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Figure 1 (Color online) Molecular structure and thermal conductivity
mechanism of polymersm. (a) Illustration of molecular chains or atom
vibration by the mass and spring system; (b) crystalline and amorphous
regions in polymers; (c) factors causing phonon scattering in polymers
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Table 1 The thermal conductivity of common polymersm

PR )

%% 3 Z i (low density polyethylene, LDPE) 0.30

17 2% I8 2 ) (high density polyethylene, HDPE) 0.44

FXR R T e (poly(butylene terephtha- 0.29
late), PBT)

X2 — iR £ Rk (poly(ethylene terephtha- 0.15
late), PET)

JE JE6(nylon-6, PA6) 0.25

R (polypropylene, PP) 0.11

PR 2 (polystyrene, PS) 0.14

BEBRTRE (polycarbonate, PC) 0.20

T TR (epoxy, EP) 0.19

IE LIF (polyvinyl chloride, PVC) 0.19

I 2} (polyvinyl alcohol, PVA) 0.20

I % (polyformaldehyde, POM) 0.40

R Z [ (polyurethane, PU) 0.25

L (polyimide, Thermoplastic, PT) 0.11

B H IL T IATR F 196 (polymethylmethacrylate, 021

PMMA) :

JE JE66(nylon-66, PA66) 0.26

R IU% LI (polytetrafluoroethylene, PTFE) 0.27

B . Z 4 (polyvinylidene difluoride, PVDF) 0.19

O -BETR S i@%%(g;)}z)(ethylene vinyl acetate), 034
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Figure 2 (Color online) Schematic diagram of the spider web tensile structure™, (a) A schematic orb-web built by a spider N. clavipes; (b) a typical
scanning electron microscope (SEM) image of individual dragline silk; (c) the skin-core structure of individual dragline silk fiber; (d) compositions of
spider silk-core fibril; (e) internal matrix structure of spider silk; (f) the crystalline f-pleated sheets are made up of several antiparallel peptide chains; (g,

h) the structural states of crystalline and non-crystalline zones in the inner matrix of spider silk under small and large strains
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Figure 3 The microscopic pattern of spherulites in the mesogen-containing resin system
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Table 2 Thermal conductivity and dielectric constant of common inorganic thermal conductive particles[x]

kL SHAKW m KT IR Tk SHAKWm K I ERE i
Ag 429 - MgO 40 9.7
Cu 401 - h-BN 180 4.2~4.5
Ni 90 - ¢-BN 1300 42
Al 237 - 0-ALO; 33~36 9.3~11.5

BRET 4 100 - JCEMSIO, 1.1 3.9
T B 6~174 - 45 SiO, 12.6 4.6
TR 3000 - Zn0 30 8.2~11
A 100~400 - SiC 80~120 9.7
Vg7 5300 - SizN, 180 42
Eepe 2000 5.7 AIN 320 9

a) “= R TEH
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Table 3 Summary of the preparation method of high thermal insulating materials
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AR A/ A e IR G A1 11.7/6 2.00 2020 [28]
WE NG SNIAA BN HAREGHA 20 2.48 2019 [29]
FREAKRDLE FALNGOK R/ BACA 2205 B i g 90 55.65 2021 [30]
R LM-7SmANE BB EI ARG K A RE A 20/2 5.38 2020 [31]
LA R YRET Y RALE/ AL HAS - 50 5.90 2020 [32]
RAw LM BACTNGK iR e 33 16.30 2018 [33]
W/ Il RALTAUK /AR ARAS Fre 25 22- W N AR B R 27.5/3 6.30 2020 [34]
BB/ R IR FALTIYIK Rk [l 30/0.3 8.40 2021 [35]
RN Ak L 22 15 16.00 2019 [36]
LA AR/ AL SR 40/20 1.52 2021 [37]
WEHE/RC BACHN BT Yt SRR - R R 15/42 1.70 2021 [38]
WE NG RACTRGAK Fr AR LR VKB - AR 20 475 2020 [39]
JFRLT Y RALBIAK H VBRI T 70 122.50 2020 [40]
A AR BACTRGIK 3DFTEIEEAR 20 2.52 2020 [41]
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Figure 4 (Color online) Surface treatment and assembly procedures of AIN particlesw
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Figure 5 (Color online) The preparation process of BNNS-GFS/CNF composite films and the interaction mechanism between molecular chains". (a)
Scheme illustrating the preparation process of BNNS-GFS/CNF composite films; (b) the phonon density of states versus frequency of BNNS-OH and

GFS; (c) the interaction among BNNS, GFS, and CNF
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The continuing miniaturization and increasing power density of electrical and electronic equipment have created higher
requirements for the heat dissipation capacity of packing and insulating materials. Long-term operation of electronic
devices will cause local overheating of core components, which will significantly affect the reliability and service life of the
components. Heat dissipation has even become a technical bottleneck in the development of electronic devices with high
integration. Therefore, developing new composite materials which offer excellent thermal conductivity has attracted
significant interest worldwide in recent years.

To address these issues, researchers improve the thermal conductivity of polymer materials mainly through the following
two aspects. One is to modify the polymer body so that the internal molecular and chain structure of the polymer has a high
degree of crystallization or orientation, thereby improving its thermal conductivity, but this method is a cumbersome
preparation process and is still in the laboratory research stage. Second, inorganic fillers with high thermal conductivity can
be filled in the polymer preparation process to form a thermal conductivity channel, thus improving the thermal
conductivity. The latter composite material has been widely used in electronic packaging, electric machine potting and
other fields because of its low cost, simple processing and convenient industrial production.

This paper reviews the research status and progress of the preparation and application of composites with high thermal
conductivity in recent years. Firstly, the factors that affect the thermal conductivity of materials are mainly introduced from
two aspects: (1) The crystallinity of polymer matrix, the interaction between molecular chains and the micro-scale ordered
structure; (2) the particle size, doping amount and geometry of thermal conductivity filler. Researchers have found that the
key to obtaining composites with high thermal conductivity is to increase the ordered structure of the polymer or make the
thermal conductivity packing form the maximum density thermal conductivity path consistent with the heat transfer
direction in the polymer system. In view of the above key factors, we summarize five preparation methods that significantly
improve the thermal conductivity of composites: Functionalized packing surface treatment, random blending, electrostatic
spinning, field control and three-dimensional skeleton construction. Among them, constructing the 3D skeleton is
considered as the most promising method at present. A large number of papers reported the use of casting technology, 3D
printing technology and other methods to prepare three-dimensional thermal conductivity networks. In the casting
technology, the 3D thermal skeleton is firstly formed by the ice template method or salt template method, and then the
polymer matrix such as epoxy resin and PDMS is poured into the 3D skeleton to obtain the composite material with high
thermal conductivity. This method fundamentally improves the thermal conductivity of composites. Finally, in view of the
current situation of polymer insulating materials with high thermal conductivity in industry applications, we provide an
outlook on the future directions for the development of composite materials. It is hoped that material properties can be
optimized from the microscopic point of view in the future to obtain polymer composites with higher thermal conductivity
with less filler and lower cost.

thermal conductivity, thermal conductivity packing, electrostatic spinning, three dimensional heat conduction
network, polymer composite materials
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