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Abstract: Elastocaloric refrigeration technology based on shape memory alloys offers high efficiency,
energy saving, and environmental protection, making it an ideal alternative to the traditional vapor
compression refrigeration technology. Among materials exhibiting the elastocaloric effect, NiTi-based
shape memory alloys have become the most promising elastocaloric materials for both scientific research
and engineering application, due to their excellent mechanical properties and elastocaloric performance.
However, the challenges, such as large stress hysteresis, relatively high transformation stress, and limited
cycling stability, hinder largely their commercial applications. This review discusses first the
thermodynamic fundamentals and characterization methods of elastocaloric effect, followed by a summary
of the recent advancements on enhancing the elastocaloric performance of NiTi alloys through mechanical
processing, heat treatment, elemental doping, additive manufacturing, and strain glass, as well as the
development of the elastocaloric refrigeration devices and prototypes based on NiTi alloys. Finally, this
review discusses the research perspectives, such as the improvement of the material fatigue life, cycling
stability and elastocaloric effect by doping elements, microstructure modulation, introduction of strain glass
transition, and crystallographic compatibility adjustment; developing new NiTi-based or other alloys
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with small driving force and large elastocaloric effect; designing and optimizing the material structure to

improve the heat transfer efficiency; designing new type of elastocaloric refrigeration devices with high

cooling efficiency, long fatigue life, high adaptability of working conditions to broaden their application

range.

Key words: shape memory alloy; NiTi alloy; elastocaloric effect; martensite transformation; solid-state
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(a)stress-strain curves; (b)temperature-entropy diagram
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