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Fig. 1. Comparison of thermal conductivity among typical materials.
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Fig. 2. Thermal transport mechanism in crystalline materials: (a) Phonon scattering

mechanisms; (b) Spring-mass model of a crystal and a one-dimensional polymer chain.
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Fig. 3. Application of different theoretical models for thermal conductivity prediction:
(a) Semi-empirical model®”; (b) Minimum thermal conductivity model®; (c)

Effective medium model*®); (d) Allen-Feldman model®”.

2.1.6 A [FEIFERFX BE o BT

BRSSO A A FEDCR 203 (UM IE ST 0 B B

20 i 75 HUN FEAE 5 Klemens B A B % PR N AR AT AR A2 28 b B IS AR A

feth, (HIE AR TR T () KR, AR R EGE 2 E RS

I, SR A JE PP HON 2 G B80S TG R AL SR TN 22 . Cahill fiz /N4 5 5246

RIAEFA TO P R E W R B S | T A8 24 (B BUK R A 1 iAr

ST R B A R EE— Bk, 8 b3 R 5 B e AT AL, AEAE e £ 5




EML G RAE . B RO IR RE IR B A% 701 [ O A1, 57 45

LR NS B ERIN S RN E B AR, G T S SE SV RIS BRI &

{E 368 5 2 e S T A BH L A AN 0K i BCF  E E BY UA A R R] BE SN e 22

Allen-FeldmanPE 18 F 1 | B /R 24 2 Hiizs 7 P2 AR LY, i S Y BOR s DR |

TR £y PR A ) A R TR, (G AR, ELR AR

R ATk = 48— B
R 1 AFREGW AL S EIRBT B Lt

Table 1 Comparative analysis of theoretical models for thermal conduction in different polymers.
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templating3°!.
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polymers
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Variation of chain rotational order parameters with potential energy in both systems.
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Figure 14 ML framework integrating high-throughput screening and efficient inverse
design!!'l: (a) Benchmark and exploration polymer datasets; (b) Construction of ML
models for predicting TC of polymers; (¢) MD validation of TC for polymers; (d)

Design of novel thermally conductive polymers via Monte Carlo tree search.
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Abstract

The development of 5G, artificial intelligence and new energy technologies
imposes stringent requirements on thermal management, driving the need for polymers
with high intrinsic thermal conductivity (TC). In this review, we summarize recent
progress in this field. We begin by examining heat transfer mechanisms in polymers,
from atomic-scale phonon transport to the collective effects of chain conformation,
alignment, and morphology. We then analyze how key structural factors—notably intra-
chain and inter-chain interactions—govern thermal transport. Furthermore, we review
experimental strategies to enhance TC, with a focus on improving chain alignment and
molecular design. The complementary role of computational methods, such as first-

principles calculations and molecular dynamics simulations, in revealing microscopic
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transport mechanisms and predicting thermal properties. We further highlight the
growing influence of machine learning, which accelerates the mapping of structure—
property relationships, enables high-throughput prediction of thermal conductivity, and
supports the inverse design of new polymers. Finally, we identify prevailing challenges
concerning fundamental mechanistic understanding, the scalability of fabrication
techniques, and long-term performance stability, while suggesting promising research
directions for the rational design and practical implementation of next-generation, high-
TC polymers in advanced thermal management.

Keywords: thermally conductive polymer, heat transfer mechanisms, machine learning,

advanced thermal management.
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