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Fig. 1 Morphology of (a) h-BN (5 pm), (b) h-BN (30 pm) and (¢) Cu powders.
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Tab. 1 HDPE/Cu/h-BN composites with a total filler volume
fraction of 30%

Sample ID o(h-BN) /% o(Cu) /% @(HDPE)/%
1 75 225 70
2 10 20 70
3 15 15 70
4 20 10 70
5 225 75 70
6 30 0 70
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Fig. 2 Thermal conductivity of HDPE/Cu/h-BN composites
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Fig. 3 Schematic illustration of thermal conductive pathways by hy-
brid loading of h-BN and Cu powders
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Fig. 4 SEM images of composites with different volume fractions of h-BN/Cu
(a): Cu 30%; (b): h-BNjy 7.5%/Cu 22.5%; (c, h): h-BN3, 15%/Cu 15% at different magnifications; (d): h-BNs, 30%; (e): h-BNys 7.5%/Cu
22.5%; (f, 1): h-BNgs 15%/Cu 15% at different magnifications; (g): h-BNgs 30%

LR R AR KR (L Fig2) . BEAh, 5 um
h-BN ;v Fr & SRR 7 (1 8 &= 5 2, 2 h-BN AH X5
R, HAE HDPE &2 & 84 k4 5 58 5 $4 32 7 ik
FHGEEE . [FI,h-BN R 2415 1, 2 5 HDPE
) F T AR ELAE F 55 5 #0 HDPE %5 e 12 3 K 12 1)
h-BN, [A| I 7F 30 um h-BN 3 78 [ HDPE & & # kL 4
B 5 A T R, U0 Fig.5(a), iX 2 G R
X F 5 um h-BN3E 7R RFE ) — AN EEF A .
2.2 HDPE/Cu/h-BN £ & # RIIEN7AS R M AE
Fig.6(a) M Fig.6(c) v & & 14 2 19 2 2 H (%)
i (o) R RE . RS VEH  , 24 HDPE
1 HDPE/Cu/h-BN & & 14 F 35 J& 7~ t A [7] B A 284K
st . H4s BT 40, 4 HDPE 7E A5 X B (0.01~0.05
Hz) BRI &, 3 B0 4 95 10 400 R AR g
HDPE/Cu/h-BN & & 44 2 I 7 AR A X B 5 90 B 5

V) 1B IR . AW RRARAT A 5 T4
HDPE [ AR 45 14 , 28 0 H 2R s [ A4 (1) A8 47 8
1X 5 h-BN/Cu & & HREMAE 2 o % 1) TEH LR 1 4%
GERA R

h-BN i 2 RS R E s E SR RE . 4
h-BN & 28K, 30 um 19 h-BN B A5 B & (15 5724
N, 5403 Cu ki ¥ A0 BBl M 78 2 A A R
FRE 5 3 I ER N 4% 2546 TEAN JIVE R i 45 485
78 BRI ;10 7 Fr 42 h-BN A7 T Cu Bi 4] [ HDPE
FEAR P, KL [A)AH TR /N o B 52 G M B h-
BN & & K0 (7(h-BN)/V(Cu)>1) ,h-BN,s/Cu B &
& R MR B S48 0, 1X Ui B /) 48 h-BN 7£ HDPE
AR TR T SN AR 4 L B S 3 (K EE R 48 5 4

Fig.6(b) # Fig.6(d)% ] , HDPE/Cw/h-BN & & #4
EHP) G'5 4l HDPE R 3 H A [R] A AR R34 , h-BN/Cu



Fig. 5 SEM images of the composite with the h-BN volume fraction of 30% of
(a): 30 um; (b): 5 um
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Fig. 6 Complex viscosity (7*) of (a) HDPE/Cu/h-BNj;, and (c) HDPE/Cu/h-BN,s composites; elastic modulus (G") of (b) HDPE/Cu/h-

BN and (d) HDPE/Cu/h-BN,s composites
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Fig. 7 (a) Storage modulus (E’), (b) loss modulus (E'') and (c) loss factor (tand) of HDPE/Cu/h-BN;, composites; (d) E', (e) E'' and

tano of HDPE/Cu/h-BN,s composites
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Fig. 8 Volume resistivity of HDPE/Cu/h-BN composites
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Preparation and Properties of Thermally Conductive Electrically Insulative

High Density Polyethylene-Based Composites

Guanchun Wang', Yao Li*, Jixiang Li*, Shengtai Zhou®, Mei Liang’, Huawei Zou®, Shaoyu Qiu'
(1. Science and Technology on Reactor Fuel and Materials Laboratory, Nuclear Power Institute of China,
Chengdu 610041, China; 2. State Key Laboratory of Polymer Materials Engineering, Polymer Research Institute
of Sichuan University, Chengdu 610065, China)

ABSTRACT: A combination of layered insulating hexagonal boron nitride (h- BN) and highly thermally
conductive copper powder (Cu) was employed as fillers to enhance the thermal conductivity of high- density
polyethylene (HDPE). The overall volume fraction of thermal conductive fillers was controlled at 30%, and the
construction of thermal conduction pathways in the composite material was achieved by varying the blending ratio
of h-BN and Cu powder in HDPE. Scanning electron microscopy results demonstrate that h-BN acts as bridge by
entering the HDPE matrix unoccupied by Cu powder. h-BN facilitates the formation and construction of internal
thermal conduction networks in HDPE by connecting surrounding Cu powder particles. Thermal conductivity
results from HotDisk test indicate that as the h-BN/Cu volume ratio increases, the thermal conductivity coefficient
of HDPE composite materials also increases. When V(h-BN):/(Cu)<l1, the thermal conductivity of the large-sized
h-BN;,/Cu system is higher than that of the small-sized h-BN,s/Cu modified system; conversely, when V(h-BN):V
(Cu) > 1, the contribution of small-sized h- BNy to the thermal conductivity of the composite system is more
pronounced compared to the large-sized h-BNs,. By controlling the content of h-BN and Cu, an increase in the
thermal conductivity coefficient of composite materials is achieved while suppressing the formation of conductive
networks, offering a new solution for the design of thermally conductive insulation materials.

Keywords: high-density polyethylene; boron nitride; copper particles; thermal conductive network; synergistic
effect



