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Abstract: As a fundamental raw material for industrial processing and organic product synthesis, acetylene is highly
susceptible to explosion accidents when exposed to open flames. To investigate the inhibitory effects of carbonates on acetylene
explosion characteristics, sodium carbonate and sodium bicarbonate powders were selected as explosion suppressants. This
study used a 20 L spherical explosion device to quantitatively obtain explosion overpressure and pressure rise rate under
standard ignition and powder dispersion conditions. Meanwhile, a 5 L dust explosion flame propagation test device combined
with high-speed photography was applied to record flame morphology evolution, and measure flame arrival time as well as
average propagation velocity. TG-DSC thermal analysis was conducted to characterize the pyrolysis and endothermic properties
of the two carbonate samples. Combined with Chemkin-Pro numerical simulations using a zero-dimensional homogeneous
constant-volume reactor and elementary reaction sensitivity analysis, the explosion suppression mechanisms of these two
powders on acetylene explosions were clarified. The experimental results show that when both sédium”earbonate and sodium
bicarbonate are at a concentration of 1500 g/m’, the acetylene explosion pressure is reduced by 34:88%.and 32.56% respectively,
and the explosion pressure rise rate is reduced by 51.35% and 54.9% respectively. The structural \continuity of the acetylene
explosion flame is also significantly weakened: the time for the flame to reach the top of the pipelifie is prolonged by 120% and
130% respectively, and the average propagation speed is reduced by 54.54% and 56,52%" tespectively. Both powders exhibit
remarkable inhibitory effects. Numerical simulation results indicate that as pyrolyti€ endothermic powders, sodium carbonate
and sodium bicarbonate can effectively reduce the temperature of the reaction system. In addition, the NaOH generated during
pyrolysis can combine with highly active free radicals in the reactiongsystem to form stable products, thereby achieving the
explosion suppression effect. Due to the difference in NaOH concentration produced by pyrolysis of the two powders, sodium
bicarbonate ultimately shows a better inhibitory effect than sodium/carbonate:

The research results are of great significance for deepening the undérstanding of the nature of acetylene explosions. They can
support the optimization of acetylene explosion suppressionh technology, and further guarantee the safe and efficient
development of industrial production in China.
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Fig.1 Particle size distribution map of sodium carbonate and sodium bicarbonate
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1.Vacuum pump; 2.negative pressure gauge; 3.Thermostatted water; 4.Control system; 5.Vent valve;
6.Igniter head; 7.Observation window; 8.Pressuré relief valve; 9.Compressed acetylene; 10.Compressed air;
11.Air-powder two-phasevalve; 12.Powder storage bin; 13.Computer
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Fig.2  Schematic diagram of 20 L spherical explosion test system
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1.Computer; 2.PVC film; 3.Control system; 4.Explosion chamber;/ 5:Ciretiits

6.Mass flow controller; 7.Electrodes; 8.High speed camera; 9.Powder container;10.Ignition transformer;
11.Pressure gauge; 12.solenoid valve; 13.Premixed gas cylinder; 14.Compressed acetylene; 15.Compressed air
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Fig.3 Experimental device of 5 L capacity for testing dust explosion and'flame“propagation characteristics
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Fig.4 Explosion pressure and pressure rise rate of acetylene at different volume fractions
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Fig.5 The variation law of the explosion pressure of acetylene under the inhibitery effect of different concentrations of

sodium carbonate and sodium bicarbonate powder
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Fig.6 The variation law of the explosion pressure rise rate of acetylene under the inhibitory effect of different concentrations of

sodium carbonate and sodium bicarbonate powder
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Fig.7 Propagation characteristics and morphological structure of acetylenggexplosion flame with a volume fraction of 14%
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Fig.8 The structural changes of acetylene\explosion flame under the action of different concentrations of sodium carbonate
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Fig.9 The structural changes of acetylene explosion flame under the action of different concentrations of sodium bicarbonate
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Fig.10 The influence of sodium carbonate and sodium bicarbonate‘on the propagation speed of acetylene explosion flame
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Fig.12 TG-DSC{curves for thermal decomposition of sodium bicarbonate
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