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Research progress on thermally conductive and electrically insulating polymer composites
MA Haitao, GAO Guoliang, ZHANG Junzhao, LI Feng, WEI Xiaofeng, MENG Kuang
(Jinan Senyuan Holdings Co., Ltd., Jinan 250011, China)

Abstract : In recent years, with the continuous improvement of voltage levels and transmission capacity in ultra-high voltage
transmission systems, the heat generated by internal losses has increased sharply, imposing higher demands on the comprehensive
performance of insulating materials. Therefore, there is an urgent need to develop new materials that combine high thermal conduc-
tivity with excellent insulation performance to ensure the thermal stability and reliability of ultra-high voltage transmission and trans-
formation equipment under long-term high-load operation. This article provides a systematic review of recent advances in thermal
conductive and insulating polymer matrix composites, with emphasis on their heat transfer and insulation mechanisms, key perfor-
mance influencing factors, and preparation methods. The mechanisms of intrinsic and filled types of composites are elaborated, and
the effects of polymer matrix, filler type, morphology, size, orientation, and surface modification on composite performance are thor-
oughly discussed. From the fabrication perspective, various technical strategies such as surface insulation modification, construction
of three-dimensional thermal pathways, and collaboration of multiple types of hybrid fillers are summarized. The review also points
out that the field still faces challenges, including high filler loading, poor stability of thermal networks, lack of standardized testing
protocols, and insufficient theoretical modeling. Future researches should be focused on the structural design of highly efficient ther-
mal networks and multi-performance optimization at low filler loadings, and enhanced theory-application collaboration toward engi-
neering innovation.
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Fig. 1 Schematic diagram of thermal conduction in polymers
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Tab.1 Thermal conductivity of common polymer matrices

Polymer matrix MW-m K™
PP 0.24
PE 0.16—0.24
PA 0.25
PC 0.20

PBT 0.29
PPS 0.30
EP 0.19
PEEK 0.25
PI 0.11
SI 0.15

Note: \ is thermal conductivity.

PARME SR B e SRR R . R
ASAY R AT ERE AT LS S AR fl v 20 L, DRt aT ]
W R . G N IR (PP) VR &0 (PE) 45 #4U8 138 FH Y8 L,
CEAE A AT S 0 L A P T 27 ol R 5 i T, e
TR AR TRL A H ke ORI S AT A 1 . (RAE S
PRI, B2 , ANE A m IRAVE R 5, Sl X
TREA B ZR Ty B T TR E Sk . TR
(PA) IR IR TR (PC) R XK R T R (PBT) . R A
fi (PPS) . SR i fik il (PEEK) 45 T.F2 ¥R} LA S RE B0

L, R AP | T R R R

IRE A AR TE P AL R 2R R BT SRk A4, FE Nk,
T RARTG | 23 & AEANTT 3 0 S8 Ak 25 N, 43T =22 1)
TE b4, e LA N = e R F 28540 . A4
(EP) . SR B i (PL) A HLEEARS B (SD) 5, BA — R 9 R Pk
fig. WELE , BB S P SUE L, AR A2
VA R A S S NI, EAG AT . gy, B
KRR e iR R R BB RS e o AR, MR B mirimg
s 5 X0 LA A P9 o5 ) B Ay e T S XA, A5 N B R
T AN I A NG . TR Il | ABhAS
JLf gl (AR I AR e S5 T AT AR P b A 3R, SEBUAA Y
S5y W, B A T AR BT AN S A TR 5 %) A
RPE SRR, T L 5 B A e A8 U B (T ) Fl g sk B
HITIRER s

REAR AR Sy M (0 SR A AU be S B PR AR A, AR AR S 1
fiif 7 AR 1 (—60~200 °C) A FARBUR A3-FIPE R K H 43
THERA R 2 AR R Y et S ] P i FE S ST
FEBATVZ o AN — Pl S A, AEAR e i T ik
PR R AL, FLECSARLSER A RBORAL, S AT
A TP AR TR FH B 5 i35
3.2 AR

H AT, S HAEORL 20 43y 4 2 AR IEOR) L S 3



i, 55 IR WA SRR BT R 225

HURFAI P 2 IRl = K

42 @8 28 P AIEDRMTAR NI ) I8 AR SE
FACSI BT T IRAR G W EE G MR G S, &
G4 IR EURHNAR A ER VB A AT F R D R R A A
PPERE s H LIS 48 (LM)IE A S B A A bk,
FEZ M H AR, T AR R & AR TR AR, F R
T S FAE R R 23 3 30 TR B, T REmE R 4 2%
PEBRART SR IR5 LR BRI . LA, 4 I SO} 48 P A
1R, Gy G kAR, R E R R s T ng N

WA BHE I ST 20 43, SRR O 5 1 S BRe 1 g
R IR T B T g8 W3 2 T2 At R Y S 34 88 100
IR, BT BT 9 R i, XS ORI RS 1 ) 2 sk
W EBER & . 8 LR AR, 40 A 55 (Gr) & RILA
(Dia) KA (CNT) B LF 2 (CF) AL 88075 (GN) A, SRR
S AL S T R BE A A R A Y SR A 2%
TMMs (1 3ARIEOR} ST AR SR AE Tl 32 80737 0P, 4R
T, R A B BT A v S BRI T AR R A 2%
Yo N

TCHLFE % Uk} 32 B o S IR Bl R ) ik i, DU
Dy REAR T 25 1 S5 BDRLE SR RAT 09 e S 4 2%
PRI LA B SEURE T 4 SR A L B AR R R A =
Z AW ALO, ZnO \MgO) AR | A2k PEAT , (H 23R
B PR, AEAE TR 2 g Y e (A AIN BN Si,N,) Al
A (U SiC) FIPERE T A LS, [N O R Ar a2k ik, /&

B — Y FURME TR AE AR RIFGE BT M S8 B 3 3
B — YRR RSO SRTE T N 7 Tl HAT R AR
TEAE BJ7 1) B PERERSS , B AR 2 B 5 25 16
SEPERT. AL, B UREZ A FE AN R 2T LA R 4 9 T A
FH. PR, BIF5E 2 SR P el 22 R sOREEA TR 20 T, LA
oy = 2 G PR AR , DT 5 B v 52 e 0 e A 5 A
At WFFERI, A A OR AN (L RE 26 20 HBCHR A |7 SR ]
SECBHET AR RS RN 2% BT R, i ] e R R ] fie

IR 538 B AL 2 A AR T PR W B S A OR
PERICR TR,

3.3 KRR T

SEORL I B2 e A W 526 MR AR 7 1 R T
RZ—o SRERYAME 2R AR 220, R R [R]
—RPRL, LRSS TS SRR S A 23 5 | ik
TR AR A, o, OB 4L B S5 T 400 T 7 A 1 5 e B
RO, AT S R SR i AR S P ) A HORE S AR
HAE AR DL R T a6 2, i R A E g
HMLEIEAZER BRI E A AR P BT RESR (it
ZRER TR S B B3 W ASEIEAR B R IR E A R
L S

N3 PR, SRR 7 AR IURL Z BT LARE LU BRIE JE0RL
A SO AR T TR, 2T BN R 4 i B X B

R2 ERSHERESHRRE

Tab.2 Thermal conductivities of common thermal conductive fillers

Filler type Filler MW-m"-K™")
Ag 450
Cu 483
Metal filler Al 204
Ni 158
LM 26.43
Gr 100-400
Dia 2 000
Carbon—based filler CNT 3 180-3 500
CF 8-70
GN 4 840-5 300
MgO 36
ZnO 60
. ALO, 20-29
Ceramic filler
BN 250-300
Si,N, 180
SiC 80—-120
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