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Abstract

Microwave-assisted rock breaking technology offers significant engineering application value in
deep resource extraction, tunnel excavation, and hard rock fragmentation due to its advantages
of selective heating, low energy consumption, and high efficiency. The variation in dielectric properties
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among constituent minerals is the fundamental cause of microwave-induced thermal stress. The re-
sulting non-uniform temperature field concentrates thermal stress at mineral interfaces, driving
microcrack intergranular initiation, transgranular propagation, and the eventual formation of
connected fracture networks. This process significantly reduces rock strength and enhances the
efficiency of subsequent mechanical breaking. In terms of numerical simulation, multi-field cou-
pling technology has also become a key approach. Current research on rocks remains relatively
broad, and the microwave-induced damage mechanisms are not yet fully understood. In particu-
lar, the quantitative correlation between micro-scale thermal stress evolution and macro-scale
mechanical property deterioration requires further investigation. This paper systematically re-
views the research progress and application status of microwave-assisted rock breaking, aiming
to provide a systematic reference for theoretical advancement and engineering application in re-
lated fields.
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Figure 1. The microwave thermal effect of polar molecules
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Flgure 2. Diagram of the thermal cracking process of rocks
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Table 1. Comparison of different numerical simulation methods in microwave fracturing research
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