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(a) Samples (b) Microscope image
K2 BRI T KRR
Fig. 2 Dry water modified by potassium carbonate
®1 HETR
Table 1 Test conditions

Compounding ratios @e,mr,/% mlg Compounding ratios cmr, /% mlg
1%-2¢g 1 2 5%-2¢g 5 2
1%4 g 1 4 5%-4 g 5 4
1%-6 g 1 6 5%-6¢g 5 6
3%2g 3 2 7%-2 g 7 2
3%-4 g 3 4 7%-4 g 7 4
3%-6g 3 6 7%-6 g 7 6
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Fig. 3 Pressure-time evolution curves of methane/air premixed gas
deflagration at three equivalence ratios
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Fig. 6 Peak pressure time of methane inhibited by composite suppressants
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Fig. 7 Peak pressure rising rate time of methane inhibited by composite suppressants
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Table 2 Coupling inhibition conditions and the corresponding test results

Test results

Compounding ratio

¢=0.8 ¢=1.0 =12

1%-2¢g Exploded Exploded Exploded

1%-4 g Exploded Exploded Exploded

1%-6 g Exploded Exploded Unexploded
3%-2g Exploded Exploded Unexploded
3%-4 g Exploded Exploded Unexploded
3%-6g Exploded Exploded Unexploded
5%-2g Exploded Unexploded Unexploded
5%-4 g Exploded Unexploded Unexploded
5%-6g Exploded Unexploded Unexploded
7%-2 g Unexploded Unexploded Unexploded

F3 IR EBENIEFELL

Table 3 Critical compounding ratios for methane explosion suppression

¢ Pc,m,r,/ %0 Critical compounding ratio
0.8 10 5%-6 ¢
10 7 3%-6g
12 4 1%-4 g

3 FRERER UM TF7K-CHLF, 3N B kR iR VEHLIE 4 4R

31 BASHIFI BB IENIE S

e -2 SR B A 9 B H, OH K O S5 376 ML A 19 7= A8 RTH AR I 3L T I W o ASBIF 9, ik TR
ST K EL 53R Si0,. H,O F1 K,CO;, 7 B FR B e PR T 7K 41 il H Be g A 2ok #2 v, Si0, #1887k FF AN
Z 5402 RN o B FRBR AR 7 AR K TS PR JE AT, A SRR AN e J e B B =X e B R AR [RI B, A0 f =
CO, Fl H,O 7 — & B L2 7= B EH . Bl B0 A% JC sl H i 3L T I W ANk 4 s o

R4 HWEBREARBOXBETR N

Table 4 Key elementary reactions for the pyrolysis of potassium carbonate™”

Reactions Indexing factor E/(J-mol™")
KCO,+H=KOH+CO, 3x10" 70 040.2
KCO,+0=KO0,+CO, 5x10" 52509.2

KHCO,+K0=K,CO,+OH 6x10" 122 549.4
KHCO,+KOH=K,CO,+H,0 3x10" 157 569.4
KCO,+KO=K,CO,+0 7x10" 87529.3
KCO,+K0,=K,C0O,+0, 1x10" 52509.2
K,CO,+M=K,0+CO,+M 5%10' 1417 957.6
K,CO,+OH=KCO,+KOH 3x10" 192 547.7
K,CO,+0=K,0,+CO, 3x10™ 192 547.7
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Fig. 8 Explosion inhibition mechanism of the dry water modified by potassium carbonate-C,H,F, mixtures
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Coupling Inhibition Effects of Dry Water Modified by Potassium Carbonate
and Hexafluoropropane on Methane Explosion

WANG Tao, MENG Fan, YI Weizhai, TIAN Xiaoyue, LI Ruikang, SU Bin, LIU Litao, LUO Zhenmin
(School of Safety Science and Engineering, Xi’an University of Science and Technology, Xi’an 710054, Shaanxi, China)

Abstract: Explosion suppression technology plays a vital role in reducing the hazardous effect of gas
explosion incidents. This study aimed to investigate the explosion suppression effect of two-phase composite
inhibitor mixtures of hexafluoropropane and dry water modified by potassium carbonate. The explosion
pressure and time parameters of methane-air mixtures were obtained experimentally. Then the synergistic
mechanisms on methane explosion suppression was analyzed theoretically. Results of the experiments shows
that the combustion time of methane-air mixtures increase with the rising ratio of dry water modified by
potassium carbonate in the coupled inhibitors. Dry water modified by potassium carbonate greatly enhanced
the explosion suppression effect of C;H,F,. The critical inhibition ratios of gas-solid inhibitors are 5%-6 g,
3%-6 g, and 1%-4 g for fuel-lean, stoichiometric, and fuel-rich methane-air mixtures, respectively. Moreover,
the physical inhibition effects of the dilution in the premixed mixtures and the reduction in the flame
temperature, as well as the chemical suppression effect, synergistically inhibit the deflagration of methane-air
mixtures. In terms of the chemical inhibition, it is KCO,, KOH, OH and fluorine-containing groups that
produced by the pyrolysis of potassium carbonate and C,H,F, reduce the concentration of key radicals of
methane explosion. The results of the work will help to providing the theoretical basis for the development of
more effective explosion-suppressant and promoting the related explosion-suppressing technology.
Keywords: methane explosion; modified dry water; hexafluoropropane; explosion characteristics;

inhibition mechanism
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