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Abstract: Polypropylene (PP) is a widely utilized plastic material in industrial production. However, during its production and
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transportation, PP dust can form explosive dust clouds, leading to dust explosion accidents that pose severe threats to personnel
and equipment safety. In this study, a novel explosion suppressant NiP@Fe-SBA-15 was synthesized to suppress the propagation
of PP dust combustion flames. The synthesis method employed was in situ, whereby SBA-15 mesoporous silica was modified
with Fe ions, followed by the loading of NiP to obtain a composite powder with uniformly dispersed active components and well-
preserved mesoporous structure. Characterization results from SEM-Mapping and N, adsorption-desorption experiments revealed
that NiP@Fe-SBA-15 maintains a high specific surface area, exhibits a regulated pore structure, and shows no obvious particle
agglomeration. The Hartman tube explosive testing system was used to evaluate the effect of NiP@Fe-SBA-15 explosion
suppressor on PP dust deflation. The results show that, with the increase of NiP@Fe-SBA-15 additive, the flame propagation
speed, brightness, and flame length of PP deflagration decreases significantly. The flame propagation is almost completely
inhibited when the suppressant dosage reaches 70wt%. The double explosion suppression mechanism of NiP@Fe-SBA-15
inhibiting the deflagging of PP dust is analyzed. On the physical level, NiP@Fe-SBA-15 inhibiter<ccupies the reaction space
and reduces the concentration of oxygen and combustible volatiles. At the same time, the SBA-15iolecular sieve exposed by
thermal decomposition of the suppressor absorbs heat by forming a physical barrier, thus reducing the intensity of the combustion
reaction. At the chemical level, NiP decomposition releases Ni- and P- radicals, whiclinéffectively consume key free radicals
(H+,0O*,OH *) in the combustion reactions, interrupting the explosion chain reactiong. Meanwhile, Fe-based species reduce
oxygen availability by rapidly oxidizing to Fe;O,, further weakening the overall¢ombustien intensity. In summary, the present
study has demonstrated that NiP@Fe-SBA-15 is an effective explosion suppressant for PP dust explosions, reducing the
combustion intensity of PP dust by combining physicochemical synergies, The research results can provide a new idea and method
for improving the safety of polypropylene industry. Future research/Will focus gn optimizing the application of NiP@Fe-SBA-15
explosion suppressors in industry, while solving the problems of.Cost; .€nvirenmental sustainability and stability, so as to further
promote the dust explosion prevention technology.
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1-Control valve ignition generator;2-Quartz glass tube;3-Electrode;4-High

7-Air storage chamber;8-Barometer 1;9-Intake valve 1;10-Barometer 2; lve 2;12-High-pressure air tank
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Fig.4 Particle size distribution of SBA-15 and NiR@Fe-SBA-15
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Fig.6 Flame Structure of 400 g/m® PPDust Explosion with Different Concentrations of Explosion Suppression Powder
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Fig.7 Comparison of inhibition properties of SBA-15 and NiP@Fe-SBA-15 on deflagrant flame propagation of PP dust
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Fig.9 Effect of Explosion Suppressant Powder Concentration on the Average Flanie Rropagation Velocity of PP Dust
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Fig.11 SEM Image of PP Explosion Products Before Adding Explosion Suppressant
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