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Fig. 2 Water spray images of A and B samples before & after ultraviolet irradiation
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Table 1 Hydrophobic classification and electrical properties of

A, B samples before and after ultraviolet radiation

g5 MKV G ABIHLFLER o, X 101/(Q + em)
A-0 h HC1 1.1
A-500 h HC2 1.1
A-1 000 h HC3 1.0
B-0 h HC1 4.3
B-500 h HC2 4.2
B-1 000 h HC2 3.7

F 1 rp Rl LA 0 2 ke 22 5 AN R K T
e ARSI T IR . f I8 1000 h 5 FREE HC3 4. B
A BN G0 TS G K PR e = HC2 . MR 48 Ty A7k A
i DL/T 3762010 M€ i HTV fk AR BB R 19 18 7K 1 45 A
BER L A RFZ 1000 h 7 HES ASREWE 5 AR 2K . B &I
AETH 2

[ p 4T AR B R SRR S R BURLBH R, R (D
THFER BB A o, 0 BRI 1,

_r S
oo =R D

o, S HHA KR (em®) , d HIRFEEE (em)

MFE TR L, NigkE AT S . B &R A
REHE KT A RHNKFE, KW BUE ., B 40RFE 1 AR B
YA, Hoh B R U 09 1A B e B 8 00 v/ R A
XA B, RIEE S 4T AR E DL/T 376—2010 %f HTV ff

PR A B B B, AR B BT AS FR G 0RE 1 4 B i B 3
L4 1000 h 55 REWE R AR FREOR .
2.2 FTIR MR ER KRS

{8 B 2% 0 21 A Sk 4% (Fourier transform infrared spec-
troscopy, FTIR)J& i i M 4 T ¥ 18 A%+ 95 [ o A7 48 B ot
AR R T 2R DN E LL AN . KRN RO L Ay BER L OKE
BRE T M B R, R

X AR BRAT S AL B ke FTIR 45 R LI IR 3 () Fi &
4C) 143 el A HTV GEAR R A FRAE 2050 ST 5 A4S, 3
2 WA B BIORIRR L 1 B RE AT LR 2.

2 HTVERE R SIE R E & H
Table 2 Reflection peaks and functional

groups of HTV silicooe rubber

3 AR ST S U8 R/ e HEEH
~800 Si—(CH3)»
1000~1 100 Si—O—Si
~1 260 Si—CHs
2 360~2 400 COOH 1y C—OH
2 960~2 962 CH; hiy C—H

ME 3O MO LIFHH, A ZRFRAFE 1 260 em™ ' 4k
Si—CH; fi%“&*ﬂ 800 CmﬂI}ﬁﬁ Si—(CH3), fi%m%gifg%
s SELIF R0 9 8 000 0 347 0 59 . U R AR DT W T RE AR R
S Si—C s IWE 3(D AT RAE H, 1 000~1 100 em ™' 4k
Si—O—Si Jz 4 i 58 & B 4 FE o 18] 19 38 n 55 80 55 )5 1 L 4
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Fig. 3 FTIR spectra of A samples before & after ultraviolet irradiation
(a); Full spectra; (b): Si—CHj peak; (¢): Si(CHj3);, peak; (d): Si—O—Si peak
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Fig. 4 FTIR spectra of B samples before & after ultraviolet irradiation
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Fig. 6 The molecular structure of methyl vinyl silicon rubber

SEM images (upper) and EDS patterns of A samples without (a) and with (b) ultraviolet irradiation
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Table 3 Average band energy of typical chemical

band of methyl vinyl silicon rubber

b2 5 BERE/ (k] « mol™ )
Si—O 447
Si—C 318
Cc—C 345
C=C 615
C—H 413
O—H 463

ROOR === 2RO-

CH; CHy
—%—&— —%—&—

b +RO- = THZ +RO
CHy —CH,
—é—&— —é—&—
CP|1=CH2 éHs

B 7 HTVEBRRKS Fi#EHREREK

Fig. 7 Vulcanization reaction of HTV silicone rubber chain
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| I
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Fig. 8 Aging chemical reactions of HTV silicone rubber
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Aging Mechanism Analysis of High Temperature Vulcanization Silicone
Rubber Irradiated by Ultraviolet Radiation Based on Infrared Spectra

LI Jing-jing"?, ZHANG Hui-hui', LI Guo-fang', ZHANG Shan-gang®, LIU Yan', DONG Kun', ZU En-dong', YU Lan"’
1. Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China
2. Faculty of Gemstone and Material Technology, Hebei GEO University, Shijiazhuang 050031, China

3. Nanjing Electric (Group) Co. Ltd., Nanjing 210046, China

Abstract High temperature vulcanized (HTV) silicone rubber composite insulators are widely used in UHV transmission lines,
and more and more attention has been paid to their ultraviolet aging resistance. In this paper, the samples of high temperature
vulcanized silicone rubber come from two manufacturers, and the testing instrument is a self-designed adjustable ultraviolet aging
test chamber, with 320~750 nm ultraviolet radiation as experiment condition. Then aging test by ultraviolet radiation (0, 500,
1 000 h) was carried out. Fourier transform attenuated total reflection infrared spectroscopy (ATR-FTIR) was used to analyze
the relationship between the change of spectral peak and the functional group of sample (surface) before and after radiation,
which was supplemented by SEM, hydrophobicity and volume resistivity measurement. Thus the aging mechanism of HTV sili-
cone rubber was studied. The results showed that with the increase of ultraviolet radiation time. the reflection peak intensity of
HTYV silicone rubber side chain Si—CHj and Si— (CH;); decreases, and the main chain Si—0O—Si reflection peak intensity in-
creases, the hydrophobicity decreases clearly, and the volume resistivity decreases slightly. Scanning electron microscope (SEM)
showed that large particles and potholes appear on the surface of the irradiated, and the weight percentage of Al, O, Si increa-
ses. The results showed that ultraviolet light cut off the part of Si—C bond of HTV silicone rubber and removed the nonpolar
methyl group from the main chain of Si—0O—Si, which weakened the shielding effect on the strong polarity of the main chain.
The exposed free radical —Si » was further oxidized and crosslinked, which enhanced the binding of Si——O-—Si, enhanced the
polarity of molecular chains, and decreased the hydrophobicity. The decrease of hydrophobicity made HTV silicone rubber easy
to absorb water in the air, and the weak ionization of water itsell increased the carrier concentration, resulting in a slight de-

crease in volume resistivity. According to the infrared spectrum analysis, the following conclusions were drawn: ultraviolet ray
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accelerated the aging of high temperature vulcanized silicone rubber by cutting off the functional groups on the surface of high
temperature vulcanized silicone rubber; The application of infrared spectroscopy is of great significance to the study of aging of

silicone rubber composite insulators at high temperature and its application in UHV transmission lines.

Keywords High temperature vulcanization silicone rubber; Ultraviolet radiation accelerated aging; Fourier transform infrared

spectroscopy; Scanning electron microscope; Hydrophobicity; Volume resistivity
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