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Abstract: Titanium alloys are widely applied in high-end manufacturing fields due to their excellent properties such as
high specific strength, good corrosion resistance, and high-temperature resistance. However, with the increasingly
stringent performance requirements of high-end equipment for materials, conventional heat treatment processes can
hardly meet the demand for further improving the properties of titanium alloys. As an efficient and environmentally
friendly modification technology, deep cryogenic treatment has become an effective method for the performance
regulation of titanium alloys. This paper reviews the development and applications of deep cryogenic treatment
technology. It elaborates on the core mechanism by which deep cryogenic treatment regulates the properties of titanium
alloys from three aspects: grain size evolution, martensitic transformation behavior, and residual stress field
optimization. The influencing patterns of process parameters such as deep cryogenic treatment holding time, cycle
number, and cryogenic and heat treatment sequence on the properties of titanium alloys are summarized. The latest
research progress in composite deep cryogenic treatment processes is introduced, and the bottlenecks in current
research are pointed out, aiming to provide a reference for the subsequent research and engineering applications of
deep cryogenic treatment technology for titanium alloys.
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Fig.1 IPF maps (a, b) and TEM images (c, d) of Ti55531 alloy: (a, ¢) before deep cryogenic treatment; (b, d) after deep cryogenic treatment
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Fig.2 Metallographic microstructures of Ti-29Ta alloy under

different treatment processes: (a) IWQ; (b) LNQ; (c)
LNQ-3h; (d) LNQ-6h
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