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Abstract: In order to address the risks of stability degradation and environmental coupling faced by emulsion explo-
sives during the storage and transportation processes, this paper, from the material dimension, proposes a synergistic ap-
proach of interfacial molecular dynamics and nanoscale anti-crystallization technology to enhance the crack resistance of the
matrix structure. At the environmental response level, through the temperature, humidity and vibration coupling model and
the closed gas regulation technology, a multi-dimensional suppression of the storage-induced mutagenic factors is achieved.
At the intelligent level, a real-time perception and dynamic evaluation mechanism is constructed by integrating the optical fi-
ber sensing network, early warning algorithm and edge computing. In terms of transportation safety, a resonance avoidance
design and extreme climate adaptive packaging strategy are introduced. Finally, in the system-level governance, a dynamic
safety guarantee scheme is proposed through accident chain modeling and a life cycle decision-making model. The research
results indicate that the core of the safety of emulsion explosives does not rely solely on single material modification or
single-domain control strategies, but rather requires the construction of a cross-scale and full-process collaborative stability

mechanism to meet the continuous safety operation requirements in complex scenarios.
Keywords: Emulsion explosives; Storage safety; Transportation dynamics; Phase transition suppression; Intelligent

monitoring; Risk assessment
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