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Analysis of Surface Degradation on Accelerated UV—-treated
Polymeric Housing Materials for Qutdoor Insulator
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Abstract - The effects of accelerated Ultraviolet (UV) radiation on High temperature vulcanized (HTV), Room
temperature vulcanized (RTV) silicone rubber and two types of ethylene propylene diene terpolymer (EPDM)} used for
composite insulator were investigated by hydrophobicity class (HC), surface voltage decay after corona charging,
SEM-EDS, FTIR and XPS. The contact angle in two kinds of silicone rubber was scarcely change, but EPDM occurred
to the loss of hydrophobicity followed by surface cracking and chalking. The surface voltage decay on UV-treated
silicone rubber and EPDM showed a different decay trend with UV treatment. EDS and XPS analysis indicated that the
oxXygen content increased with UV treatment time in all samples. For silicone rubber, the oxidized groups of inorganic
silica-like structure increased with UV treatment time. The oxidized carbon of C=Q, O=C-0 in EPDM increased. These
oxidized surface for each material had different electrostatic characteristics, so deposited charges were expected to have
different impacts on their surface hydrophobicity. The degradation mechanism based on our results was discussed.
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Table 1. Surface hydrophobicity on UV -treated samples

Materials 0 hour 4000 hour
HTV SR HC 1 HC 1-2
RTV SR HC 1 HC 1~2
EPDM 1 HC1 HC 4-5
EPDM 2 HC 1 HC 5~6
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Fig. 3. Surface hydrophobicity on UV-treated samples after
UV-treatment for 4000 hours
(a) HTV silicone rubber (b} RTV silicone rubber
(c) EPDM 1 (d) EPDM 2
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Fig. 4. Surface voltage decay on samples as a function of UV treatment time
{a) HTV silicone rubber (b) RTV silicone rubber (c) EPDM 1 (d) EPDM 2

WA BN 27142 ve) HE S22 ZHAd 4
o AREA A% BE AL volk olfE TeUAY
Ao)dol zabgol weh Eelo] AnEAY A2e AAYH
Aol FAHRA Nze T2 Edol H4HUR <Y
e} WHE FAstE HFol WHYUs] Wl o
g 38 2HANE olgdd gasg,

AAE 2% 7S AN ZAE skl HH7]2 ALY
717 gestn, 2 Al 447l @ e gase g
g3t oA AR A Fel FeA AcHel oA
ARY VR 54 AUEH FaG ARAUY Paz
ool AeH EAel e Wid ARSE P& 913
o ol d3s Hadny AGH ZAE Foo 448
# 22¢ ¥ 2H4A B oy APgAgos ¥
725 AnAA BAY Aske o5 oYA e P2
Aoz wodth EPDMS 724t A% ZAE st
C-C Age) AwAR, thse erido] B4sel FHol &
43 e ARSBA oed 4n® Basst 37500
Hed oleig 727} ZuAgl B d¥E Fr AoE
An@n. olelg sata Txe) W XPS ¥AE Folo
gostg o,

AEHoz ol2@ un Wste Al 24 Fele
Ae A4 29eld DY HYS o FYOD BB 5 3

Ag olgA A% AV HWAE HWo] £io ETAHY W
F4 Ao RAE Yoty Edel gaw A ¢

o) Elo] $AHW 4EF T Waiel 45 BeHel W
A2 o)z A THLol FAAY Heldl YAANEYe)
2EAdS 948 AEY ohas) WA YA FAANA
At ojde BEd ERAY FAALS YUvH, %5

4o fAZRAA W wa wALE Aol FeARA €

. 9o AdelA AsH 2AZ BV} AU i
A8 SE Zoluh BRWAH Fo $E3 AAA Ede)

482

fHdE" = Y3 ol dHPge] €3aQez Y F
ot B,

42| 2Fe EPDMS i A4ee 448 438 EPDM
9 A$e AR o3 FxAlZ ddxn 2oz
Y A3E T8 dde] HAFHAT Hde2 179 F
L= Abslg Qs AR Fr1A deFt Aol 2FIAEY b
& "dae] 48l Egy HEE 2T fAEE 4
Bl d3lsr] g e wEt FERAZ AT A
Y Mz Alositle AL o £+ ACHEL

=9
|

3.3 SEM-EDS &4

7t& zeld gEAg] 2 A2 EW 04T EE SEML
Z TEsigch 2W 5F 400047 A za2 gsig
HTVs RTVALE 2%, 223 EPDM 5 F/HE& 2ul&
I A& Z7) 2% SEM Abdelth (a)~{(c)8] HTVA
A& R ME BEHAM & #HilEs: DR RIA|R &
e FHA =22 #$0% & gtk RTVHEEHAE 17
el (d)~(Delle Saz 48] FA3 A4S B F
Ao WATZRAME FHAY =T HFAHUT A
o H4EF ZFFe A4 2R 43 d8d 28 &2
77 7] A4 BAZ Hojged, ¥ dF= AR AHeFAAgd
A &Fo] FHEA A ol w4 ZFe] TEAFA G2 Ao
B8], F F7Y EPDME 94 FARAIZEe] ZeiR)
HA Ede| 2 #HAY 4 gisloen, EHe SHAY =
2x Aggo AT Fix 249 AolE HUY £ o
itk olEE EY AL AA 1039 ofd AFEE AEeA
= A= e, oleist EHEEs dAA] A2 H EAd

2 93o] gl Aoz dHHM2] 2 olfhe 52 AR
o2 9% ¥zt Bdd F9H 7] wZeo|o

Eue 44 ol 7] 18] SEMel Hzd EDSE

L

\_.

Ho
=



o ted t " -
a KL i,
kv X3ipw B3 dwm

2 5. AAH ZAle] W}E 7k AR SEM AHA

(a) HTV Z27]1418 {b) HTV #p=b4 A2 (x300)
(c) HTV #A8)H A8{x25k) (d) RTV Z7|M&
{e) RTV A& M 22(x300) () RTV A=l #el(x2.58k)
(g) EPDM1 =71A1& (h) EPDM1 &) A 2(x300)
(i} EPDML #b9)-d A 2l(=25k) (j} EPDM2 27148
(k) EPDM2 A4 A 2](x300) (1) EPDM2 A4l Aej(x2.5k)

Fig. 5. SEM photographies of UV-treated samples

(a}) HTV SR virgin (b} HTV SR 4000 (X300

(c) HTV SR 4000 (x25k) (d} RTV SR virgin
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Table 2. Atomic composition ratio on UV-treated
samples as a function of radiation time

Samples c (o] Si Al
Virgin HTV SR 478 246 19.5 8.1
W-treated BTV SR
rea 25.1 409 07 123
for 2000 hours
V-treated HTV SR
VV-trea S 141 | s08 | 216 | 147
for 4000 hours
Virgin RTV SR 451 266 211 72
UV-treated RTV SR
321 338 228 113
for 2000 howrs
Uv-treated RTV SR
e 201 413 230 156
for 4000 hours
Virgin EPOM 1 51.7 286 19 178
V-treated EPDM 1
Uv-trea 0 233 533 13 221
tor 2000 hours
- El
WW-treated EPDM | w1 | 607 | 15 | 237
for 4000 hours
Virgin EPDM 2 493 302 14 19,1
V- PDOM 2
UV-treated EFD 80 | 597 | 17 | 305
for 2000 hours
V-treated EPDM 2
WVtrea 65 | e31 | 19 | 285
for 4000 hours
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Fig. 8. XPS spectra on UV-treated HTV SR and RTV
SR in survey scan mode
{a) HTV SR virgin (b) HTV SR treated for 4000 hours
(c) RTV SR virgin (d) RTV SR treated for 4000 howrs
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Fig. 9. XPS spectra on UV-treated EPDM 1 and
EPDM 2 in survey scan mode

(a) EPDM 1 virgin (b} EPDM 1 treated for 4000 hours
(¢) EPDM 2 virgin (d) EPDM 2 treated for 4000 hours

A2ld JtEstgll g S E H2io PR THHES 24

Trans. KIEE. Vol. 50C, No. 10, OCT. 2001

o5 100 105 110
Binding energy {eV})
I3 10. AH ZAle] @& HTV HeE 279 Sip
XPS high resolution mode spectra
(a) 27148 (b) 4000412 M&A &
Fig. 10. Six XPS spectra on UV-treated HTV silicone
rubber in high resolution mode
{a) virgin (b) treatment for 4000 hours
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Fig. 11. Siy, XPS spectra on UV-treated RTV silicone
rubber in high resolution mode
(a) virgin (b) treatment for 4000 hours
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Fig. 12. C;; XPS spectra on UV-treated EPDM 1 in
high resolution mode
(a) virgin (b) treatment for 4000 hours
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Fig. 13. Cis XPS spectra on UV-treated EPDM 2 in
high resolution mede
(a) virgin (b) treatment for 4000 hours
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