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DC Electrical Properties and Trap Mechanism of Silane-grafted Polypropylene

PENG Xiangyang!, YAO Chi?, YU Xin', HU Shixun?, FAN Yazhou!, HE Jinliang?

(1. Guangdong Key Laboratory of Electric Power Equipment Reliability, Electric Power Research Institute of Guangdong Power Grid

Co., Ltd., Guangzhou 510080, China; 2. Department of Electrical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: In order to study the electrical properties of grafted polypropylene (PP) which can be used as recyclable DC
cable insulation and its regulation mechanism, the polypropylene grafted by vinyltriethoxysilane (VTES) was prepared.
The breakdown strength, DC resistivity under room and high temperatures, and the related trap characteristics and mech-
anism were tested and analyzed. The experimental results show that, for the silane-grafted PP, the electrical resistivity is
enhanced by 2~3 times at most under the working electric field of the cable insulation layer, and under the two tempera-
ture conditions of 30 'C and 90 “C. The breakdown strength can be enhanced by nearly 10% compared with pure PP,
and the space charge accumulation is significantly suppressed. Grafted silane can introduce a large number of deep traps
into the material. The simulation results show that grafted silane can introduce deep electron trap levels and deep electro-
static potential wells into the material. Traps and potential wells can capture free carriers and affect the charge transport
process, thus achieving an increase in resistivity. The work in this paper can provide some references for the subsequent

research and development of grafted polypropylene DC cable insulation materials.

Key words: HVDC cable; polypropylene; grafting modification; silane; DC resistivity; trap level; potential well
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Fig.2 Schematic diagram of VTES grafting reaction
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Table 1 Grafting rate and grafting efficiency of VTES grafting
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Fig.3 FT-IR absorption spectra of VTES grafting
modified PP

XA 5t 3 T $ A VTES JE [ k4 Si—O
HIRAa IR, R AT CAUERH VTES A sl oh 4 2
T PP oyTHE L.
2.2 R PP OSSR RAE

BRI S PP 1) SEM OMLESan & 4 Brvs . A
B 4 nf LR RT S PP (SR ST W AR,
R Ja MR T A RE A B T — S /N ks (AL
[ Pl B ¥ ) o K RSO — J7 T ] Be A2 #5645 (1) VTES T
A KB EUR A B R FE, BT R RN
IRAE S SRR R 2 Ny B R BRI Y . X
Pl /INURL I RS AL T 4K 00, Ree 5 RS R %
K BRI, WX TSR BEBE A A
ESRE AN Al

FERCHT S PP IS a3 & 5 Firs . fE41 PP
Hh ] WS B S T S B A ER SR IR, BR RS
Ko (HIEAL VTES J&, -/~ POM 4 K AL E4F
R, BRSSO, XE LUV SR B SE R BR
TEAR, BRI AR M AN . X R,
VTES J{EA BRI RSN, RIS, 255
AN5eds, SRR . ZINE A LUARET VTES
FERCRE A B BRI RR (G B 1A S5 K TR«
FE8% VTES MU T PP WISCEEIGAR R, {8143 PP
o TR E AR, mH B AR



4484 i LR AR

2023, 49(11)

(b) PP-g-VTES
K4 380 VTES HilJm PP 4 i 1 S B 30
Fig.4 SEM microscopic morphology of PP before and after
grafting VTES
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Fig.5 Crystallization morphology of PP before and after

grafting VTES by POM
E=
PP-g-VTES J\
PP
0 I SIO I 1(I)O I 1;0 I 2(I)0
i /T
(a) &t 2
E=
PP-g-VTES ™ r
PP ~ ’
0 I SIO I l(I)O I 130 I 2(I)0
i/ C
(b) 1 R 72

K6 2k VTES fijj5 PP ) DSC fh2k
Fig.6 DSC curves of VTES-grafted PP and pure PP
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Table 2 Thermal parameters of VTES grafting modified PP
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Fig.7 DC breakdown strength of PP before and after grafting
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