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Abstract: In order to systematically improve the safety and economy of the emulsion explosive synthesis process,
this study conducts multi-layer modeling from three dimensions: interfacial energy regulation, thermodynamic margin
construction, and digital monitoring of the production chain. At the molecular scale, based on the distribution of the oil-
water phase interface and the configuration of the functional groups of the emulsifier, a kinetic mechanism for enhancing
the stability of the phase boundary is proposed. In the reaction control path, by integrating the coordination strategy of
heat and mass transfer inside the microreactor and the control of multi-variable coupling conditions, a thermal runaway
early warning model is constructed. In terms of the greening of the process, an efficiency function for solvent recovery and
a model for the purification path of regenerated raw materials within the closed-loop circulation system are established. In
the economic evaluation part, a multi-objective Pareto optimization algorithm is introduced to perform weighted modeling
of raw material consumption, safety investment, environmental costs, and life cycle losses. The results show that a dynamic
equilibrium can be achieved between the safety indicators and the economic performance, and a safe synthesis system with
the stability of energy distribution as the core is constructed, promoting the evolution of emulsion explosive manufacturing
from high consumption and high risk to high stability and high efficiency.

Keywords: Emulsion explosive; Synthesis safety; Process economy; Interfacial energy regulation; Thermodynamic
margin; Life cycle cost
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