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Surface Characteristics of Silicone Rubber Processed by Corona Discharges
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Abstract

This paper aims to investigate the effect of silicone oils as processing agent affecting the loss and

recovery of hydrophobicity. The recovery of hydrophobicity was evaluated by the measurement ol the
surface electrical resistivity and the contact angle on the SIR surface. Two kinds of silicone oils (1
and 2) having different molecular weight were selected under a consideration of hydrophobicity and
processability. SIR specimens were exposed to corona discharges in air and the specimens were

analyzed with contact angle and surface resistance measurements. It was observed that the contact
angle and the surface resistivity of SIR increase gradually with testing time. The fast recovery ol
hydrophobicity of SIR, expressed by the increment of contact angle and surface resistivity, was shown

in SIR2 containing silicone oil 2,
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Table 1. Description of silicone rubbers in this
study.

Specimens | Process agent Description

silicone oil 1
MW=3500

HTV SIR
Peroxide cured

> 50 wt% ATH
8 phr

SIR1

silicone oil 2
MW=2700

SIR2

oil content :
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Fig. 1. Corona treatment on the surface of SIR.

(a) ceramic roll electrode(corona electrode)
(b) specimen

(c) bottom electrode

(d) PTFE msulator.
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Fig. 2. Typical experimental setup for the Rs-

measurement.
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SIR after exposure to corona.
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Fig. 6. SEM photographs showing the surfaces of sound and corona aged SIR.
(a) sound (b) aged for 5 s (c) aged for 10 s
(d) aged for 20 s (e) aged for 40 s (f) aged for 100 s.



I. of KIEEME(in Korean), Vol. 15, No. 2, February 2002.

£ 2 ARAW) HEZ

Table 2. Contact angle of sound specimens.

AlH
g SIR1 SIR2
Ba 103° 104°
or 76° a1
#E M ¢ F s, HA FEH Ay T
Age] AY 2L gL JAS ¢ 5 ok e
77 H&2Ze A% SRIRT SIR27 i 2 %
& 7HE & Y
AT AFE ZEW Yoz AHd F 2
Ewe HEE @54 FEolzts WA 47
& 242 29 84 e AR AR A
BELT 23 HFZo] Lt d3te] &AM B
~452 FF3 "HolXE AL #FE £ ATk

F oA glejq ZRY HEFe 3
Alzhel F7hehe] we} FHEZhe] Ftete A=
A S FEo] o] FeolXa glLE & 4 gtk
ol gk LAl 2o 9L dAE TFE YR
A5t AEAEY A 7 (oligomer)7}
FHoz Eiste 3 TN Af4 oE7
(-CHa)7F Awigslr] wWEez ®udgz 9o
[3-12]. @4de 3B o9 AxE SRIET
SIR27F & AL E Jehtz glew, SIR2E 104
el 27 &7 95% o]fe] FEEgon}
SIR12 244 3ke] A= 4R E SB5z gk
2L ¢ F Utk

4. =

HEFZAR ALEHE T77 G2 F 7R 49
2 2ds AFE 7Y wg Al FF st
o ZEY WA =AY F AEY W L
4 F3E AL ARRgg. 3= HA AT
olslod A2 ¥ Ed Adex e F
A3 dhdle AL FZE F+ A o)A 4
U2 1F FH8 dfide] dAHor JA=
7] widolth £H AYLL 2o F23] P23
g7t bEE e By xm i SEMoz Hd

138

120

—0
I
e 100J o ®
2 /O L
& -9 ._ﬂ__,_.ﬁ_~—-——"~;
h 80 / .-e
[ 7 7
W G .
s i
= o/
ERE B
2
)
F 40 —e—SIR1
g —o—SIR2
i3
b
ERELE

0 T T T T T T

1] 5 Lo 15 20 25
Recovery Time (h)
(a)
120

T 1004
&
b {mj _,_._.—-—-—'—'_'_"'_'_'_'_'O
L7
E o°
= -~
S O’O
B - -
5 %0 O,O o ®———
= .4
3 g T
O QO
%0 40 = #
K 4
34, —e—5IR1
A —O— 51R2

a T T I T T T

o,
n
=)
tn
by
=)
b2
th

(@) W7 P2zt HE 7.
. Recovery of the contact angle on SIR
after exposure to corona
(a) advancing contact angle

(b) receding contact angle.

T Asied, AR A7 AE 022 AYIY
o A&7 R 2 AYed vtz 498 F 3
v 472 nF Ede 254 52 48 37}
2 2T oY) BAD APE wod By
°of rjHoz L AT 29 wh YA 2R
WEel mRez Fate] B & o] RoA7) HE
olth. wetd BRI o]¥H L meiste] HH
NAEZAL A2 2%e L4 9FE A



s o+ Ak

HAL 2

B dy3e

F=apeAE 5572 d7(R01-2000-
00265) 4oz SaE LT

i}

#
[1] T. Kikuchi, S. Nishimura, M. Nagao, K.

Tzumi, Y. Kubota, and M. Sakata,
on the

Ho

a

“Survey

use of non-ceramic composite
insulators”, IEEE Trans. on Dielectrics and

Electrical Insulation, Vol. 6, No. 5, p. 548,

1999,
[2] CIGRE WG 22.03, “Worldwide service ex-
perience with HV composite insulators”,

Electra, No. 191, p. 26, Aug 2000.

13] Y. Hirano, T. Inohara, M. Toycda, H. Mu-
rase, and M. Kosakada, “Accelerated weat-
herability of shed materjals for composite
insulators”, IEEE Trans. on Dielectrics and
Flectrical Insulation, Vol. § No. 1, p. 97, 2001,

4] D. H. Han, H. Y. Park, D. P. Kang, and K.
E. Min, “Tracking and erosion resistance
and hydrophobicity of HTV silicone rubber
for outdoor insulators”, Proceedings of 6th
ICPA DM, p. 354, 2000.

[5] H. Deng and R. Hackam, “Low-molecular
weight silicone fluid in RTV silicone rubber

coatings”, IEEE Trans. on Dielectrics and
Electrical Insulation, Vol. 5, No. 1, p. &4,
1998,

6] J. W. Chang and R. S. Gorur, “Surface
recovery of silicone rubber used for HV
outdoor insulation”, IEEE Trans. on Di-
electrics and Electrical Insulation, Vol 1,
No. 86, p. 1039, 1994.

7] J. G. Wankowicz, S. M. Gubansld, and W. D.
Larmpe, “Loss and recovery of surfaces
hydrophobicity en RTV coating surface”, IEEE

on Dielectrics and Flectrical Insulatior,
Vol. 1, No. 4, p. 604, 1994.

[8] S. H. Kim, E. A Chemey, and R. Hackam,

Trans.

A7) A=pA =88 =5, Vol. 15, No. 2, February 2002,

“The loss and recovery of hydrophobicity of
RTV silicone rubber
IEEE Trans. on Power Delivery, Vol
3, p. 1491, 1990.

[91 H. Homma, T. Kurovagi,
“Diffusion
loxane from bulk to surface”,

insulator coatings”,
5, No.

and K. Izumi,
of low molecular weight si--
IEEE Trans.
on Dielectrics and Electrical Insulation, Vol.
6, No. 3, p. 370, 1999.
X. Wang and N. Yoshimura,
nornena  dependence of hydrophobicity on
surface appearance and structural features
of SIR insulators”, IEEE Trans.
electrics and Electrical Insulation, Vol. 6,
No. 6, p. 781, 1999,
[11] R. S. Gorur, J. W. Chang, and O. G. Am-
burgey, “Surface hydrophobicity of poly-
mers used for outdoor [EEE
Trans. on Power Delivery, Vol. 5, No. 4, p.
1923, 1990.
A%, AR, 2T, HIV Qea 274
A dgelAel mE AEAS 4BT FW %
49 W, ANARAZSIH =LA, Vol
12, No. 1, p. 1, 1999.
247, %o, 2R YaA=d =97
g3 WAE 2ede 93, ANAAAE
g2=54, Vol. 10, No. 8, p. 770, 1997.
ul-oél—'— o OM z1f—a-_] 21-50_:._1. 017]_:1?__, “'2‘19]
of 25 A =2 EUJ AZ|AR 47 7] AA4
28 =84, Vol. 11, No. 10, p. 758, 1998.
H. Hiliborg and U. W. Gedde, “Hydrophohi-
city recovery of polydimethylsiloxane after
exposure to corona discharges”, Polymer,
Vol. 39, No. 10, p. 1991, 1998.
[16] A. Téth, I. Bertéti, M. Blazls, G. Banhegyi,
A. Bognar, and P. Szaplonczay, “Oxidative
damage and recovery of silicone rubber

[10] “Fractal phe-

on Di-

insulation”,

[12]

]

(13

[14]

[15]

surfaces. 1. X-ray photoelectron spectro-
scopic study”, J. Appl. Polym. Sci., Vol. 52,
p. 1293, 1994,

P. J. Smith, M. J. Owen, P. H. Holm, and
G. A. Toskey, “Silicone studies of corona
freated silicone rubber HV insulation”, 1992

IEEE Conf. on Electrical Insulation and

[17]



J. of KIEEME(in Korean), Vol. 15, No. 2, February 2002.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Dielectric Phenomena, Victoria, Canada, p.
829, 1992.

V. M. Moreno and R. S. Gorur, “AC and
DC performance of polymeric housing
materials for HV outdoor insulators”, IEEE
Trans. on Dielectrics and Electrical Insu-—
lation, Vol. 6, No. 3, p. 342, 1999.

A. E. Vlastos and ]J. Hulten, "Insulator str-
face conduction and surface [lashover voltage”,
Annual Report: CEIDP, p. 463, 1995.

N. Yoshimura, 5. Kumagai, and S. Nishi—
mura, “Electrical and environmental aging
ol silicone rubber wused in outdoor
insulation”, IEEE Trans. on Dielectrics and
Electrical Insulation, Vol. 6, No. 5, p. 632,
1999.

S. Kumagai and N. Yoshimura, “Influence
of single and multiple environmental
stresses on tracking and erosion of RTV
silicone rubber”, IEEE Trans. on Dielec—
trics and Electrical Insulation, Vol. 6, No. 2,
p. 211, 1999.

T. Sorqvist and A. E. Vlastos, “Performance
and aging of polymeric insulators”, IEEE
Trans. on Power Delivery, Vol. 12, No. 4, n.
1657, 1997.

A. E. Vlastés and 5. M. Gubanski, “Surface
structural changes of naturally aged silicone
and EPDM composite insulators”, [EEE
Trans. on Power Delivery, Vol. 6, No. 2, p.
888, 1991.

5. M. Gubanski and A. E. Vlastos, “Wet-
tability of naturally aged silicone and
EPDM composite insulators”, IEEE Trans.
on Power Delivery, Vol. 5 No. 4, p. 2030,
1990.

H M. Schneider, J. F. Hall, G. Karady, and
J. Rendowden, “Nonceramic insulators for
transmission lines”, IEEE PES 89 WM
118-1 PWRD, 1938.

R. E. Carberry and H. M. Schheider, “Eva-
luation of RTV coating for station insulat-
ors subjected to coastal contamination”,
IEEE Traps. on Power Delivery, Vol. 4, No.

140

1, p. 577, 1989



