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Research Progress on Polymer Thermoelectric Materials in Self-powered
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Jiangxi Institute of Fashion Technology, Nanchang 330000)
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Abstract: Self-powered smart clothing requires conformable wearability, continuous energy harvesting,
signal sensing, wash durability, and skin-contact safety. Polymer thermoelectric materials can convert the
low-grade temperature difference between the human body and the environment into electrical energy or
self-powered sensing signals. Their low thermal conductivity, mechanical flexibility, solution processability,
and textile compatibility render them promising candidates for garment-integrated energy harvesters and
passive sensors. This review summarizes recent progress in p-type poly(3,4-cthylenedioxythiophene):
poly(styrene sulfonate) (PEDOT:PSS) systems, polymer/carbon composites, n-type polymers, polymeric
multi-heterojunctions, printed thermoelectrics, thermoelectric fibers, and three-dimensional textile-based
heat-flow management, with an emphasis on key mechanisms, including polyamine-induced dedoping,
interfacial energy filtering, defect suppression in n-type poly(benzodifurandione) (PBFDO) polymers,
interfacial thermal scattering, and nanobinder-assisted printing. By comparing the low-temperature-gradient
output, response time, recognition accuracy, mechanical cycling, wash durability, sweat stability, and
biocompatibility, this review emphasizes that polymer thermoelectric smart clothing should be evaluated
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using an integrated “material parameter—device output—wearable reliability” framework rather than by

power factor (PF) or dimensionless thermoelectric figure of merit (ZT) alone. Future studies should focus on

thermal-electrical transport decoupling, n-type polymer stability, three-dimensional heat-flow management,

and standardized reliability testing to promote practical applications in self-powered smart clothing systems.

Keywords: Polymer thermoelectrics; Self-powered; Smart clothing; Poly(3,4-ethylenedioxythiophene):

poly(styrene sulfonate); N-type polymer
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Figure 1 Cross-scale mechanisms and performance relationships of polymer thermoelectric materials in self-powered smart

clothing
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Figure 2 System composition and application directions of polymer thermoelectric materials in self-powered wearable
devices, including solution processability, flexibility, and low thermal conductivity; vertical, horizontal, and origami-type device
architectures; and wearable applications involving power generation, sensing, Peltier cooling, and the corresponding energy-

conversion processes (Reprinted with permission from Ref. [1]; Copyright (2025) Springer Nature)
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Table 1 Core mechanisms of performance optimization and garment suitability of polymer thermoelectric materials
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Table 2 Quantitative comparison of thermoelectric performance and reliability of representative polymer thermoelectric

systems
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Figure 3 Typical architectures of polymer thermoelectric devices: (a) Vertical structure with heat flow passing through

p/n thermoelectric legs along the thickness direction; (b) Horizontal structure with planar p/n legs on flexible substrates;

(c) Origami-type structure that improves temperature-difference utilization and flexible integration through folding (Reprinted

with permission from Ref. [1]; Copyright (2025) Springer Nature)
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Figure 4 Structural design and thermal-response performance of three-dimensional thermoelectric fabrics: (a) Yarn composition,
woven architecture and PEDOT:PSS/oleylamine treatment process; (b) Static air layer for reducing parasitic heat conduction and
forming an out-of-plane heat-flow pathway; (c) Comparison with reported thermoelectric fabrics in air permeability, flexibility
and temperature-recognition capability; (d) Comparison of minimum temperature recognition and response time; (¢) Comparison
of bending-cycle stability (Reproduced from Ref.[2] under the CC BY-NC-ND 4.0 license; Copyright (2025) Springer Nature)
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Figure 5 Application examples of three-dimensional thermoelectric fabrics in limb-motion recognition and human-computer

interaction: (a) Wrist bending-angle recognition; (b) Elbow bending-angle recognition; (c) Finger bending-angle recognition;

(d) Glove-based wireless human-computer interaction system; (e) Examples of gesture signals for letter/word recognition;

(f) Confusion matrix of gesture recognition (Reproduced from Ref.[2] under the CC BY-NC-ND 4.0 license; Copyright (2025)

Springer Nature)
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Table 3 Application-level performance metrics of representative polymer thermoelectric textile devices
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