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Fig. 1 Schematic illustration of the structural simplification for platelet-based composites, in which a highly disordered

realistic microstructure is reduced to an equivalent uniformly oriented configuration. The composite is further classified into

low-filled and high-filled regimes according to the formation of continuous thermal conduction pathways, where the red lines

indicate the least-resistance pathway.
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Fig. 2 Schematic of the thermal resistance network in low-filled composites. (a) Decomposition of the structural unit and the

corresponding thermal resistance components for in-plane thermal conductivity; (b) Thermal resistance configuration in the

in-plane direction; (c) Decomposition of the structural unit and the corresponding thermal resistance components for through-

plane thermal conductivity; (d) Thermal resistance configuration in the through-plane direction.
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Fig. 3 Schematic of the thermal resistance network in high-filled composites. (a) Decomposition of the structural unit and the

corresponding thermal resistance components for in-plane thermal conductivity; (b) Thermal resistance configuration in the

in-plane direction; (¢) Decomposition of the structural unit and the corresponding thermal resistance components for through-

plane thermal conductivity; (d) Thermal resistance configuration in the through-plane direction.
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Fig. 4 Schematic of the computational workflow of Platelet-based thermal conductivity model.
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Thermal Conductivity Modeling for Platelet-filled Polymer Composites
Based on the Least Thermal Resistance Pathway

Lu He, Qiang Fu, Kai Wu"
(College of Polymer Science and Engineering, National Key Laboratory of Advanced Polymer Materials,
Sichuan University, Chengdu 610065)

Abstract Conventional thermal conduction models based on effective medium theory are typically established
under the single-particle assumption, which makes it difficult to capture interparticle interactions arising from
reduced filler spacing and the resulting changes in heat-flux directionality. Consequently, these models fail to
adequately describe thermal percolation behavior and exhibit pronounced prediction deviations at high filler
loadings. To address this limitation, the authors previously proposed a thermal conduction model based on the
least resistance pathway theory. By constraining heat flux to propagate preferentially along pathways with the
lowest overall thermal resistance, the model enabled accurate prediction of the effective thermal conductivity of
highly filled polymer/quasi-spherical filler composites. Building upon this framework, the present study further
extends the least resistance pathway concept to platelet-based composites. By equivalently mapping the highly
disordered platelet filler distributions with complex spatial correlations into an analytically tractable simplified
thermal resistance network, and by introducing a directional selection mechanism inherent to the least thermal
resistance path theory, the vectorial nature of heat flux is explicitly captured. As a result, the proposed model
effectively describes thermal percolation and anisotropic heat conduction behavior induced by platelet proximity,
overlap, and network formation. Validation against experimental data across multiple materials demonstrates that
the proposed model achieves a fitting coefficient of 0.98 over more than 200 datasets of platelet-filled polymer
composites, with an average relative error of only 11.54%. The predictive capability extends to filler loadings of
up to 50 vol% , covering the majority of currently processable platelet-based composites. This model thus
provides an efficient and reliable tool for predicting the thermal performance of polymer/platelet filler composites
and offers theoretical insight into thermal percolation phenomena in polymer composites.
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