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The influence of heat treatment process optimization on the microstructural and mechanical
properties of alloys
Yong He
Tianjin Xiangyu Aluminum Industry Co., Ltd.

[Abstract] Heat treatment enables the regulation of alloy phase transformations, precipitation behavior, and
grain size, making it a key approach for optimizing the microstructure and enhancing mechanical properties.
This study systematically analyzes the underlying mechanisms by which process parameters—such as solid
solution temperature, aging conditions, and cooling rate—influence the microstructural evolution of alloys, and
investigates the intrinsic relationships between microstructural parameters (e.g., the content of the o phase, the
morphology of secondary phases, and grain size) and properties such as strength, ductility, and toughness.
Experimental results demonstrate that the core of effective heat treatment optimization lies in the precise control
of both the thermodynamics and kinetics of phase transformations, the synergistic utilization of multiple
strengthening mechanisms, and the overcoming of the technical bottleneck where achieving both high strength
and good ductility is challenging. By integrating quantitative microstructure—property models with advanced
processes such as cyclic heat treatment, this paper explores their potential for performance prediction and precise
control in aerospace power components and additive manufacturing alloys, thereby providing a comprehensive
theoretical foundation and practical engineering reference for the development of novel heat treatment processes
for alloys.
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