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Simulation optimization on thermal conductivity and dielectric properties
of alumina/polypropylene composites

LI Shikun, LT Wenpeng, SHI Xiaoning, ZHAO Weijia, WANG Bo, ZHANG Chong, CHEN Xin

(State Key Laboratory of Advanced Power Transmission Technology,

China Electric Power Research Institute, Beijing 102209, China)

Abstract: To investigate the influence of the filler network constructed by alumina (Al,O;) on the thermal and dielectric
properties of polypropylene (PP) composites, this study constructed a finite element model of randomly filled AL O, fillers,
and systematically studied the effects of factors such as filler content, filler particle size, and size matching of binary fillers
on the thermal conductivity and dielectric constant of Al,O,/PP composites. The results indicate that increasing the filler
content can significantly bridge the Al,O, filler, synergistically construct an interconnected thermal conductive network and
electric displacement pathway, thereby significantly improving the thermal conductivity and dielectric constant of AL,O,/PP
composites. For single Al,O, filled PP composites, the thermal conductivity and dielectric constant of composites cannot be
effectively enhanced by regulating the size of AlL,O, filler. After introducing the multiscale fillers, at the optimized binary
filler ratio of 70: 30 (40 um: 15 pm), the overall thermal conductivity and electrical displacement networks show the
dominant skeleton of large-sized filler and the bridging branch of small-sized fillers features, which synergistically

contributes to the Al,0,/PP composite reach the optimal thermal conductivity (0.55 W/(m-K)) and dielectric constant (5.6).
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Fig.1 Flowchart of generating the finite element model
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Fig.2 3D finite element model of Al,O, filled composites
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Fig.3 Boundary conditions for heat transfer in the model
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Fig.4 Boundary conditions for electric field in the model
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Fig.7 Thermal conductivity of models under different d
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Fig.9 Thermal conductivity of models at

various binary fillers ratios
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OXTF e E R ALO/PP E AR, #£ — eI
KB40 um < 10 pm) ELF1 A4 70230 B, B 44 S AR BLAL
2 W 28 R IR KR ST SR 32 5 2R/ RT 3R
BRI 2 73 SCRFE , B8 9% B 5] (2 32F T % A2 1) 58 48
RS AL G A RHA B R R F %£(0.54 W/(m'K))
AU 40(4.6) .
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1E 5 S 7R AR R A B0 R RR 8 AG RE SR 4 AT R
A, T P TR 32 TS A 6 R S AR B R A H
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