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Study on Crosslinking Modification of Silicone Rubber to Enhance the
Insulation Performance of Vegetable Oil-impregnated Capacitors

Ting-yan Wang", Qing-dan Huang, Yu-qing Chen, Yi-da Li, Hao-yong Song
(Guangzhou Power Supply Bureau, Guangdong Power Grid Co., Ltd., CSG, Guangdong 510410)

Abstract Oil-immersed capacitors are core equipment underpinning the stable operation of power systems, and
silicone rubber (SiR) serves as a critical sealing material to ensure the reliable service of capacitors, which requires
the simultaneous integration of excellent vegetable-based insulating oil resistance, insulation performance, and
mechanical properties. In this study, 2-phenylacrylonitrile (a-PAN) with electron-scattering functionality was
employed to crosslink and modify SiR. The effect of modifier addition ratio on the oil resistance of SiR in
vegetable-based insulating oil was investigated. Further, the regulatory laws governing the influence of
temperature conditions and modifier mass fraction on the crosslinking density and insulation performance of the
composite dielectric were analyzed. Combined with molecular dynamics simulations, the mechanism by which «
-PAN enhanced the performance of SiR was elucidated from the perspective of microstructure. Results indicated
that the oil resistance of modified SiR in vegetable-based insulating oil was significantly improved; compared with
pure SiR, the static contact angle of 0.7 wt% a-PAN/SiR increased by 4.66%. The AC breakdown strength first
increased and then decreased with the increase of modification ratio, reaching a maximum value of 72.2 kV/mm at
0.5 wt%, and the breakdown performance of the composite dielectric decreased with the increase of temperature.
Mechanical properties also improved with the increase of modification ratio, but slightly decreased after oil
immersion. Theoretical calculations and trap characterization revealed that the introduction of a-PAN increased the
distribution of deep traps inside the material, and the polar groups exerted the function of scattering electrons.
Meanwhile, the increased crosslinking density reduced the free volume, thereby enhancing the electrical resistance
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performance of the material.

Keywords Oil-immersed capacitor; Sealing material; Silicone rubber; Crosslinking modification; Insulating

properties

SIA: EIHE, BT, BRI, 2RIk, KiK. A4 S f 25 an AR R S R AR T e MEREIF ST . =

2 54k, doi: 10.11777/1.issn1000-3304.2026.26169.

Citation: Wang, T. Y.; Huang, Q. D.; Chen, Y. Q.; Li, Y. D.; Song, H. Y. Study on crosslinking modification of
silicone rubber to enhance the insulation performance of vegetable oil-impregnated capacitors. Acta Polymerica
Sinica (in Chinese), doi: 10.11777/j.issn1000-3304.2026.26169.

MR RGIILRKRE, BAESERT
ARG EZEMARA T, ER RGP HEAE LA
fEAIh 2 AR IR B ORBEAE A, HLnT SEdExs T84
HLJ) R G 15 22 A e Mg AT 2B o0 B 204 iR X
LA A AL A R D SIS, MR A E
—REEREARRA, Ak, KR, KE
RN, R A A S T AT T i
A1 i TR S A AR AR AT IR P R A R
MEAT T, Xmtxt A g TS EdR TR i
EOR.

FEM IR 2 L 7 A T i ) 22 Rl B e i v, 8
HH A A — R 5| o Al i e 1) 2 B ] LA AR A
TAEE R, — HE R, e flifmgas
BT R R, RSN N A A AR, T
SR RA NI R, A R EORR AR
MR, RN, SAURIREN S0 A ER 4 2 i
FIRAGEZAL, RIRHNR A A S A A, I AR™
HEFH T HIIRG R FEVET) B RS AR A
BT MR R A DR B G, Horh, JREEN
LA AR S AN E R R, X A SIS AT I T
FEVE R EEARR] . 2558 B A A 4% 0 L B AN
BB R R SR Ve, S R AR B AL 2
Tl BE R . 48 25 1 e BEORO% B B AL 2 B AL 1)
IR IEARMEBAZ L HIVEREE R . iR A AR S L
TR RE R TOUN, #EEZAMME R S5 5
PRI, N2 ENTERGHMVE, &
EEmAINTE. BGM . INFER. EEEEAR S
RIS, XA I XA AR AR A AT S ™ 5,
Gy RAETSCRIL R . RIE S B G AL s B 5P RE
REAR S F 4] P2 8 N AR A6 TR, TR T+
NHEESRISAT AN IR, BEBEMRE T
LORIE REFAINUMIERE, X2y A S E T
R R AR, 1A HAR AR K KNI /75 ik
bb, IBATIERE, WA AR ARt X A
Gt ERINUME 7, BRI, EEORAIE AR )

P, BB LG RRL R R LR M el
BRULLAAL, TR #E A RE AN Joh P th e S e e 5
EHENEEMEREZ — R AR BT IR
R, MitERE RN TR IEA, A BiFes
FORWIE I, SRR SIS 2 R W 0214, AN
P RBITAT SR R T 2 5 25 B A A R AR B ) 1 B i
FAR KRN, 1T vy R 48 253 (K IR vt 2 (3
UGIRLR AR AR RE S b, R, EEAE%M
B EARAE AL K R A K 28 IR I 44 TR
IHORFF R A2 SHUMMERE, T ARIE LR 28 K
WHEAT R 0S8,

FERR B (SIR) MR A et g ik . it K
g PERe, B2 N TR AR B AT
/R HR09200 SRTT,  BEE L R S A W
TN E A S 2 B AL GE i 1 R AR TS 446 2
FEAR, IR SR REAR R A A T e FE T S v )
KON, AHE SR T P AR R PR T IR X
FLZ i 2 B A DR ik, A LA U T T
RE F) 2- 2 5 T 95 5 (a-PAN) KT AR B M RE 3R 47 52 BB
o, AR T SOt S AR AS [R5
RE, HUBRE AR DL R 5 R SR e 48 i 1) % s B b A
TR T 7RI 70— BRI 18] 5 R AR SR e ) 45 T00 1 g
AL DA S KR S RS AR kb T 2SR
SNSRI R PR RR BB, R4S
DT ENSIE B SMEEERAE, RIS
WA RHYOW 2 T 25 A6 AR 10 5 5 W1 R o5 TR O BE &R
MR RS O ] SRR R A A
R T S% .

1 SLIGERS

1.1 H&EEE

A FE AR AR I X4 43 SiR K H FL
(R E)VE R AT . SiR 2 AN A Ao A
FE W O A, 4B EE
H 20 B ek v A A SRR T ARk . L A I B S N



WS T

Ak 3

POWERSIL 745-LG-7046-A-CN, 1% BRI 5 A
POWERSIL 745-LG-7046-B-CN; &t 71 Ay 2- 7K &
WIAE(0-PAN), 41 97%, WT S5 )ik A
A BRAF] . a-PAN 4622458 X B 1(a) s

-5.3x1072 (kcal/mol)

-' [ ]
'’ \
e 27
N » 2@ | |
AN s I 2
N o 5
LT

5.3x1072 (kcal/mol)

Fig. 1 (a) Chemical structural formula of «-PAN; (b) ESP
distribution of a-PAN.
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Fig. 2 (a) Reaction mechanism; (b) FTIR spectra of different samples; (c¢) FTIR spectra in the range of 1500-2000 cm™!; (d) FTIR

spectra in the range of 1750-2500 cm™.
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