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Effect of silica/alumina filling on accelerated ageing of room-temperature
vulcanized silicone rubber coatings

DONG Deyang, LU Hang, WEN Bo, HAN Ruihui, XU Chao, YANG lJizheng
(State Grid Heilongjiang Electric Power Co., Ltd. Electric power Research Institute, Harbin 150000, China)

Abstract: Room temperature vulcanized silicone rubber (RTV-SiR) is an important polymer coating material for high
voltage insulators. The ageing behavior of RTV-SiR under long-term exposure to environmental stimuli is an essential
consideration for its field applications. In this study, composite coatings were prepared by incorporating nanometer-scale
silicon dioxide (SiO,) and aluminum trihydrate (ATH) into RTV-SiR. Then the composite coating samples were conducted
accelerated ageing for 9 000 h, and their micro-morphology, hydrophobicity class (HC), leakage current, Fourier transform
infrared spectroscopy (FTIR), electrical strength, and mechanical strength were tested to investigate the ageing
characteristics of SiO,/ATH-filled RTV-SiR. The results show that the addition of SiO, and ATH fillers to RTV-SiR enhances
the anti-degradation capability and environmental stress resistance of the composite coatings during ageing, preserving the
samples' hydrophobicity. After ageing, compared with RTV-SiR, the composite samples exhibit a relatively smaller increase
in leakage current and maintain higher electrical strength. According to FTIR analysis, the loss rates of several important
absorption peak intensities of RTV-SiR are higher during ageing, and almost none of them can be restored, whereas those of
the samples filled with SiO,/ATH demonstrate a loss-recovery characteristics. Additionally, compared with RTV-SiR, the
SiO,/ATH-filled samples exhibit significantly lower reductions in tensile strength, elongation at break, and hardness after
ageing treatment, indicating superior ageing resistance.

Key words: silica; alumina; room temperature vulcanized silicone rubber; coating; accelerated ageing
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Fig.1 Microstructure of samples before and after ageing
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Fig.5 FTIR spectra of S2 before and after ageing
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Table 1 Change of some important absorption peak intensity of S2 with ageing time during the whole ageing period

o R g 35
Wk S
0Oh 936 h 20l16h 2952h 4032h 4968h 6048h 6984h 8064h 9000h

3700~3 200 cm'l(O—H) 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
2963~2 850 cm’](C—H) 0.095 0.08 0.079 0.075 0.075 0.074 0.072 0.077 0.079 0.080
1440~1410 cm'l(Si—CH3 ) CH,) 0.030 0.030 0.030 0.030 0.029 0.028 0.023 0.024 0.024 0.025
1280~1 250 cm"(Si*CHS) 0.34 0.32 0.31 0.30 0.30 0.30 0.29 0.32 0.33 0.33
1130~1 000 cm"(Si*O*Si) 1.04 1.00 0.99 0.98 0.98 0.99 0.98 1.05 1.09 1.12

870~850 cm™(O-Si(CH,), 1 Si-0O) 0.22 0.20 0.19 0.18 0.17 0.17 0.17 0.18 0.18 0.19
840~780 cm™(O-Si(CH,),~O * ] Si-0) 1.12 1.10 1.09 1.07 1.07 1.07 1.06 1.11 1.12 1.20

700~600 Cm'l(Si*(CH3)3 1) Si-) 0.34 0.30 0.28 0.26 0.25 0.25 0.25 0.27 0.27 0.28
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Fig. 6 FTIR spectra of SO before and after ageing
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Table 2 Change of some important absorption peak intensity of SO with ageing time during the whole ageing period

—— W 3
0h 936h  2016h 2952h 4032h 4968h 6048h 6984 h 8064h 9000h
2963~2 850 cm"(C—H) 0.095 0.092 0.090 0.087 0.085 0.080 0.070 0.073 0.070 0.065
1440~1410 cm"(Si—CH3 i CH,) 0.030 0.027 0.020 0.017 0.010 0.010 0 0 0 0
1280~1 250 cm"(Si - CH,) 0.37 0.35 0.35 0.35 0.34 0.31 0.25 0.26 0.26 0.25
1 130~1 000 cm"(Si—O—Si) 1.28 1.27 1.10 1.10 1.07 1.05 0.99 0.98 0.97 0.96
870~850 cm"(O*Si(CH3)3 ek} Si-0) 0.20 0.20 0.20 0.20 0.20 0.19 0.14 0.16 0.15 0.15
840~780 cm“(O*Si(CHs)sz 1) Si-0) 1.36 1.35 1.35 1.34 1.3 1.27 1.07 1.08 1.06 1.02
2.6 JIFMEESIT N 4 320 kPa, 511 SiO, A1 ATH 3 £} 5 , S2.54.S6

FE S 2 AR S5 1 Rz A 5 B | 7 S K SR g i (41 7 A 5 BF 49 1) 38 hn 3] 4 420.4 6304 840 kPa, i
WK 3 Frx. MK IATLUE H, ZALHT, SO [ hi H 5% Y Si0, A1 ATH SE R} AR 8 0 AT DAHE 2y A4 R} iz e 5
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Table 3 Tensile strength, elongation at break, and hardness of
samples before and after ageing

ZALHT XA
FEb BomEn  BTAME ABERA RifdER BIRME O HERA
fE/kPa  KE/% R E/kPa KA/% R
SO 4320 380 65 2430 242 53
S2 4420 278 72 3755 259 65
S4 4630 329 73 3828 287 67
S6 4840 342 75 3989 276 68

RE VW R A K F 2 2 12 ECK T
PR B 2 R AR AR A . T R R Ry, 3R AR
st ng . MR 3T LUE H L 22 A0 R, SO 1 W 22 {if
KA 380% , N AN Si0, 1 ATH HUBHS , il ) i 5
KRB 2 PEAK . TEAL 5, B FF i 1 i 2
R AR FEE I BRAK . o S2 1 7 2 if K S
ZAHT T AR R, TR T 6.8%, 1M SO [ I 244
RECEACHT TR Z , T 1 36.3%. SO K
K 22 KR B A ] fig 2 R D & AT kAR T B8 A
J5E 1) SR 5 0 e T 2 D BRI R SR IR B R PRI
T8 I Si0, Al ATH SR , B4 5 90/ R0K SR
SRR T SR AR RIS B, I 4ERE TR 1)
TR
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B i 2 I H B8 07 IR e A BB 77, S et R S A v 1
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3 #ig
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