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Fig. 1. AgyS-based plastic thermoelectric materials: (a) AgyS;Te;1%; (b) AgygsS1/35€13Te; 315 () (AgyaCups)sSo.rSeqsl¥; thermo-
electric devices based on Ag,S)5Sey ;' (d) and AgyS;Tey'? (e). Reproduced with permission from John Wiley and Sons and The

Royal Society of Chemistry.
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Fig. 2. Plasticity and thermoelectric properties of MgsBi, single crystall'®: (a) Compressive stress-strain curves of different thermo-

electric materials and ductile semiconductors; (b) tensile stress-strain curves of different hexagonal close-packed metals and ductile

semiconductors; (c) tensile stress-strain curves of traditional thermoelectric materials; (d) optical images of deformed Mg;Bi,; power

factor (e) and room-temperature ZT (f) of different thermoelectric materials versus the maximum engineering tensile strain. Repro-

duced with permission from Springer Nature.
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Fig. 3. Microstructure characterization of deformed Mg;Bi, single crystal and the first-principles calculation®®: (a) SEM and

(b) TEM images of deformed Mg;Bi, single crystal; (¢) the schematic view of the slip systems in Mg;Biy; (d) contour plot for the

calculated slipping barrier energy of (1100) plane; (e) slipping barrier energy of (1100) plane along different crystallographic dire-
ctions; (f) ICOHP for steps of slipping along (1123) direction; (g)—(k) -COHP for steps of slipping along (1123) direction. Repro-

duced with permission from Springer Nature.
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VIEWS AND PERSPECTIVES

Research progress and prospects of plastic
thermoelectric materials
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Abstract

In recent years, significant progress has been made in the research of plastic thermoelectric materials, for
example, Ag,S-based alloys. These materials exhibit excellent room-temperature plasticity due to their low
slipping barrier energy and high cleavage energy, with synergistic enhancements in plasticity and thermoelectric
properties achievable through alloying and doping strategies. The latest study on Mgs;Biy-based single crystals
demonstrated superior performance in terms of plastic deformation capability and room-temperature
thermoelectric properties. Microstructural characterization and theoretical calculation have revealed the crucial
role of dislocation glide in the plastic deformation process of Mg;Bi, single crystals, especially, the low slipping
barrier energy observed in multiple slip systems. Importantly, the Te-doped single-crystalline Mg;Biy shows a
power factor of ~55 uW cm! K2 and ZT of ~0.65 at room temperature along the ab plane, which exceed those
of the existing ductile thermoelectric materials. These findings not only deepen the understanding of microscopic
deformation mechanisms in plastic thermoelectric materials but also establish an important foundation for
optimizing material properties and developing novel flexible thermoelectric devices. Future applications of these
materials in practical devices still face challenges in thermal stability, chemical stability, and interfacial contact.
Addressing these issues will promote the application of plastic thermoelectric materials in the field of flexible

electronics.
Keywords: plastic thermoelectric materials, flexible thermoelectric devices, Ag,S, Mg;Bi,
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