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Abstract: Dust explosion is a high-risk industrial accident, where microstructural changes
play a critical role during the explosion process. However, conventional experimental meth-
ods struggle to capture the dynamic changes during explosions, which leads to limitations in
understanding the mechanisms of dust explosions. This paper explores the advantages of ap-
plying synchrotron radiation small-angle X-ray scattering (SAXS) in dust explosion re-
search. By leveraging its high temporal resolution (millisecond to nanosecond) and nanoscale
structural probing capabilities, SAXS can provide real-time analysis of microstructural chan-
ges during dust explosions. The challenges and recent breakthroughs in using this method

for dust explosion research are discussed. Furthermore, the potential applications of this
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method in risk assessment and explosion prevention are also envisioned.

Keywords: Dust explosion; Synchrotron radiation; Small-angle x-ray scattering; Microstruc-

ture; Pore structure; Time resolution; Explosion mechanism
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Fig. 1 Schematic diagram of dust explosion'?)  (a) Dust cloud; (b) Combustion and explosion.
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Table 1  Comparison of sveral characterization techniques for dust explosions
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Fig. 2 Integrated schematic diagram of the synchrotron radiation time-resolved SAXS experimental setup, control and data ac-

quisition system for dust explosion.
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Fig. 5 Schematic diagram of the application of the new semi-transparent double-thickness beam attenuator in SAXS. (a) Sche-

matic diagram of double-thickness absorption sheet. (b) SAXS image of glassy carbon collected at the SAXS experimen-

tal station on the 1W2B beamline at the Beijing Synchrotron Radiation Facility (BSRF).
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Fig. 6 Schematic diagram of the fuzzy scattering effect of medium-thick samples in SAXS. (a) Ideal thickness samples in the

conventional SAXS experiment (upper) and non-ideal thickness samples in the dust explosion SAXS experiment (low-

er); (b) Comparison of the sample simulated scattering curves with the theoretical scattering curve under the conditions

of setting different equivalent sample positions, assuming that the incident X-ray energy is 12 keV, the sample is a

sparse monodisperse spherical carbon particle system with a radius of 10 nm, and the optical path (i e. ,
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thickness) passing through the dust sample in the explosion chamber is 300 mm. Among them, the black vertical dotted

line represents the peak position of the scattering curve when the sample is assumed to be an ideal thin slice [2!7,
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