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Abstract: In recent years, with the increasing demand for efficient thermal management
technologies in fields such as electronic devices and chips, industrial energy systems, building
energy conservation, and functional metamaterials, research on the regulation of heat flow
has gradually become an important interdisciplinary direction in thermal science and materials
science. Among these, the thermal rectification effect based on phase change materials has
attracted widespread attention from researchers worldwide. This paper systematically reviews
the research progress of phase change materials in the field of thermal rectification. First, it
introduces the latest research advances in solid-solid and solid-liquid phase change materials
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based on different material phase transitions, and analyzes the design differences among
various thermal rectifiers. Then, it focuses on the construction and optimization of various
thermal rectification devices based on phase change materials, including the improvement of
thermal rectification performance through heterojunction design, interface engineering, and
material compounding. Finally, the paper reviews the progress in the application of thermal
rectification materials in electronic device chip heat dissipation, energy system and building
energy-saving thermal management, and novel metamaterials. It discusses a series of key
issues and challenges, including precise control of phase transition temperature and range,
improvement of the thermal rectification (TR) ratio, and further enhancement of cyclic stability.
The paper also looks forward to future research trends in next-generation intelligent thermal
management. Based on existing research results, the paper proposes methods such as
doping or compositing polymers with high thermal conductivity materials, interface
strengthening and micro/nano encapsulation, and asymmetric gradient structure design to
optimize the phase transition temperature range and further improve thermal rectification
performance, providing guidance for the design of high-performance thermal rectification
materials.

Keywords: phase change materials; thermal rectification; thermal devices; composite

material; interface engineering
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Fig. 1 (a) Schematic diagram of oxide thermal rectification; (b) Scanning electron microscope image of a
graphene thermoelectric diode; (c) Schematic diagram of a thermoelectric diode based on a porous silicon film
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Table 1 Comparison of phase change characteristics of phase change materials

ARAZ AR AHAR A ARSI B/ C AT RIW/I(M-K)] AR RFRIWI(mM-K)] TR SR
Ge,Sb,Te, [ & (e 3L ) 162 0.20(3EA) 0.63(377 i) 3.15
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Fig. 2 Schematic diagram of a thermal diode® **
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