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Fig. 1 Microwave penetration depth in the metal particles
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Evolution Mechanism Analysis of Metal Microwave Sintering Based
on Phase-Field Model and its Experimental Validation by SR-CT

KANG Dan, XU Feng, HU Xiao-fang, LLIU Wen-chao, DONG Bo, XIAO Yu
(Department of Modern Mechanics, University of Science and Technology of China, Hefei 230027, China)

Abstract: In order to explore the mechanism of microwave sintering of different kinds of metal
material, in this paper, both titanium and aluminum with different electromagnetic characteristics
were selected, the interaction between microwave and metal particles was analyzed. According to
classical Maxwell equations, eddy current and skin effect are generated on metal surface. Based on the
microwave heating efficiency theory proposed by P. Mishra and K. 1. Rybakov, it is derived that
thermal effect of titanium is much higher than that of aluminum. Since Lorentz force generated by
eddy current and pointing to the interior of particles has non-thermal effect and hinders the outward
diffusion of internal matter, and the induced eddy current of aluminum is larger than that of titanium,
so its centripetal force is larger than that of titanium. The driving force of material diffusion is
different due to the thermal effect and non thermal effect of microwave. It is concluded that the
microwave sintering rate of titanium is obviously larger than that of aluminum, which is different from
conventional sintering. Introducing analysis results into phase field numerical simulation, changing
the surface and bulk diffusion variables, which control the evolution process, in phase field model,
different results were obtained. Quantitative analysis of the evolution of sintering neck and
microstructure parameters with the simulation time was carried out. The experimental parameters
obtained by synchrotron radiation computed tomography (SR-CT) technology are consistent with the
theoretical analysis and simulation results, which verify the correctness and feasibility of the analysis
and simulation. Above results may provide support for the study of mechanism evolution of metal
subjected to microwave sintering.

Keywords: metals; microwave sintering; microstructure evolution; phase-field dynamics model;

Synchrotron radiation computed tomography (SR-CT)



