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Phase Transformation Kinetics and Microstructure Control
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He Yong
Tianjin Xiangyu Aluminum Co., Ltd. Tianjin 300000

Abstract : The final macroscopic service performance of metal materials is essentially determined by their internal
microstructure characteristics, and the formation of these micro—configurations is the result of the
interaction and adaptation of thermodynamic driving force and dynamic evolution path in the phase
transition process. In this paper, the dynamic principle and controllable characteristics of diffusion
phase transition and displacement phase transition are sorted out layer by layer. The core position of
thermo—dynamic coupling in microstructure customization design is dismantled. The application status
of multi—scale phase field simulation technology is sorted out. At the same time, combined with extreme
non—equilibrium processing scenarios such as additive manufacturing, ultra—fast laser bombardment
and instantaneous pulse electric heating, the irreplaceable application value of phase transition kinetics
is clarified. Finally, the remaining research difficulties in the current field are sorted out, and it is clear
that the iteration of the research paradigm from " relying on thermodynamic screening " to " relying on
kinetic customization " is the core direction of the follow—up development in this field.

Keywords : phase transition kinetics; microstructure control; thermo—-kinetic synergistic effect; multi-
scale simulation; non-equilibrium machining
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