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Analysis on Ageing Mechanism of Silicone Rubber based on
Time-of-flight Secondary Ion Mass Spectrometry
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Abstract: In order to study the ageing process of composite insulator silicone rubber in the hot and humid climate
in the southern region, we conducted 300 h, 500 h, and 1 000 h salt spray ageing tests on silicone rubber in the
laboratory. The concentration of small molecule groups on the surface of silicone rubber with different degrees was
detected by time-of-flight secondary ion mass spectrometry (TOF-SIMS), and the ageing mechanism was analyzed
combing the hydrophobicity and scanning electron microscope test results. The results show that Si*, C,H;",
SiCH;", SiC;H,", H, CH, O, and OH were detected on the surface of silicone rubber. The hydrophobicity of
silicone rubber is positively correlated with the content of small alkyl molecules. The content of small alkyl
molecules on the surface of silicone rubber is consumed by drip washing of salt spray, which lead to the decrease
of hydrophobicity. In the salt spray atmosphere, oxidation and hydrolysis reactions are reacted on the surface of
silicone rubber, which results in the broken of Si—O and Si—C bonds, and Si—-OH bonds are formed. The
hydroxylation lead to the collapse of silicone rubber three-dimensional network structure and the decrease of
polymerization degree. The gases such as H, and CH,, generated by the ageing reaction, would form voids on the
surface of silicone rubber, which would cause powders and cracks on the surface of silicone rubber.

Key words: composite insulator; silicone rubber; time-of-flight secondary ion mass spectrometry (TOF-SIMS);
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Fig.3 Positive ion mass spectrometry of silicone rubber

after salt spray ageing
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Fig.4 Negative ion mass spectrometry of silicone rubber

after salt spray ageing
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Tab.1 Statistics of mass spectrum peaks of silicone rubber

before and after salt spray ageing

H AL /h
R R
0 300 500 1000
H 13 873 11 280 10 554 18 250
CH," 8093 6443 7663 8739
Na* 757 2408 1919 540
Al 2 680 3417 3285 3532
Si* 102 725 80 876 48 647 101 261
C,H, 33679 22984 19 744 32 104
SiCH," 66 851 48 036 52 004 56 228
SiC,H," 5158 3663 5182 4662
OSiCH,* 6781 5472 8519 7988
SiC,H,’ 70 659 48 479 88 136 77 496
H 815291 1309289 1901940 1731096
c 23309 32585 34427 25300
CH 77 429 108 863 118 751 84291
CH, 22732 33401 36 781 22 161
o 217 401 295 111 335343 297 868
OH 103 631 146 814 159 046 125 246
C,H 27333 44053 47567 31456
co 12 907 17 242 15517 10 447
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Fig.5 Variation curve of mass spectrum peak height of

silicone rubber ion with ageing time
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Fig.6 Hydrophobicity photograph of silicone rubber with

different ageing time
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Fig.7 SEM images of silicone rubber section
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