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The AC Insulation Breakdown Properties of Epoxy/Multi-Alumina Composites for Adding
Surface Modified Nano Alumina

uoR
(Jae-Jun Park)

Abstract - The aim of this study is to improve of properties for electrical AC insulation breakdown strength using epoxy/
micro-nano alumina composites with adding glycerol diglycidyl ether (GDE:1,3,5g). This paper deals with the effects of GDE
addition for epoxy/micro alumina contents (40,50,60wt%)+surface modified nano alumina(l_phr) composites. 14 kinds specimen
were prepared with containing epoxy resins, epoxy micro composites and epoxy nano-micro alumina mixture composites.
Average particle size of nano and micro alumina used were 30nm and 1~2um, respectively. The micro alumina used were
alpha phase with Heterogeneous and nano alumina were gamma phase particles of spherical shape. The electrical AC insulation
breakdown strength was evaluated by sphere to sphere electrode system and raising velocity 1kV/s. The AC breakdown
strength decreased insulation properties of multi-composites according to increasing micro alumina and GDE addition contents.
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2 3o olgst YRt A= Aluminium  Oxide
PowerZ2A] =Ul Sukgyung AT Co., LTDAIOZE SG-ALO309
MES OlSaIATE WAt mola2 gate] E4e ® 10
A LFERNQICY. &9l DGEBA(diglycidyl ether of bisphenol
AER] OZA= AEY Araldite CT-2008 AFZSIICE HEs=
120°COlIAl 390~520 mP sOlH, Lii= 25COlAl 1.15g/cm’® of=
Al g equip/kg) 2.55~2.70ICt. A3tAl(Hardener)= A|EH
OF HT 90324 AURLoAl= IS HAZE UAl &
Carboxylic acid anhydride 718t ZSHRIOITE WP (melting
range)S 128~1327C0IH, B 130TOIA 1.22~1.25 g/cm® O]
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Ch Ate] e <3(%), 212y 2 0~02%0% 22 WAy
9 mteH FEIE Ze=rh

AR ZEA AFE%E Carboxylic acid type (anhydride)= &8
7171 HAHEAANQR! GIS Spacer®] AHAMZEA LHQATHA AFEL]
A Aom, Aty UegRnue] sHAEs Qe HIAEA QL
Glycerol diglycidyl ether (O]} GDEEF RELHE AIE5HACH

B 1 AzxE ME9 gy B4
Table 1 Properties of fillers for the specimens

Property Nano Alumina Micro Alumina

mean particle size 30nm 1~2pm

crystal form gamma phase alpha phase

particle shape

purity (%) 99 ?

BET (specific surface
area) : m?/g

100£20 ?
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Table 2 Definitions of Terms
ko] (abbreviation) 0] ( the original terms)
GDE Glycerol diglycidyl ether
ER epoxy resins
NA nano alumina
MA micro alumina
MC micro composites
EMC epoxy micro composites
MS micro silica
EMA epoxy-micro alumina
EMAC epoxy-micro alumina composites
EMANAC epoxXy -micro alummia—nano alumina
composites
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l Nano alumina surface modification I

'

Solid Epoxy Melting and
Addition (toluene + acetone+GDE)

l stirring
| Nano Alumina Addition |

Ultrasonic Dispersion

Remove of Toluene and Acetone
(high Temperature & Vaccume)

Nanocomposites of Liquid state
(Dispersion state)

| Micro Alumina (40,50,60wt%) Injection

l Stirring/Shr(Vaccume state)

| Curing Procedure(140°C X 16hr)

.

‘ Desicator (storage) ‘

I3 1 oZA/MOIAZL RO/ GRAL FEAES] AR
s

Fig. 1 Preparation procedure for Epoxy/Micro Alumina/Nano
Alumina Composites
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Table 3 Type of sample

GDE NA | MA
Specimen ER | Hardener
gram phr | wt%
ER 100 40 0 0 0
MA40wt% 100 40 0 0 40
MAS0wWt% 100 40 0 0 50
MA60wt% 100 40 0 0 60
MAT70Wt% 100 40 0 0 70
MA40wt%/NA_1phr/
GDE(L3.5)g 100 40 1,35 1 40
MAS0wt%/NA_1phr/
GDE(L3.5)g 100 40 1,35 1 50
MA60wt%/NA_1phr/
GDE(L35)g 100 40 1,35 1 60
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Epoxy/Micro Alumina Composites
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Fig. 3 Properties of AC Breakdown Strength for ER/MA
Composites according to Contents Variation
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Table 4 Properties Table of Weibull Plot for Fig 3

Micro Alu_mina shape scale parameter B10 Life
Composites parameter (kV/2mm)

ER/MA_Owt% 48.62 46.46 4435

ER/MA_40wt% 61.34 50.12 48.34

ER/MA_50wt% 128.18 48.59 47.75

ER/MA_60wt% 63.65 47.24 45,59

ER/MA_70wt% 88.42 4463 4351

22 OIEA/MolAE RO/ YF0LL/GDE F71E "E]-
FEZAEY nREAnh £4

221 OEZA)/Mo|IZLROLL 40wt %/ L =SFRL}
_1phr/GDE (1,35g) SZXEQ| AN

7 49 F 50llAE EMAC_40wt%QF EMA_40wt%/NA_1phr/
GDE =2 AEo| GDEQ A7}k Ws} 1, 3, 50l et HWE-=
TAES F7F wHRHAMZAE SEZ19 QOEESFEOR
LIERRQICE O Zal EMA_40wt%@t EMANA_GDE_1g9 2
50.1 kV, 60.6 KVEA] 105kV SE ZATE AL} = 209%
doAuty] Z2L9 desgile AUt I8l EMA_40wt%et
EMANA_GDE_3g2 Z$ 50.1kV, 56.18 kVEA] 6.08 kV SHIE
ZIE ALt &, oF 12% AAuty] 2o st LERIY
C} S EMA_40wt %9} EMANA_GDE 5g9 ZAS 50.1kV,
52.99kVEA] 2.87kV FaEl AWE ARUCL F, 5.73% FAuty
7150] ok/\}O 0404]:} _ﬂPHOE GDE x47}ak 57}01] UZ}E} 7:—101
T ZE7t Aashe 2E AROH, EMAC 40 wt%o] HI5H0]
HE|-FEAEQ] H5skat Zut GDE_1g91 2 20.9%, GDE_3g

=4 1513
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Epoxy/Micro Alumina_40wt%/Nano Alumina_1phr Composites
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Fig. 4 Properties of AC Breakdown Strength for EMAC_40wt%
and EMAC_40wt%/NA_1phr/GDE Composites according
to GDE(1,3,5g) addition variation
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Table 5 Properties Table of Weibull Plot for Fig. 4
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Epoxy/Micro Alumina_50wt%/ Nano Alumina_1phr Composites
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Fig. 5 Properties of AC Breakdown Strength for EMAC_50wt%
and EMAC_50wt%/NA_1phr/GDE Composites according
to GDE(1,3,5g) addition variation
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Table 6 Properties Table of Weibull Plot for Fig. 5

ER/Multi_40wt% shape scale parameter | B10 Life
Composites parameter (kV/2mm) (kV/2mm)
ER/MA_40wt% 6143 50.12 1830
ER/MA_40wt%/
NA_Iphr/GDE 1g | o207 60.60 56.53
ER/MA_40wt%/
NA_1phr/GDE 3g | 080 56.18 52.84
ER/MA_40wt%/
NA_Ipht/GDE 5¢ | 2>81 52.99 50.89
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ER/Multi_50wt% shape scale parameter | B10 Life
Composites parameter (kV/2mm) (kV/2mm)

ER/Micro_50wt% | 12818 48,59 4775

ER/MA_50wt%/

NA_1phr/GDE 1g | 267 53.36 50.85

ER/MA_50wt%/

NA_1phr/GDE 3g | 0034 52.08 5017

ER/MA_50wt%/

NA_1phr/GDE 5g | 0+3* 49.70 4799
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Fig. 6 Properties of AC Breakdown Strength for EMAC_60wt%
and EMAC_60wt%/NA_1phr/GDE composites according
to GDE(1,3,5g) addition variation
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Table 7 Properties Table of Weibull Plot for Fig. 6

ER/Multi_60wt% shape scale parameter | B10 Life
Composites parameter (kV/2mm) (kV/2mm)

ER/Micro_60wt% |  63.65 47.24 1561

ER/MA_60wt%/

NA_lphr/GDElg | 4261 53.65 50.90

ER/MA_60wt%/

NA_1phr/GDE 3g | 466° 49.90 4755

ER/MA_60wt%/

NA_1phr/GDE 5g | 4982 49.23 47,04

Ol49] ZWE Jolol & W, I8 4 I2a & 50AE=
GDE ®71& Z7io meh HEl-S2AES wFANAu] 450
ZaskE Z3H209, 12, 5.73%)E QACE E=st 18 5 2l
I 60lAl=, GDE E71F S710) wet HEl-FEAES wREN
Hl] As0] Z4ask=s ZAu (98, 7.12, 2.22%)S Qi 21
a8 6 1813 ¥ 7olAE, GDE AV Ul wiet HEl-F%
XNES HeumzrLol Asol Ziste it (1357, 563,
422%)8 QALY ZWEoZ T T Z0 Ui olfe e
It 4t

M, OlZA/HEI-ZERES MASET ik wWsh40, 50,
60wt%)ol wet AL E &F, JOlEEF9 AALulein|H
(632%)2] 21} Zaste Z2WE AACH

HE WHE-ZIXES AHUIZAEE ER(A6.46kV/2mm)ol
HIgto] ghalel 238 7hAgith A EMACOIA S1Fsh Hith 2,
MAZIHO| H7M= EROl ETES Fche 299 4t 13U
NA9 4% F7Hiphn)e} GDEZ} d71E FXAES] FMntyd
T SAE Ziolrt.
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24 ol RF9 RNYUHE 2| o] LIER YQIo|T] NAY
Hee REEN Agdi [71A Eg|Yols 45t Kakdo]
TAEOIA AL UCH12]. HEO NA RS Hrie Fduty] &
T 21 ARE £9 4 e gyunEHERE &
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CH13]. T8t L Ti0,QF MS9| &% FXZAEQ AAuE
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oJtt.
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