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Coupling relationship between flame velocity and overpressure of butane
explosion inhibited by synergistic effect of nanohydrophobic SiO,

XIE Jibiao, ZHANG Jiaqi, DING Ce, WANG Xiaoli
(College of Environmental Science and Safety Engineering, Tianjin University of Technology, Tianjin 300384, China)

Abstract: In order to explore the coupling of flame propagation velocity and pressure in butane gas explosion under the action
of hydrophobic SiO, powder as flame retardant and flow-enhancing additive, experiments were carried out on a self-designed
and constructed @100 mmx1 000 mm explosion test platform based on LabVIEW system. The agglomeration of powder and
the mechanism of powder explosion suppression were analyzed through energy dispersive spectrometer (EDS) and
thermogravimetric (TG). The effects of different proportion and concentration of hydrophobic nano SiO, powder on improving
the flowability of CaCO, powder and synergistically inhibiting butane explosion,and the coupling relationship between flame
propagation velocity and pressure change were studied. The results show that the addition of hydrophobic SiO, can reduce the
angle of repose of the mixed powder and enhance the flowability. The residual amount of the powder decreases after spraying
the powder, which proves that the diffusion effect and storability of the powder have been improved. Meanwhile, changing the
proportion and concentration of the mixed powder has a significant effect on the combustion reaction. Within a certain

concentration range, the powder is combined with the free radicals in the combustion area through larger specific surface area
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and pyrolysis, which significantly reduces the flame propagation velocity and explosion overpressure. However, excessive
powder concentration promotes the explosion at the early stage, and the inhibition effect of the two powders on explosion is
better than that of the single powder. Under the inhibition of the mixed powder, the flame velocity almost drops to the
minimum when the explosion pressure reaches the maximum, and the pressure waveform changes from continuous rise to a
single-peak curve. In addition, when the concentration is 106 g/m* and the two powders are mixed in a mass ratio of 1 : 1, the
explosion suppression effect on 4.20% volume fraction butane-air mixture is the best, and the attenuation rates of average
flame propagation velocity and maximum explosion overpressure are 85.5% and 59.6%, respectively, which effectively
suppress the flame propagation velocity and explosion pressure.

Keywords: hydrophobic; nanometer powder; explosion; synergistic inhibition; propagation velocity; overpressure
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Fig. 2 Schematic diagram of the structure of test system
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Fig. 3 Flame propagation velocity of butane explosion with different volume fractions
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H R AR, R 5456 A 3k, 410Kk CaCO, MIARINFE T B th 5L, PE S| T e B, BHAR T 5%
YERTOR i o LA, 482K Si0, FRAb TR KR CaCO, XMk 5 107 100 i 452 583 0 ol g, 79 oo 493 A otb 47
X AL B R AR T — IR SR

(2) ANTF) MR BE T B TR & 3 AR 4 e X A e 24 4, L B VR 5 A0 AR R B I AN 2 15, KA AG R
T e R R T T 1 3 Ul R O AT Ak 3 R, L R AR R 3 Ao — 2 ¥ L 3 2 X ) B ) AR R T G
fEHEVER .

(3) 30 358 XoF K A A7 475 02 132 R 0 22 AR R B 0 BT AT 2R, AR S0 38 R g B s ) A8 A 1) |l 4 2 08 LA
— R MARME . FERY A DA IR R, JKE R 0 38 3 Joe (B I 38 3 LT R 2 IR, W A B 0 okl 4 2> 08
FE S AR — 5 W, TR, 45 DR KE R 7 0% I 1] A8 Akt 25 52 i KR AL 46 S B, T DA KO T 18 L RE TE
— R I S WR e DX I S N 55 o ASHIF S TE ORI KM Si0, By A AE b I 20 14 5k 700 A0 LR ) 5 4
K CaCO, My KR L R 12 1IRA . JREWE N 106 g/m® BT, Xt T e 50 4.20% 19T k-
23 AR A IR HE A BOR SR, JOHA LR T 1 380 B R R 8 1) S 03 43 1) A 85.5% T 59.6% o
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