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Abstract : Research progress of the thermal conduction mechanisms of polymer composites in recent years was summarized,

the theoretical framework models for predicting thermal conductivity were outlined, and highlights that the phonon conduction

mechanism was crucial for enhancing the thermal conductivity of thermally conductive polymer composites were introduced. By

analyzing the characteristics of Maxwell model, Bruggenman model, Every model, and other comprehensive models, it became

evident that these theoretical models provide effective methods for predicting the thermal conductivity of polymer composites. Addi-

tionally, the important factors influencing the thermal conductivity of filler-based polymer composites were explored. The influence

law of factors such as filler type, filler shape and size distribution, filler content, and interfacial thermal resistance on the thermal

conductivity of polymer composites were investigated. Finally, the challenges currently faced in the research of thermally conduc-

tive polymer composites were summarized, and future research directions and development trends in this field were discussed.

Keywords : polymer ; composite ; thermal conductivity ; thermally conductive fillers ; thermal conduction mechanism
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Tab.1 Thermal conductivity of common polymers

Materials Thermal conductivity/[W +(m+K)™']

Epoxy resin 0.2~0.88

Low-density polyethylene 0.32~0.40

High-density polyethylene 0.38~0.51
Polyamide 6 0.29
Polyamide 66 0.23
Polydimethylsiloxane 0.19
Polyether ether ketone 0.25

Polyimide 0.1~0.35
Poly(methyl methacrylate) 0.18

Polypropylene 0.17~0.22
Phenylene sulfide 0.25
Polystyrene 0.18
Polysulfone 0.28
Polytetrafluoroethylene 0.25

Polyvinyl chloride 0.14~0.17

1R BT AN FH AN BT S e A )
1.4 RAod#HFFFRn AR

YEA4 R 1k AT TR A T A AR I TR BN
BB LR T ZROR RS RL UL 2, X R
XTI SR T, BRI 8 0 B B2 A MR I 238 AT
SEMBHRIT A B8 T 32 iy ] P Al
HWEAMEATREK) LSRG W ER) MG E
(K™ 3 HOR (EURE) A B 288 (K ) S A3 BRI R 3 B8 ) TRD Y
KFRo K2, a W FIBHE R - C SRS
HISE L CoM TR Z [BIAH EAE IS4,

R2 RAVASERNRE

Tab. 2 Predictive model of thermal conductivity for polymers

Model Formulas Scope of use
K+ 2K" + 2f (K" - K™)
Maxwell model™” K=K"|— / : Uniform distribution, low fill rate
K™ +2K" - f(K - K")
. el
B _ m
ruggeng}?n 1-f= K-x Kf*) Higher content of thermally conductive fillers
model K" - K\ K

Every model® (1 —f)3 =

K" K(I - a) X
* v

Budiansky model*” 1-f= (I{ -K (/L)
- )\ k

Tandem model®*! F=(1-f)k"+ &

kl]lk*

Parallel model™ =

SE" = (f = Dk

Agari model™

. K \ pm
logK :fCrlugl:CijI +log(C K™)

P

K'-K(1-a) )%“’(Km )M““’J

Higher content of thermally conductive filler, considering
thermal resistance

Small amount of filler added in a single pass, highly filled,
spherical particles

Predicted maximum thermal conductivity

Predicted minimum thermal conductivity

Consider the positional relationship and interaction of the filler with the
substrate
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Tab.3 Thermal conductivity of common thermally conductive fillers

Thermal conductivity/

Fillers Type of filler [W(m-K)"]
Al Metal 234
Cu Metal 386
Ag Metal 427
Carbon nanotubes Carbon 1 000~4 000
Carbon fiber Carbon 300~1 000
Graphene Carbon 2 000~6 000
Graphite Carbon 100~400
Hexagonal boron nitride Ceramic 185~300
AIN Ceramic 100~300
Diamond Ceramic 1000
B-SiC Ceramic 120
a-AlLO, Ceramic 30
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