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Fig.1

Stress—strain curves of new and ultraviolet irradiated samples for 500 h and 1000 h from A(a) and B(b) manufacturers
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HEHGT min AR SR S S B 5T

R1 RIMESTHIE A. B RFI HTV BEERRIRIAFER) /4 RE

Table 1 Mechanical properties of HTV silicone rubber before & after ultraviolet radiation from factory A, B

ALY T/ FE I [A] PR L SRS EOALTH =S TR

Sample No. / Radiation time Tensile strength Elongation at fracture Elongation at break Hardness
TS / MPa AL/ mm /%

A-1/0h 6.4 39.0 156 74.0

A-2/500 h 6.0 30.0 120 70.0

A-3/1000 h 4.6 19.0 76 75.0

B-1/0h 5.1 61.8 247 62.5

B-2/500 h 49 52.5 210 61.6

B-3/1000 h 4.6 37.0 148 65.0
K2 HTVEEREEHE% T /I# RN ESERRIER

Table 2 Mechanical properties and electrical properties of HTV silicone rubber composite insulators

VAR SN A MERE SN

Mechanical properties Requirement Electrical Properties Requirement

EDALIE S >4 MPa PRAR P AR >1.0x10”Q-cm

Tensile strength Volume resistivity

EDALKGRSES >150% EJIEEEES >1.0x107Q

Elongation at break Surface resistivity

S PRAE >50° Eitiilig >20 kV/mm

Shore A Hardness Disruptive strength

DU R >10kN/m K% HC1-HC2

Tear strength Hydrophobicity

22 HEMEE

AR BT I AS 1 AR HLBEL R, A TH FRRHE R, F
AR AR p,, A (Q2)THFE R LR
Ps:

S
=R = 1
Py vy (1)
A =R o 2)
D,
In—=

X, S A KM (em®), d NEREEEE (cm),
Dy NI EHEZEA(cm), Dy NFRRHE A Z(cm).
TSR IE 3.

F 3 Ry o o B R AR o 7 R SR R
LA R0 MK MR R KB iE, TEikFEER
TR BRI ST K ER B 7K BT 5 4 K P 4
SN NITES ESIN VI E e

M 3 ITUUE W, WS RIMES G AR B BE
. RMABPHZRR/N, RN KPE TR, X
Eb% 2 #1346 3, A40 A, B RIRFEL EAMES ),
AT FL B 2 R 2 T R BH AT SR R AR E IR, Hi
TR AT . A RIS 5 MK R A
2, FR4F 1000 h 5 ARG K PE D ABAR; B RS
AL IR G T KV T BEES, RE 2 Fe bR
HR,

R3 BIMESETE A B R HTV BEBKAEK BS R

Table 3 Electrical properties of HTV silicone rubber before & after ultraviolet radiation from factory A, B

RS S/ N 1) PR B AP il g K

Sample number / Volume resistivity Surface resistivity Disruptive strength Hydroph-obicity
Radiation time <10/ Q-cm <10/ Q /kV-mm™

A-1/0h 1.1 2.5 20.3 HC1

A-2/500 h 1.1 2.8 17.4 HC2

A-3/1000 h 1.0 1.7 18.3 HC3

B-1/0h 43 4.6 20.1 HC1

B-2/500 h 42 2.5 16.2 HC2

B-3/1000 h 3.7 4.4 19.0 HC2
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23 FTIR RIEER KR THT

FTIR ZLAMGHE 2 RAL i SR AL S 45y A ) 2
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(a) Full-spectrum

S
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=
)
&
4 -
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El2 A RFIRFELIMESEE FTIR M4 B K (a) 5 Si-CH; [ E(b)
Fig.2 FTIR full-spectra(a) and the detail with enlarged scale of Si-CHj;(b) micrographs of new and ultraviolet irradiated samples for
500 h and 1000 h from A manufacturers

16 |

(a) Full-spectrum (b) Si-CH,
4r 500 h
x 12F o
> —— B-1/New < —— B-1/New
i —— B-2/500h 2 —— B-2/500h
3 8f —— B-3/1000h ks — B-3/1000h
Q
5 % 2+
~ 7
4 -
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0 1000 2000 3000 4000 1200 1240 1280 1320 1360 1400
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3 B RIIAFFLIMES RIS FTIR 4B B (2)5 Si-CH; J&#HE (b)
Fig.3 FTIR full-spectra (a) and the detail with enlarged scale of Si-CHj; (b) micrographs of new and ultraviolet irradiated samples
for 500 h and 1000 h from B manufacturers

FHE 2(a)nf 1, HTV BERRK FTIR EE A %
MAREN S v B 5 AN S, o BB RS LR 4.
A RFIRFE 800 cm ™' BT Si—(CHz), #1 1260 cm ™" Ak
Si—CH J52 5 U6 558 55 [t 4 St T [0 98 g 9 55, 5 B 4%
HNERIWT T REAR B B Si-C B, X REL
POk M BFAR, HRTE M KR IS R A .
1000-1100 cm™" BT Si—O—Si U4 35 3 e % 5 Hsf 1) 1
hnyE g, Ul AR STE R T EE LIS AR HES
AR M F R L A (CH) M =8 it 7%, 8 2 8] AR
BB N, 13 Si—O M A =
2360-2962 cm " BT S S U 5 T B S AR 40227
T2 DI £ 22 Si-C 8, KFILPL 1260
cm ' 4b Si—CH; GHIEARRT 58 % (AL A S,
K 2(b), A RANAFE Si—CH; S 510 555 755 [ HEL S bk 1)
(I I T 2RSS . B RIGRFER A A R F

FAR 2
R4 HTV RERR ALk S S0 35 B0 2 %ok B R A

Table 4 Approximate reflection peak wave numbers and
functional groups of HTV silicone rubber

EACUS S e K B M

The wave numbers of approximate Functional
reflection peak / cm™ groups

~800 Si— (CHjs),
1000—1100 Si—O-Si

~1260 Si—CH;
2360—2400 C—OH in COOH
2960—2962 C—H in CH;

24  EZHNEITR

R AL R 6 T PP 2 A
U, HA T 4 B, S e e
A L3 5270,

040301-4



FEIE. BEUs 7w iR R S S R BT 7

AL 2R DL Si—O—Si o T 5%, XK Si—C BERERUK, & 5T ERANE S MWL, s
IATET I NEE, FREINDEIEVE ORI AL Bl L], B>, SR MR
K 15 o ZH R I 1 5N AT (ARG S IO AR AL VG 1 1R B0
(AL 53 5 2 I L 0 S B, o o ae om
MR = S FUREHIIK 55 T 1)22 3 S A A A A
RO R AT, REARIBEOIAE | B 1k g P Lol
e e 2 LD R T SRR 0 R O o
I, TR R IR, BRI s The moteculir creotare o i i ailicon rubber

T BE Si-O BEAER R, NE SR, g L Si-C. m>>n, m~5000~10000, n~10~20

R5 HELBEERR DR LRN TR

Table 5 Average band energy of methyl vinyl silicon rubber typical chemical band

48 Chemical bonds Si-0 Si—C c—C Cc=C C-H O-H
‘B #E Bond energy / kJ-mol ! 447 318 345 615 413 463

MR IMES SRR R AT 2L, fEAHE M, BTV BRI IR L, (135S N 4%
320-400 nm AL LT REE N 380-299 kJ/mol, 7] HACER gD, SR G N R (o)l
DIWTRERS e PR 4 Si—C Al C—-C B HOTReMI L M4 Si-C SAMmesbig, A Eh
RNAIE 6277, [ 6 Mi(a)E EAMEN Trad 3, SR REMIER T, I5E PR P
~Si-\ -CH; fI~Si—CH,-, [FIf-H Al-CH; M T FEACBUIR, TERCEKEER, SEEST Si-0 EHE5H
CH, Sk, MAEMEIRTM AT, oA BE  ARMERBF e RIS, M 2 i G K 1 B .
~Si—CHy FlI~Si- RAEZHE M, A HTV BEREAE WK M B SR IR 5 SR 5y, KA B4
RIEIRE RS, FYEREIVE TR, BRsRRE . Bl RSSO, BEEOR TR ER N, RE T
g/, RN N (b)Y Si—C SR AT A AR L BH 2 A 2R T FELBH 2R R B
C-C #EWr%, Wi ABETRASER OGS
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- + C:Ha(@)
CH: CH: CH: CH: CH:
O— Si-~ Sk~~~ Si—0 O Si-~rr-Si- - -Si—0
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Fig.6 Aging chemical equation of HTV silicone rubber: the formation of active free radicals and crosslinking reaction (a); fall off of
vinyl groups and release of ethylene gas (b); the formation of hydrophilic groups (c)
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Study on UV radiation on high temperature vulcanization silicone rubber composite insulators

LI Guofang' YU Lan' QIN Yongxiong' YANG Xijie>® SONG Shijin'
ZHANG Shangang3 FAN Kun' DONG Kun'
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ABSTRACT The self-designed adjustable ultraviolet aging experimental box was used for the accelerated aging
experiments (0-1000 h) of HTV silicone rubber from two factories, A and B, with the radiation wavelength ranging
from 320-750 nm. The tensile test, hardness test, and the measurements of volume resistivity, surface resistivity,
disruptive strength, and hydrophobicity were used to evaluate the mechanical and electrical properties of HTV
silicone rubber and its change mechanism is further investigated by Fourier transform infrared spectroscopy (FTIR).
The results showed that tensile strength of sample A and B dropped from 6.4 MPa to 4.6 Mpa, and from 5.1 MPa to
4.6 MPa, accounting for 28% and 9% respectively; their longation at break dropped from 156% to 76%, and from
247% to 148%, accounting for 51.3% and 40.1% separately; hardness increased 1-2 degrees. In addition, volume and
surface resistivity and disruptive strength suffered a drop of various degrees, and hydrophobicity decreased by 1-2
degrees level. After ultraviolet radiation, the mechanical properties and electrical properties of A and B samples are
reduced.

KEYWORDS High temperature vulcanization silicone rubber, Ultraviolet aging, Mechanical properties,
Electrical properties, Infrared spectroscopy
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