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Abstract: 5G technology, with its advantages of high bandwidth, low latency, and extensive connectivity, has shown great

potential in driving the intelligent transformation of the coal mining industry. This study systematically investigates the
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potential risk of methane gas explosions triggered by 5G RF signals in underground coal mines and the limitations of cur-
rent standards for 5G RF applications. First, existing explosion-proof standards were traced and analyzed to clarify their
historical evolution and scope. An evaluation system for the safety thresholds of RF device transmitters in underground
coal mines was then established. Subsequently, a universal calculation model for electromagnetic wave power safety
thresholds in air/methane mixtures was developed by integrating low-temperature plasma dynamics, electromagnetic wave
propagation theory, and methane explosion reaction kinetics. Through parametric matching design of a half-wave dipole
antenna, efficient RF energy coupling to the discharge electrode was achieved, and laboratory experiments were conduc-
ted to ignite methane gas. The results demonstrated that RF energy can ignite methane, and the safety threshold is influ-
enced by multiple factors, including modulation mode, frequency, temperature and humidity, energy accumulation, an-
tenna gain, and multi-source superposition. The study found that the power safety threshold for the 5G NR 700 MHz band
is not lower than 43.3 W. When evaluating the safety threshold based on the transmitter, the impact of antenna gain can be
neglected. A method based on correlation coefficients and antenna diversity was developed to effectively quantify the im-
pact of multi-source superposition on safety evaluations, indicating that under certain conditions, the effect of multi-source
superposition can be ignored, thereby improving the utilization efficiency of RF power. This study clarified the power
safety threshold for 700 MHz 5G base stations in underground coal mines, provided a reference for the safety research of
other frequency bands and RF devices, and emphasized the necessity of revising relevant standards. Such revisions aim to
precisely assess the risk of RF signals igniting flammable gases in complex underground environments, thereby support-

ing the intelligent transformation and safe production of the coal mining industry.
Key words: coal mining; 5G technology; radio frequency electromagnetic energy; explosion-proof safety; safety

threshold; low-temperature plasma; multi-source superposition
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Table 2 Reaction processes included in N, cross-section data
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Table 3 Reaction processes included in the O,

cross-section data

b= e i) JRE T EIDY
RI ) et0y =>0+0" —
R2 U} et0, =>0+0" —
R3 Pk e+0, => e+0, —
R4 Wk e+0, => e+0,(rot) 0.020
R5 Wk e+0, => e+0,(v1) 0.190
R6 WK e+0, => e+0,(v1res) 0.190
R7 Wk e+0, => e+0,(v2) 0.380
RS Wk e+0, => e+0,(v2res) 0.380
R9 Wk e+0, => e+0,(v3) 0.570
R10 193 et+0, => e+0,(v4) 0.750
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Table 4 Shows the reaction process in CH, cross section data
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R7 R e+CH, => e+CH,(B) 10.000
RS WK e+CH, => e+CH4(C) 11.000
R9 Wk e+CH, => e+CH4(D) 12.000
R10 H B e+CHy => 2e+CHy" 12.600
Rl HLEg e+CH, => 2e+CH; +H 14.300
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Fig.5 Collision cross-section of N,-related reaction
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Fig.7 Collision cross-section of CH, related reaction
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Fig.11 Space-time evolution of total electric field £ at different voltages
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Table 5 Relationship between port input power and

gap voltage
LN R [N AY HATR/W []Y-GENEAY
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47.30 137.50 83.205 182.37
50.00 141.37 84.500 183.80
60.50 155.50 85.805 185.20
65.00 161.15 87.120 186.59
72.00 169.64 88.445 188.01
78.125 176.70 89.780 189.44
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Fig.26 Simulation design of experimental device
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Fig.27 Rf electromagnetic energy explosion-proof special
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Table 6 Key parameters involved in the experiment

T /Bl 28
1 I FES4U/dB -28
2 AR R api
3 A AR R /mm K15, HA£03
4 2Rk i
5 2% HAR/mm 40
6 22 A #E /mm 12
7 BT 18] Bl/mm K9, 75
8 B AL /(r + min 1) 400
9 HEAAR T 3850 % 8.3+0.3

AR o

LI 5E 7] ey P
Y — | BERE

PR AL

GURRE

DN HLB

28 S St F R RE BT R L - S R T

Fig.28 Radio-frequency electromagnetic energy explosion-proof experimental circuit and experimental method at the transmitting end
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Fig.29 Phenomena of radio-frequency electromagnetic
gas ignition experiment
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Fig.30 700 MHz radio-frequency electromagnetic energy

ignition experiment
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Fig.32 Effect of discharge gap on breakdown voltage (5G NR)
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Fig.37 Multi-source superposition simulation experiment
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