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The Influence of Surface Modified Nano Alumina for Electrical Treeing in Epoxy
Insulation

A

=*
L

(Jae-Jun Park)

Abstract — This paper presents the results of a study on the effect of surface modified alumina nanocomposites on electrical
tree growth in epoxy insulation. Treeing experiments were conducted at a fixde AC voltage (500kV/mm, 10kV/60Hz)on unfilled
epoxy sample as well as epoxy nanocomposites of 4 types with different loading and surface modified GDE gram. Time for
tree growth as well as tree propagation length were studied. The results show that there is a significant improvement tree
propagation time compare unfilled epoxy to epoxy nano alumina composites. Different tree propagation shapes as well as
slower tree growth with 4 types nano alumina composites were observed.

Key Words : GIS spacer, Epoxy nano alumina composites, Electrical tree, Surface modified nano alumina
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A™shk= TiHAUS oltH[1-2]. 4 Eglde &
oA 2l 1z Egjaidol tigkd2o] 2Hals
WZ olojAl= AoJtt. JEAW, oEZAFR= 587
2H9] HOANEE & gHA At olge ®71E Ek oplzt
1A, @& BEgo] 4017 WEoltt. dEAIFAE B A
71dd1el AAMBEA ES|, GIS Spacer (Gas Insulated
Switchgear Spacer), 9HA7] IAXAA AlAEH O BE=F
Bl W7l Sol AREEo] XAl ATHBI[M4]. K27 Rkt 2
0~30d SO FEe AFKAES FUISES Flsi A7IoJHA]
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A7) AUEd U A" SRrES U9 dgEA et
Aol &2 dgFATE wFY] oyl molAaz STUAE
SZlste olfolttsl[e]. W FWEASTTE AEAR HYE
=50 Az TEH, 7170 A8 e dAIE= ¢sto] 4
do] wilstA ot ddE gHozs Qlete HALRoR A8
So] 3to] HEHFol AlAEL, O Ay m6EFoE HAE0|
s e AYE 71719 EsdEE OlojAIA Erh mo]AERt
o] g3t ol AR, e SHEcke 229 At niol
Az o] Ay ULAE &gttt HE-FZAES Mz
5 A7 HaEal lem[7], 1 A3k £H9] AUPoR Qg

AR, GEEY T8ln BA1E AouEs s IEse o
b A2 BIET JCHE) w5t LRepRig RAAA H4

o] #Z BAE SFEAE g o ofgth Od Ol/E, Lk
AR ZHS AESH R71EQ ULeYAte] A R71EQ
olZAIFAIQt d8te &0lokAl of7] flsi stere EHAEMNZE
A AZAZSHAE o188t HUt ZdE o] SE dumE U
CHB][9]. E$F Tanaka[11], S.Alapati®] H-tAFH12][13]E0] Lt
LAY ETIAE AMguet AEEEEA0 ATE UHeIgx
ANE TE-3FotEd T2 AHO o|55HE S& Hilshal
AT

2 AFLollM= GIS Spacer?] FALAE HLshy] e L
AZ0LL RIS oIZAIFRO]l dESHA BAAIZ17] {18 YAk
EW JNERZA, Glycerol diglycidyl ether (0|5} GDEE} BE&
LHE O|&ato], LT hLt ARKE7E 0 GDE E7tE Halo)
TE oZA/U R0 FEXEE AXor, EY Ags
AAlGIECE AEET U-QAtE mHAZSH HedZRnLr E
ZIZhAl 2 DEGA 0 & e Fil ASE Seloknt
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2. Experiments

21 =

2 o] olgst Ur-gFnut YAH= Aluminium Oxide
Power2A] =W Sukgyung AT Co., LTD MZOZE SG-ALO30
9] AEE oot} 28 Yel= Ante(Gamma Phase) QZ2A],
AR T71= ¥ 30nmQl LF0iLp LH=QJAROIH, BET(HIZHE:
m?/g)= 10020024 1g8t FHAS Zte Zolch

AIAQ1 DGEBA(diglycidyl ether of bisphenol A)EFY] o=
A= AEQE Araldite CT-2008 AMESIQLE AEE 120COIA]
390-520mP sO|H, WL 25COlA] 1.15g/cm3 O|ZAl Tk
(equip./kg)S 2.55~2.70|Ct.  AgA|(Hardenen)= REHOR
HT 903ZA AUezoMe TAMAS HAZE LA Ze
Carboxylic acid anhydride 7]HF ZgHRI0ITE &l (melting
range)2 128~132TCO0JH, YirE 130COIA]l 1.22~1.25 g/cm3
otk 4to] g2 <3(%), FIHY FH2 0~02% 22 QA&
WAO] nHeH YElE ZH=th

AR ZA] AF8%E Carboxylic acid type (anhydride)= &
7171 AMAMO! GIS Spacer®] HQEAMZA] THISHA AR
A on, Anpy LeYRniLel mHEs Qi8] HIAZHAQ
Glycerol diglycidyl ether (0]} GDEE} RELHE AIZ5ILY.

EgAZo] AlRYEE A& Ogura Jewelry Co., JapanOlAl T+
dotdlon, 1 "ol XY Zole 22 1mm, 60mmo|al &
o] Mot ZEHHA(curvature radius)2 5umzA] 30°9 ZLE
Zre Fg ARSI} ERME0 A7)E 45x45mm’EA R4
AHHOIAES EZMES St Hi2a 11 Be7t 8R |
O] FEE SIYCH, 80T 24AI7F AX F AMESIILEL

22 NREYY FFg AT AEAX

L YE0Lto] 3 588 SAA7I7] QEiA BHEAEA
2 HIA=A GDEE OIZAIFAl THH] 10wt%oll 1g, 289 S&s
ARSI U2 24s Qsiol =81 AERE
0]g3l0] 308 =0 BARIZACH
B 1 HEER

Table 1 Types of Sample

Glyeerol
: Epoxy diglycidyl | 20
Specimen Resin Hardener ether alumina
gram phr
MNeat 100 40 0 0
nAl 100 40 1 1
nA2 100 40 1 3
nA3 100 40 2 1
ni4 100 40 2 3

Epoxy resin: Hardener=100:40, phr: part per hundred of
epoxy, nA: nano alumina, gram: GDE gram for nano
alumina 10wt%
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(1) Neat: ¥EHoJ=ZA](Araldite CT-200),

(2) nAl, nA2, nA3, nA4 : OZAIFRIO] LHeS20Lt 10wt%
of thet ZHNEA 1g & 2g9 Tk} oZAI=R]100g
of AAE Wed=FLt 1g # 3g0] 507t &g 9n
Sith 2 AFolAles 7|8t HE9l 5579 AlHEg End
Sloll AFS ST

2.3 1% ETY &3

EZ] SEAAHE 2T OFRE 0l8510], ETAlHEHOl H
ARAEER) 30CE EHA L& |ASIYLL, "aFats
g 7MH g ¢ e IFAYFAE 0|183510] 0.5kV/sZE SY3H0]
53 AYQl 10kVE S¥sto] mhl AR g8t Megke et
StACL EZfAIQ TFg FFo7] Qs SnZ(ICS-305B,
SOMETECH Inc)g AMEsI¥oH, S8 Edgy ¥ E
ZIRAS EA-s170] AYst 402 -5 ERAES A
YFaE 60Hz2 LS stPeH, 5 79 EZNES
RZESI] 22t EiAlL, d@do] 121l EglgyE 5336t
Srk.
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3.1 TEM
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ALt 2579 ME2 18 10 U HieF 20l (a) nAl (b)
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Fig. 1 TEM image for the nano alumina particles dispersed in
epoxy matrix. (@) nAl (b) nA2
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32 Q7AYo WE EdY Al H AE EY

3.2.1 YFH|EA] A

2 AFoA] QI71E MY ERR HMOR, oEAl 98 %
LB XA E0] QI7FE E|AATHRES %’@—‘é‘@ 1dees ts
o 22 MasonAo] QJaiA] FHotATH [14].

E= Lm[k V/mm] M
rln(l-i—T)

ﬁéoﬂﬂlﬂEL E=500
KV/mm( é@%E :30°C) AFAY FHEE Zoltt.

1% 20]A+ Neat(Araldite CT-200)22A GIS Spacer®] &
Aarfo F2 AMEsh= b ol ZAl=Alol, 500kV/mm(60Hz)
9l A& AUIsto] ERAIZRE AA 811 HE wylof o
2 FUS ERANEE LUEMALL Z7IEZlE 67AIF &
o 7HAl E91 88AIZHRE] 224A17HE0H HEigko] REEL A9
AACE 2998170l 0|28 Ez] AAE AEE= 15/\]7?50? =4

e

oF DA (@8.16H0)0] T AL EBY HgHQl 7IKY Eg
2 ZF6I¥on, 1h] 271@0IARhE FEH 5Al S(306A17D)
FHEZQ uho] ol=# Tt Ash Aol eX] (uF AVPEY)

CRREH =2 WMPA WFAOIE SO AEA ¢toz B
At =49 dert FYEH NREAEAES 2 o qxIREo] 7t
HARGEHE FE 52 A= ez dAls @5 dge 7A]
ot BSEAl dAE FHE L ths 594 FeE AR
FEFE g0l gEEA Enh EREAua EAe] AHo|
ZImpet J71E ERlgo] sulstAl Fddoer BE KAl o
[15]. oldol Aol Hstol EgjEEr17t 67AKF ez 2 Al
de ZA ETV IAEQICE o2 EstEe =Hd BT
AetolA] et Zolw, FREoR B 7HRE0 MEA &
dlotal Jdgsto] FatE Erigo] FA/KL, ofFIXA €

M o
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Fig. 2 Tree growth length of axes direction for Neat
according to 500kV/mm needle tip electric strength
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Ch I8 7IKEe &= Eﬂliﬂu WRAEI7E DSYERA AE
gl [16]at &2 7130l XEHo] dAE 51 Wi
Efsto] Ol 2 TroH7V\%‘01 xRz S71E0] B
AEEOR O]FOALE ETZIXG] HH2 =AEQ JHZ H
o] 7ol ZIKERZ0] FRtz ted=7p710] Ad6HA U
d= AACQ A7I7F ts MojAAl F=o] ESZIAZE digd=
E7HA 7HA] Hetal |45 utloll oj=A HE atde Solod
AAo] uhaEch

a9 39 %= Bl gt Enjgde Ul 2oz

a8 3 500kV/mm  (60Hz, 30C)9 FAZE SlJA =
Neato] thel A715 EZ|gdl (a) EZZHAIETAIRE 3),
(b) ERA (284A1F ), (o) Elmh A& (304A1%%
%) 183l (@) EZah] (306A171)

Fig. 3 Morphology of electrical tree for Neat sample tested in
electric strength 500kV/mm at 60Hz, 30°C for (a) tree
initiation (after 67Thour), (b) tree propagation (after
284hour), (c) just before tree breakdown (after 304 hour)
and tree breakdown( after 306 hour)
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322 BUAZE WegFuL} SZAEY EZAl ® ZA
(nAl, nA2)

O3 40lA%E nAlT}F nA2 LIS EZXEo tigt ETlgideg =
Aot dmolct. 18 5014 nAl9 ETZIAl B RFol oist
ED|SAE UEIHRATE nAl9l B 56AIF & Z7|ES|7} W
SHlal, 384A1t & EXAAolE B 0667Tmm FEAEQUCE
11994171 (49.959 %) EZ|ZA Zol= 0.678mmEA] 81541
ZHsQh 0.011mm =35] njofst MEES UENRAL, SH9] &
Fol A9l Qla Suis (gughoz Egigl 7] AxE ¢
A

nA29] AL 36AI To| 7B} PSR oM, 299A17F
S &9 ERRIFO] 0509mmE FFEQACE ETIAR RE]
119941 &, Egl@Edols A9 gyl Suisko] Enjdi ™
o] WolAle LAS UERQITE o9 Z2 a2 LAt
o BHMNZEY GIEA, GDEQ APLE ¥% Woho] epoxide
ring?} L7177 @8 Q= OHYI7F EXjske BAlFo] Fe
GDE <jglo] AHY| Zsio Li-Ate] 4538y Astg VA
2 A2 AREn UegRnLt 22 GDE Site FEUE
Agrgolitist #FAZlolg WAl ¢ dus AYsirt[12] [13].
Toshikatsu Tanaka® L-Z#ZFEHo] A% WHE]-F0 (multi-
core) O|Z[11]13F 18 604 L}ERH P. Preetha[11][12] AH
9l O|E3Fx0] 7|ojet] MECE ALRELE

J% 5 500kV/mm (60Hz307C)2 FAZE otollAl A% nAl
of thet (@)~ ®A7IF Egle] g4 () ECINAl (56
AZE 2), (b) EZZTA Z=71Q9AZ F), (o) EZFA
(324A12F ) 2|41 (d) EIRE 119941 &=

Fig 5 Morphology of electrical treeing (a)~(d) for nAl
nanocomposites tested in electric strength 500kV/mm
at 60Hz, 30°C for (a) tree initiation (after 56hour),
(b)tree propagation beginning(after 299hour), (c) tree
propagation stage(after 324 hour) and (d) tree
propagation stage(after 1199 hour)
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323 FHAE =Rt FZXES ELZIAl ® ™
(nA3, nA4)

8 70lA= nA3d nAd LI=FEXEO Tish ETZiA] @
AFol st ERSide AES Zuoty. I8 80AlE nA39)
EZZHAl & - thet ERSAE LFERRRICE

nA3e 6AIZ = F7|EZIZF WS, 360A1F & EITA
Zol= 0.124mm ZAALRACE 1199417 & (49959 5) EX
HA40l= 0.836mmzA] 6454175 0.226mm H]9Fst i FHub
O] FIMo] o]F0F oM, thal FWE (GuEhoer Hiu|vt A
R7Fe Ak UERGITE 01212 nAl, nA29] 229t FARSITH
nAdes 404A12F T FHSF EZZIF0] 0.802mm  TIREQUCH
119412 & Al EgRIFZ0l= 0.825mmE  T95A1 &9
0.04mm DEE AWZA] FUEFO] ZFo] A9 gle Z2WE 7t
A Zolth TE EZi9 MEVIKRE SHEo| Egdy maut
o] WolRlEe FAS UERNQICE GDE2 AVINE UEsEHA g%
oL BeAE 1, 3phrE IS 4% 3phrQ 4<% 1phr=rCh
O7Ho] EIRIAO] HeH dAEE Age 119941k SRR
Ho|1 Ut

Ol HESH LR0LUAL Babe AEjolA] Tanaka[25]
J2]al P. Preetha[12][13] &9 M+AFEE WA} 1phrE
Tt 3phr Z2< AW 255 dloAl A7 AtiFoz Bwe +
7} SHEE Al UolA BANEH ) EZRIFAl LA A

Loosely bound second layer

Nano particles

Tightly bound first layer

J% 6 AHA 255 &
Fig. 6 Dual layer model of the interface
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& 7 500 kV/mm (60Hz, 307C)9] E] FAE MAZE ofA]
Z7Z% nA3, nAdo] thsh FHgF EZRIA Lo

Fig. 7 Tree growth length of axes direction for measured nA3
and nA4 nanocomposites according to 500kV/mm needle
tip electric strength
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39 8 500kV/mm(60Hz30°C)0] HAZLE A EEE nA3j
st (@~ &71F Edgy. (@) ESHAIEGAIRE £,
(b) EZITE =71Q97AIF F), (o) EZZE(194 AlZt
%) I8 (@) E2IFA 1199417 &

Fig. 8 Tree growth length of axes direction for measured
nA3 nanocomposites according to 500kV/mm needle
tip electric strength

¥ 2 Neat, nAl, nA2, nA3 ZI2]1 nA49] ETINA] AlZH 2
o] 83l JH™

Table 2 Tree Initiation time, Length and Propagation for
Neat, nAl, nA2, nA3 and nA4

Tree Tree Tree Propagation
Sample Initiation Initiation Length after 1199
time [Hr] Length [mm] hour [Hr]
Neat 815 0.157 Breakdown
nAl 56 0.531 0.678
nA2 36 0.362 0.509
nA3 6 0.509 0.838
nA4 42 0.068 0.825

= zlg ddlotd, dFA BsH XTIAD ez =8z7E g
A7) mz2o] Eglo] LHegFnuiAbt 34 dellcske ddz
A= AIoILt

324 OIZA=YROLG FEAES X7V|E| & o]
2 AR O3 EFRA §

I 20lA% Neat, nAl, nA2 nA3, nAl 5559 MZo T)
ZZIEBIHAl AIZHE AHAIE Zolg EHE5I¥al, AR &
10kV/60Hz(500kV/mm:Ett AAZE)E LFsA Q7ke A
2 1199A1F & Eg|7d dolg UERHSICE

Neat®] A< 306A17 20] 7HRFEDE A0 mho] o
2331 UHA] 4579 Ux YZ0UZEAE AFolA 1199A4]
b & EDRA ol ¥ gde B o, EZViAl dol2EH
1199417 E71A] AAZol= nAl, nA2 nA3 JI8]1l nAd
(0.147, 0147, 0.329 I8 0.75Tmm)AFE QL o] HFE= A

V
& 2
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wEoz B g0 M Aee ey 9xr) B
o] WAL A Yristn Y= Aol
olae] AT=RE

() Neat, U201} FZXE FAS Z7|EZ JAAIZY
ik

EQSde FHETE olne g9 HAAES AEdd
(pre-breakdown)O|C}. YHEEOR FM7|FER] XA 371A|9
gooz A £ Quh (i)ETIFEY|({ree incubation
period) (ii) EZI7NAI7](tree initiation period) (iii) ET]EE7]
(tree growth period) EZ|FE7|= FE olHR] HA}, Ars
Jgja 9Aadg 58 2o 2dE I EE)Ydo] 95t
NEAARIS] Attty Ze AZ UE WAE EgeiA "ol
[14],[15]. EePiAlE &E719 Eg 2A AlFED uF A
718 &80 98 dAxAog nEA0E dIEY o FEE
B389 o FYuEe Eeg Ert o) }Ee Soto] FAL
= F eV HRIE QoA BAEEE Adsk: Al d8al Ef
HAIE O1& sk A= ZHoltt[2].

leda[17]& E2iAlE aRadedd o8] Eglg Au F¢
o REE F7] - 7IAFAAEH A vh=of Qs JHAIE 4= ATk
Jdglal AEAS AANEEE s71s FAHFRIE BE o-
e AClg - "7E AEHAVE FojA o AAE 5 ok
O ZW ET AAREE wEA T8 REs AZ & A
Z10]T}.
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rr

(2) ESRFEA N-gR0L SEAES Ed YA &

I3 69] AHOIEZ0|A, Toshikatsu Tanaka®] L-ZE{FH
o] A% HE]-F0o}(multi-core)O] = [11]3} P. Preethal[12][13]
AWM o]55TF0l ZASH E w, dZAINEAE L
Foju 2 Aptet 22 gRE S8 BAATIE ofe HRA
g AW WAoo thtte] 7] wiZolth. il ofZAl L
SEXNES] A7A, 7IAF ELE AMog 4= = AHol At
= Aolth AS U=YA EH 7 e Uk S0 il £
A £ gle NEAAQIN] 98] YAmH| Thekst Aol =4
Aoz =% HoRtety F5ck= Hiolth o LAt
THHEE ) 2 AGtolA= HIAEA GDE AMEsto] & e2lst
QCh GDE: @Al ZHAEAZEA &% WHo| epoxide
ringdt D717 €@ e OHZI7F EXjcke BARF0] FHe
GDEQ] gl AMHOl Z3tet LRt 82889 Asts
THRRA E= OOt 2A 52 Ag UgAto] SHstA o
el B9lofl ASHEL O FHe 50] g4E I3l olEA|
AEAAQIE ElolA Hrt. FefEF Q1 Wl &, Agloi7t EY
H F Qe TAEA, oZAQ} HeSFHUARS 4SEE ol
Zol AUGAY| Hes FA E ZOIth Alapati [2] [B]=FH
aFeto] ok ui, Egl A= FAATOR e FeE Fshet
Neat,OlZA] UL-YR0LE FEZAEOME RAHFEARZE EA1G6H0]
URE= EW 2 4 Q1 JE|d E OE YRE LgRnne]
At Lol EXiSHA Eltt. o EYE F5ht ofE g SHOIA]
T O SHOR olsaly] flsiAe U2 w2 ouAlZr g



SHAl EL] ol AgllA gA EYE ®E 9EY wHH, 27
Ef] /ARl WolklE Alo] Ho] Aot Ger 1ouHRI7}
Felglojorgt HEY o] Aat W MRPE AURE €A o
Ef7} AAEE 2 ARl &4 LERd Zolth o) E
ALY 012 o FA] X9t ASAQ TS 7] G, oZA|
SR e g2l Rie] ARYPAolA Al HHEE EE0
o3l oFst Kol syt AlEE o] ER)Z] AAEE ZoZ Al
Hr
UL-FEAEN EDAAZRH FUE MRV de-AE &
550l UeRE g5l olssiAl Eoh Ue=gRuLie] 32
H2E 52 WAXgES 21 Q7] g Efls Uk AR
Y o|Z=A] R 502 JESHA "ol A ERRR)
g AlZto] A Hal, ol BAl UeFEXEE NeatA| R
Ef|dFEo] & Agds 2 Hoh ESFRgdoN B & A
Edg0] 2™ 25| musiAL Ee ARSIk 1
o7 I35 &2 77t BoiAl EotA
OF e "t 18 53k 18
8oIAl HOIE ZIAH, o= YFAIRI] HH Eoi= dNE B
7F ATk ol EFEAl REAIY B9 EfE MAE A
HE= MPEQl FJAOR AR HIC} Densleys[18]9] ATFANE
Neat®} WHeZEAEQ AFHOIA Neato] H|SI0] F JIXZEE]
TARZF BaesiAl Bol et Ju ZIKgERS 2L 7}
A7} B SSS VBRI o2 ETFEe Hol ERE
AMstol gy mEo UElt ZHoz Agsirh 2 AFoME:
Neat9] ALE WEFQO AXGEDQ /Al & Z& I3 1}
o] o]2 Ziolth W=YZRnuURte Sxiggo] mE E
Aol g F Hrh LR S8Ed d8al nEAYY
o] EIsHA TW QolA d¥st BE Aol RonjsiA Hol E
ZI7HAl & ZFo] FH5HA AFRECE AAE mio) o2
Al =

3.4 B

A7)A Eggiae A7) 98 Neat, nAl, nA2, nA3 18]
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