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Research progress on thermal conductivity of polyvinylidene fluoride composites

LI Kunpeng', JIAO Wenling™ , HE Liping' , BAI Junlei', QU Yiting' , ZHANG Xiachua® , DING Bin?
(1. College of Textile, Donghua University, Shanghai 201620, China; 2. Innovation Center for Textile Science and
Technology, Donghua University, Shanghai 201620, China)

Abstract: Thermal conductive composites have a wide range of applications in the fields of electronic packaging,
motor materials, batteries and heat exchange equipment. Polyvinylidene fluoride (PVDF) has excellent electrical
properties, good mechanical strength and high temperature resistance. It is one of the ideal materials for applica-
tions in electronics, aerospace and other industries. However, the low thermal conductivity restricts its further
development. It is urgent to develop PVDF-based high thermal conductivity composites. The key to its preparation
is how to select high thermal conductivity fillers, design thermal conduction pathways, and regulate interface
thermal resistance. Based on the theoretical knowledge of the mechanism, model, equation and numerical simula-
tion of polymer-based thermal conductive composites, combined with the crystal structure of PVDF, this paper
introduces the current development level of thermal conductivity of PVDF-based thermal conductive composites,
and the different effects of various fillers and preparation processes on their thermal conductivity. The latest
research progress of high thermal conductivity PVDF composites is reviewed from the perspectives of composite
strategy, network structure and interface bonding. In addition, its future development is also prospected.

Keywords: polyvinylidene fluoride; composite materials; thermal conductive filler; heat conduction pathway;

interface structure
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Fig.1 Introduction of polymer-based thermal conductive composites”
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Table 1 Properties of polyvinylidene fluoride (PVDF)

crystals with different crystal forms'™®

Category o B Y
Molecular , ,
. TGTG' TIT TTGTTG
conformation
Melting point Low Medium High
Polarity None Strong Intermediate
High

Electronically active None piezo-electric, Intermediate

ferro-electric

Elasticity — Greatest —

Solvent resistance — — Strong
Thermal stability — Weak Strong
Radiotolerance — — Strong

TRk, ke E 0 M Lk R 45 S
PEREDE S+ B9k 1 /PVDF B A BRI . SR, 7
AR SR, PVDF BTG P %
(FI TN 0.1~02W/(m-K)®) b S EBPGRH, #F
Mol & BT oS, MmN EREEZ 2N
R, Nk B R S AR AR 1Y PVDF K H:
52 G OREZ T B 3 AT R B W R, A AR
# PVDF 5 #4 #4 B} A1 55 5 PVDF 3 2 & 4L,
Horp, AE 7Y 5 36 ) Y A 52 3R 57 PVDF 4y %
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Fibroblast cell adhesion and wound healing
Macrophage and fibroblast viability
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HA—Hyaluronic acid; API-IL—Active pharmaceutical ingredient ionic liquids; H—Magnetic field intensity; I—Electric current; V—Voltage
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Fig.2 (a) PVDF/polyacrylonitrile (PAN) electrospun membrane for sodium ion batteries”™”; (b) Spin valve device with PVDF polymer stacking

structure®®; (c) Workflow of developing drug delivery carriers based on PVDE®"; (d) PVDF-based wearable sensors
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Fig.3 Way to improve the thermal conductivity of PVDF-based composites”
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Table 2 Thermal conductivity of various fillers

at room temperature’™
Category Filler Thermal conductivity/(W-m™"-K™")
Ni 158.00
Al 204.00
Metallic fillers Au 345.00
Ag 450.00
Cu 483.00
ALO, 30.00
. SiC 30.00-270.00
Ceramic fillers AIN 200,00
BN 250.00-300.00
Graphite  100.00-400.00
Diamond 2 000.00
Carbonfillers 2 000.00-6 000.00

Graphene 4 800.00-5 300.00
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TCE—Thermal conductivity enhancement; d7/dt—Rate of change of temperature with respect to time
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Fig.4 (a) Thermal diffusivity and thermal conductivity of pure PVDF and PVDF composites; (b) Comparison of thermal conductivity enhancement
between pure PVDF and PVDF-based composites materials; (c) Infrared images of pure PVDF, PVDF/superfullerene (SF), PVDF/CNT and
PVDF/graphene sheets (GS) composites when heated; (d) Surface temperature of pure PVDF, PVDF/SF, PVDF/CNT and PVDF/GS composites
changes with time during heating and cooling; (€) Heat flux model of PVDF composites containing SF, CNT and GS!®
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Table 3 Thermal conductivity of PVDF composites prepared
by different fillers and molding process at room temperature

. . Thermal
Filling material . ..
Preparation technology  conductivity/
type -1 g1
(W-m™K")
Ag®! Solution blending 6.50
Zn! Solution blending 1.20
Zn@ZnO®  Solution blending 0.54
Al Melt blending 3.26
Ni®! Solution blending 1.13
sicll Masterbatch process 1.88
B-SiC!! Solution blending 1.82
BNl Electrostatic spinning 7.29
BNNSE! Electrostatic spinning ~ 18.33
h-BN©! Salt‘ template, thermal 1.47
curing process
CCB¥ Solution blending 0.44
CNT™! Melt blending 1.40
Graphene®™  Solvent casting 0.56
GnPs® Spray c.oatmg, thermal 12.00
annealing
MXene!® Solution blending 0.36

Notes: h-BN—Hexagonal boron nitride; CCB—Conducting
carbon black; GnPs—Graphene nanoplatelets.
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Fig.6 (a) Initial bar coating process of PVDF composites'®; (b) PVDF and graphene nanosheet films were cast by melt-compression solution

in an L-shaped kink tube"”; (c) Magnetic field oriented control of the orientation of magnetic CNT (mCNT) to improve its thermal conductivity
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Fig.7 (a) Thermal conductivity of PVDF/boron nitride nanosheets (BNNS) composites with different BNNS content; (b) Thermal conductivity of
BNNS@resin composites with different BNNS content; (c) Thermal conductivity of PVDF/BNNS and BNNS@resin/PVDF with different BNNS content;

(d) Construct the theoretical model of thermal conduction channel; (e) Heat transfer process of PVDF/BNNS composites

with different BNNS content was simulated!!!
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relationship between the thermal conductivity of Al/PVDF composites
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Fig. 10 (a) Thermal conduction path formed by the network bridging of SiC nanowires and BN nanosheets!™*"; (b) Thermal conductivity of PVDF

composite membranes loaded with different fillers'"*"; (c) Dispersion of fillers in PVDF/CNT and PVDF/CNT/graphene oxide (GO) composites
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