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Explosion characteristics and thermal safety of low
detonation velocity emulsion explosives containing
coal-based solid waste fly ash microspheres
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Abstract: In this paper, the microspheres in flying-ash are used as sensitizer and inert additive to prepare the low detonation
velocity emulsion explosives. The detonation velocity and the parameters of explosive shock wave in the air of emulsion
explosives were measured by the probe method, the lead column compression method and the air explosion method,
respectively. The safety of emulsion explosives was tested by the storage life experiment and thermal analysis experiment. The
experimental results show that the detonation velocity, the brisance, the peak pressure, the positive impulse and the positive
pressure action time of shock wave of emulsion explosives increased first and then decreased with the increase of the content of
flying-ash microspheres. When the content of flying-ash microspheres was 15%, the detonation performance of emulsion
explosive was the best, and when the content of flying-ash microspheres was 45% , the detonation velocity of the explosive

decreased obviously. Meanwhile, the detonation velocity ranged from 2191 to 2312 m/s, which can satisfy the condition of
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using explosive for explosive welding. In addition, it is found that the detonation performance of emulsion explosives with
Dy=79 um flying-ash microspheres was higher than those of flying-ash microspheres with D;,=116 and 47 pm. The storage
life and thermal analysis results indicate that the storage life of low detonation velocity emulsion explosives with flying-ash
microspheres is significantly better than that of traditional low detonation velocity emulsion explosive with clay particles, the
activation energy of thermal decomposition of the emulsion explosive with 15% flying-ash microspheres was only 0.3% higher
than that of emulsion matrix. The results also show that the addition of flying-ash microspheres has no obvious effect on the
thermal stability of the emulsion matrix. The research results have important reference value for green resource disposal of
coal-based solid waste and formulation design of the low detonation velocity emulsion explosive.
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Table1 Composition of emulsion matrix
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Table 2 Element composition of the fly ash microspheres
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Fig. 2 XRD pattern of the fly ash microspheres
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Fig.3 SEM of the fly ash microspheres
=3 FLIEHES
Table 3 Emulsion explosive formulation
Brhk 53 %0% i i 53 %0% i Bk s %%
— - Dyy/um kA — - Dyy/pum FEAR — - Dyy/um
FUALSERT R IR ES7S FALIET ES7S

1 95 5 6 95 5 11 95 5
2 85 15 7 85 15 12 85 15
3 75 25 47 8 75 25 79 13 75 25 116
4 65 35 9 65 35 14 65 35

5 55 45 10 55 45 15 55 45
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Fig. 4 Detonation velocity measuring device and the charge
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Fig. 5 Brisance measuring device and the charge diagram
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Fig. 6 A spherical emulsion explosive charge
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Fig. 7 Schematic diagram of air explosion experimental device
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Table 4 Effect of the fly ash microspheres on

density of emulsion explosive

I/ (grem™)

Bt 350 %
Dy, =47 um Dy, =79 um Dy, =116 um
5 134 1.33 131
15 1.29 1.27 1.25
25 1.25 1.22 1.16
35 1.14 1.11 1.07
45 0.99 0.97 0.91
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Fig. 8 Micrograph of emulsion matrix and explosives with different content of fly ash microspheres (Ds,=79 pum)
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Table S Detonation velocities and intensities of emulsion explosives with different content
of fly ash microspheres (Dso =47,79 and 116 pm)

HE/(m-s™) JEE /mm
B AT %)
D4=47 pm D4s=79 pm D4=116 pm D4=47 pm D4s=79 pm D4=116 pm
5 2703 2836 2492 14.3 14.4 14
15 4394 4488 4314 15.8 16.1 15.5
25 3707 3826 3650 11.7 11.9 11.5
35 3138 3262 2999 7.6 8.0 7.2
45 2237 2312 2191 4.0 43 3.5
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Fig. 9 Influence of mass fraction and particle size of the fly ash microspheres on the detonation
velocity (left) and brisance (right) of the explsive
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Table 6 Shock wave parameters of emulsion explosives

with different contents of the fly microspheres
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Fig. 10 Pressure-time curves of emulsion explosive Fig. 11  Effect of the fly ash microspheres content of
with different content of fly ash different particle size on peak pressure of air
microspheres (Ds;=79 um) shock wave of emulsion explosive
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