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Abstract

As renewable and clean energy carriers, metal fuels offer a mature and feasible sustainable alternative to fossil
fuels. However, metal dust explosion accidents under humid operating conditions have occurred frequently
in recent years. To clarify the potential explosion risk of metal dust in humid environments, spherical Mg dust
with three particle sizes was selected to prepare moisture-containing samples with moisture contents ranging
from 0% to 10% in this study. Minimum ignition energy (MIE) tests were conducted in a Hartmann tube at dust
concentrations of 500~1500 g/m*. Meanwhile, the minimum ignition temperature of the moisture-containing
Mg dust and the real-time dust concentration at the ignition delay time of 120 ms were synchronously mea-
sured. A prediction model for real-time dust concentration was established based on Stokes’ settling theory.
Furthermore, on the basis of the thermal theory of spark ignition, a prediction model for the MIE of moisture-
containing Mg dust was developed by introducing three correction terms, namely concentration deviation,
particle agglomeration and energy loss. The results show that the MIE of Mg dust exhibits a monotonically
increasing trend with the rise of moisture content. The increase of MIE is relatively gentle in the low and
medium moisture content range of 0%~6%, while an abrupt jump occurs in the high moisture content range
of 8%~10%. Moisture content inhibits the ignition sensitivity of Mg dust mainly through multiple synergistic
mechanisms, including the isolation effect of liquid film and oxide layer, wet agglomeration and settling, gasifi-
cation heat absorption, and water vapor dilution. The established MIE theoretical model is in good agreement
with the experimental data. This study reveals the multi-scale influence mechanism of moisture content on
the ignition sensitivity of Mg dust, and quantifies the coupling law of particle size, concentration and moisture
content. It can provide critical experimental support and theoretical basis for the combustion and explosion
risk assessment, prevention and control of industrial moisture-containing Mg dust.
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