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Study on influence of conductive carbon black dispersion on interfacial
characteristics of shielding layer-insulation layer for high voltage cable

HE Wen', HOU Shuai’, ZHAN Yunpeng’, LI Zhuojia', HUANG Gang', FU Mingli’

(1. Dongguan Power Supply Bureau, Guangdong Power Grid, Dongguan 523120, China;
2. Electric Power Research Institute of China Southern Power Grid, Guangzhou 510663, China)

Abstract: The interfacial characteristic between the shielding layer and insulation layer is a key factor determining the
service life and operational reliability of the high-voltage cables. This study focused on the regulation of the dispersion of
conductive carbon black (CB), and investigated the impact of interfacial characteristics between the shielding layer and
cross-linked polyethylene (XLPE) insulation layer. The semi-conductive shielding materials with two different formulations
were prepared, and an imported semi-conductive shielding material was selected as a comparison sample, then the
mechanical, thermal, and electrical compatibility between the shielding materials and insulation layer were comprehensively
evaluated. The results show that the introduction of polymer dispersant polyvinylpyrrolidone (PVP) into the matrix resin
significantly improves the dispersibility of CB. The mechanical compatibility between the shielding layer and insulation
layer is predominantly influenced by crosslinking, and an optimal crosslinking compatibility can enhance the interfacial
adhesion and prevent delamination. The PVP-modified shielding layers exhibit better thermal compatibility with the
insulation layer in terms of the coefficient of thermal expansion, and show superior thermal conductivity compared to the
imported shielding material. Furthermore, the improved CB dispersion optimizes electrical compatibility between shielding
layer and insulation layer, elevating the AC electrical strength at the shield-insulation interface.
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shielding-insulation composite sample
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Fig.2 Cross-sectional SEM images of shielding materials
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Fig.4 The peeling tests of shielding-insulation interface

FELRR LG, iz -HE R4 G T
5 55 = B HOER T B g J= A28 2% ) 18] () S A O
PR 27 3" B iRk 4R M T 5 XLPE 28 G RH A [R] 9 A2
SRR 5 AE B HR I SR AR () £ S BBk I TR A
P LANG 5 1 — 3% 5 XLPE (U AZBRIUL RO, 38 & 1 ¢
=45 2 i S5 5 )1 . T 17 BE #iORAT XLPE
RIS R IL R PR 52 89 , 3 BB R -4 5 5 B & ke
HI B2 EIAR

MG S A 4 2R AT AR I, B g S
() = 5 i D 3K S K AR CB 20 Bl X B 3R W
F ) S AT DL S BRAT Y AR



68 A2 R

23 AFILEM
23.1 MK ERE

Bl 2 5 4% 2 M A K PERE DL IC &2 00 B 22,
B 5 4 2% 2 2 A0 FAE K 3 B 2 A K B R
JEE A5 A, 1 7 35 2 A P L 45 v TR AR i I AT IR S B TR
F. UMW E N RZIK R 52 8 B B BE IR AR
s HAE R, 4% 2 S5 R RZH G R HE N
Mo R AR VT A, AT DL S HE 808 47 I 2 Hh TR 4
KV 45 5 30T ZE 5 4 2 2 00 B B A, A B T R
DA F AT 30 5] S PR AR AR I 7, 33 17 92D JFE o v 2 2
P TE

P 5(a) & XLPE 4425 k1F1 3 Fh B5E ik} ) #40 ik
REEE A . NE 5@ LEH, iR
& E TR, XLPE F1 57 iRk i #4052 ik 2R 25085 b6 T
JEE T v T 386 K 3 U Tk P 0 o A 1) Sl o A )
A Fe TG oy T B2 B BE T IR B . 2 T R IR
i SO I A RUR, K R BT IR IE 8T X
2 BT T AORE Y 43 1 B B Bk B AN
R, A RECE R — B K. XLPE 414 )2
PEARIR DX 1) A2 K 22 5052 18 FE 52 i e/ ARLAE i
NI K ZECS R BT B TR RE . X T
XLPE H & B 2 (1 & Al , 75 5 A8 5% 3E & A i
TR T B K RN A2 R, B 2
H ) CB A N # I I & B AR I T HLA R, FE 2R 1%
JOTRE v R, HAEIE 7R 5 22 5 ARl 70 7 4
gk, WMTE— &R L BEAS T B w2 1 # ke

5(b)~(c)43 73 XLPE 4 2% FL A1 3 Bl 57 ik} )
FRT T A2 26 B 35 B 1 A8 b B 35 K 90°C T 1 A Xt T
A . B S(b)AT LAE Y, 1 BF Rk R A X 7 A8 2
/S s R I RS AR e M, 2780 37 5 ORL A AR
Xof T AR R BEAAR /N T 175 270 3% B ORE AR A X T AR
AN — E AE 2 I T i 22 80°C R, 341
FHRT AR RO BN T 27, I 5(c) Tl LLE Y, 76 H
B B AT IR E (90 C D T, 3% BE Rk (1 A X} T
ARG VA Y, R AR IR T AR R AR 2
BAK. 4546 B S@) T, 17,27 3" F1 XLPE (1) #i ik
ZH00) BIALE 88.88.96. 106 °C I} ik I WA , [K] 1k 37 ¢
W} PR K 7 B8 B 23 XLPE 4845 K}

M B S(e)v] LAE H, 3 & I 45 0E AT IR
(90°C PR AR X AR 2 5 1 4H Y K T 2%, &5 & B
5()7r Tl 15, 3* B A SR Hbh IR B AR i A
XLPE B 4% . B T s, 3T ik R 208
TR 0T 2% , #4222 K000 O A U P R AR R A v
F W 3TE A 1 g - 5 XLPE BN ILEC, A Bh T

2025,58(7)
200

----- XLPE

.......... 1% N
~150F =772
M 3
s
X
ﬁloo
W&
K
B
# 50f i

WA/ C
(a) A R 2L
15

o 0 % 80 700 120
i/ C
(b) XA A
15
12t
w9t
En\i\( 6.7 7.1
7 .
= 6
&)
& 3.1
3F vm i
0 I ' L 1
XLPE 17 > +
W
(¢) 90°C FHARXT AL %
[Bl5 HuiFn/F ol i R BRI RE

Fig.5 Thermal expansion properties of insulation and
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shielding specimens
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Fig.9 AC electric strength of the samples
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Fig.10 Morphology of the shielding-insulation interface
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