | 475 748.86 748.32 749.65 96.32 96.25 96.43
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Figure 13- Measured pressure over time in three replicates of test in chamber
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Table 7- The results of the combustion of a sample of coal dust tested

sample Explosive Particle size (um)
number parameters 149 125 105 74 63 53 44 37
Prnax (bar) 2.02 2.06 2.3 24 245 3.03 316 -
! (d(ggdr‘/)sﬂ)" 47 39.11 64.78 67.88 125.69 168.56 178.86 -
Prax (Dar) 2.4 25 3.09 37 4 44 4.65 -
? (d(f)gdrt/)sf; 32098 | 34825 | 31026 | 32098 649.82 715.83 1418.13 -
Prx (Dar) 3.74 3.83 39 45 5.75 6.12 53 533
: (‘*(F;g}l”; 43281 | 52625 | 63938 | 749.81 | 134718 | 150145 | 185093 | 1511.25
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Figure 14- a) Variation of Pmay 0f coal dust cloud with particle size, b) Variation of (dp/dt) max of coal dust cloud with particle size
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Table 8- Estimated Explosive Index of Coal dust

Sample Explosion Particle size (um)
number index 149 125 105 74 63 53 44 37
1 Ksu 6.045 5.03 8.33 8.73 16.16 21.68 23
2 Kst2 10.42 11.44 14.18 37.56 45 49.63 58.07 -
3 Ksts 55.67 67.69 82.28 96.45 173.29 193.13 238.08 194.39
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Figure 15- Explosive Indicator Changes (KST) with Particle Size of coal dust
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Laboratory study of the effect of coal dust in a blend of coal and methane
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In this study, the effect of coal dust particle size on the intensity of coal dust explosion was investigated using
an explosion test in a 2-liter chamber. Samples of coal have been collected from various coal mines in the
country and they are used for coal dust preparation. To determine the index of explosion capability (Ks7), the
distribution of the explosion intensity of each sample should be evaluated by measuring the maximum
pressure (Pax) and the maximum explosion pressure rise rate (dp/dt..,) in different experiments. Coal dust
particles at constant concentrations and different sizes (149um, 125um, 105um, 74pm, 63um, 53um, 44um,
37um) were evaluated. The results of the sieving analysis show that almost all samples of the prepared coal
dust have a minimum optimum explosive concentration (250 g/m3). In this analysis, all tests were carried out
at 1.5 bar and the initial temperature was 25 °C. According to the results, coal dust particles with dimensions
of 44 and 37 microns have higher explosive index than other dimensions. Therefore, both parameters of
maximum explosion pressure (Pna.) and the maximum explosion pressure rise rate (dp/dty.) show an
increasing trend with decreasing particle size. Also an increasing concentration of coal dust shows an
increasing trend at the first and then a decrease in the intensity of the explosion. The presence of small coal
particles increases the effective level, thus increasing the explosion rate and the rate of instability, which
accelerates the process of coal dust explosion. Therefore, according to the results obtained in the process of
checking coal dust explosion, in addition to the inherent characteristics of coal dust, particle size coal dust
should also be taken into account. The results obtained in this mechanism are useful not only in the research
and development of knowledge of coal dust blasting processes, but also in taking the necessary measures to
prevent the explosion of coal dust in coal mines.

Keywords: coal dust, combustion chamber, explosion index, particle size distribution, explosive parameters.
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