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Study on Electrical and Mechanical Properties of High Viscosity Solid Epoxy /
Silica and Alumina Composite

gtz &
(Jae-Jun Park)

Abstract — In this study, 40, 50, 60, and 70 wt% filler dispersed samples were prepared for the current GIS Spacer or
environmentally friendly GIS. In the AC electrical breakdown, EMSC and EMAC decreased with increasing filler content, and
EMSC showed better breakdown strength than EMAC. The mechanical properties such as tensile strength and flexural strength
of EMSC and EMAC were also increased with increasing filler content. In addition, EMSC results in better mechanical
properties than EMAC. The reason for this is considered to be one in which the influence of the interface is important.
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2. Experiment

A, S T= g SXRA, ¢
= 2 e Qe 1

2 st £x FA AlA"HoILE 8= AZIEHMeY] (instrument
transformers), A~&7]0](switchgear) A&} 2L =& 7|AA,
g5 Tglal skety AEd Ao XHiE ZR9 A REu &4
2 R SRV SUE FHER 0|85k AL Fes
120°COllA] 650~850 (mPa s)[DIN 53019]01MH, O=A] SHe
255~2.70 (equiv./kg) [ISO 3001], WL 25COlAl 1.15~1.25
g/em? [ISO 1675191 O]FAl s=x]olt}, ASHAl= HT 903-12A],
=ed Wels 79~83C0IH, Wi 1307TolA 1.22~1.25g/cm®
[1SO 1675], AleolA FF 9 IAQ 71254 AHRFEA F3}
Aolct. e WAnteE FEjo|Th

2 Aoie & 79 gy &, nojaE Aeriet noja2
AZMLE ALESIICE mlola g Ag)7F YAR] HIEWA (specific
area)2  0.709m%g, H[HI/IEZH(surface weighted
mean)2  8.462um, AA7IEHT (volume weighted mean)
11792pum 213 PAIEY9 Hele dEdie Soto] 1~35u
m IVIE Zon, SYRE B YAEV= 10.7121ume Ze
oojaz Az7E ARESIILE YA Ak 18 1(@)0A]
LIERAQICE.

npolgE  gFnjLe] gae oz A HIZHA
(specific area)  0.937m%g, TEH/}ET I (surface
weighted mean)© 6.405um, AZX7FESE(volume weighted
mean)2 13.98um 12|31 YA HRle A-BME Sl
0.35~70um FA71E Zom, SYRE Hat YRA7)= 11199
me Ze nojag FROUE AFESIILE Ho|22LF 0Lt
AEEA A= I8 1(h)ollAl LIERAAULTE.
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(a) particle size analysis of silica
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(b) particle size analysis of alumina
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Fig. 1 Particle analysis of silica and alumina
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2.2 BERZE
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IFAIR @2XAEE AAIGIILE 3RS 140Tx16
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AIHAACIHO Bt = Qo wet MEE ALE
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2.3. J718 Axznh 548

Adnty] Ago] AFRHE AlE &Al= 100 kv, Fuke 60 Hz/
0.1AQ1 el Ehlo] 7hsth WY Ald ZRIE OIEaith
AE T4m AEQIEIA AES Ao 7 ASF0lM FAEIAL,
HE & A Az 2m=z YA A&t AN 1hy

o
Age TENHigh Voltag)S WHAIZIE B3L AlwT 37
Ao Holg ok +ASN. AlF AlEo FZS 100mmx

100mmx2mmE AFZ3IALC]

QIZIRYY £ WF 1kV/sQ S SEE AJH0] BE
ol ol W7A AAISIY A, S8E HE FN 1l HolH
2 9ol8 EFEg Solo] LELE d2]a QojEER9] 3
Al ol gaukeinig, AAduteie, Bl0sEE T6t0]
LR T1e]al Aduty] EMof thst siAdg AAISHIC

Sa s

24. 7148 QFZ: ¥ XL =5
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ZIAR B4 BolA 71E thaEQl A E Shol
H, AIEEEHE JIS B7502 A 9l5to] AFSHIE 2 Al
A AIES @ate JIS Bs020] whet RlZEsiRlrh AEdE EE
o A" Ald AXle TWsSAIEZI(SHM-C-500, Shamhan
TechE O|E5ICH, HF AlHY FHs 2FIL cross-
head speed’} 10 mm/min®] YESH £EZ QESIEE 7ok
ANE7IE olgsto] S+t Ee 24T 4 Q1
o 5L £E2 35 A 4k Agyes SEoalL, &
HE 7IAF A7 9 25 Holy g JAU1E Adutu 9l
Zo] olsialr] gA QolE EFE 0|8at0] LERNRALL 371HA
Eduletnle e 2t AR siAEHCH

H 80 A=
Abbreviation Original Language
MS Micro Silica
MA Micro Alumina
EMS Epoxy Micro Silica
EMA Epoxy Micro Alumina
EMSC Epoxy Micro Silica Composites
EMAC Epoxy Micro Alumina Composites
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3. Zdit ¥ AEE
31 128 54

9 29F 18 3olAE MSe MA YA gae O¥ 2(a),
3@olA UERRICE TIElal I" 2(b), 3olAe ol ZAl/
MS_60wt%, OIZAI/MA_60wt% ZIEXE [EHHO] SEMYAIS
LIERAQIC. EMSC_60wt% SEMYAlojA]l SE&ato] MSQIRRR}
OIZA] ¢RI AWl Isst AEIE UERIACE a3
EMAC 60wt% FEAIE 1teHOl SEMYAOIA HOlE HiAE
T MAYAIRL o BAIFRIQ0] AHo] EFFSH AEIE HOF
o Qth B71EI oZASRIQ] AWAE0] WALL AHO
ol 42, Adnty 9 7AF o 234Tol g F
A €t ®71FQ Aouhl] de Aol EZksiH MR
A2 O|ROIRA T, ZAA & XU 240 AFoA
O] A

(a) YA SRS (b)) EMSC(60wt%) SEM_ 3000HH
I8 2 o ZAI/AEEY A7t no|a2 FEAE SEM
Fig. 2 Epoxy /random shaped silica microcomposite SEM
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(a) YA & (T4 (b)) EMACB0wt%) SEM_3000HH
J8 3 oZAl/F SF0Lt nfo]a2 FEXE SEM
Fig. 3 Epoxy / spherical alumina microcomposite SEM
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QOIEEE0E B Tg|al 11 Zio] thst S4uleinle
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< High Viscosity Epoxy /Rahdon Shape Silica_70wt% Composites
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Insulation Breakdown Strength[kV/2mm]

18 4 EMSC SXg=omE F71E dAutydE
Fig. 4 Electrical Insulation Breakdown Strength According
to EMSC Content

# 1 Fig 49 ¢lojg Z29| Eduleing
Table 1 Characteristics of the Weibull Plot in Fig. 4

Scale

Types of Shape arameter B10
samples parameter p [kV/2mm]
[kV/2mm]
High viscosity | 75 46.29 4359
epoxy resin
EMSC_40wt% 48.90 54.93 52.46
EMSC_50wt% 41.25 54.05 51.17
EMSC_60wt% 48.78 52.26 4991
EMSC_70wt% 46.09 51.80 49.35

Eoltt. 77|17t Wol, #2go] Wil viE 7|g717F 3-H
TEEo] & ZWE 9nlsk= Aoltt. Filuletnly A9t B10
FEil= e UHES JAE Za AUk 712717 ©OH, B10
SOl AR FREE%) Fok? 10%0Fe] gte onlsh= HiZ
A, A ol WA LA ot #Edo] YoM ket
718 Mg AdolAls Rt dojLbr] wiEo] FHokst REO
2 Adutyrt dAEo] "Mr)79] 852 7TAQA Hrt ofF
2] 90%7} €8s "Ag 2t Qrt X2 10%8 =7} F okt
Aeetd gA "AEr7e gl =EE 2iE JIH A Eoh
TSl AL E 632%n80 Aok Zitg onishe
Z10]t}.

a9 49 AFAMOA 2 = AR0], AFZA] £X19 HA
AT AALuEEE 46.29kV/2mmE LFERAQIA, o=
AlRlol MSQ] E7R18HF 40, 50, 60, T0wt% S0l S7ta42
Houhy s A4t Ygol=Al £xof gt ErsE
HOEMSCYO HPMsE Hlwstol B uf 40wt%olAl 18.66%,
50wt%OIAI= 16.76%, 60wt%OlAl= 12.89% 1212l T0wt%OlAl
= 11.9%9] AdAuty] 4s0] gAE ANt T2lal Faulele9



A2 e B /12718 WA U3 1 An) tet AE:
i =S ZIE onjE Zolt, TE B0 $HWO] ATE vje
52 B2 UBhHo] AALuEES A9 A AuE L}

ERASAC
ERFPHE EMSC 2T ZnolA MO H4e AEEEO]
A EAEYol EHE4E 2ok JEE ol P4t
A Ao

ZIE LERILCE T A SHlekgol disiAl=
= et ZAuh] 3Eo daE A EHArh

3.2.2 EMAC EQgH0E AV|8 d¢d=

1y

% 59 7 20K OIB/A] SRl 9] MAE SZRIgEHE
40, 50, 60, TOwt% SRAA AZEH FEAES Huh] Z

9 FEZANE oolg EXCE VBRI AFoIEA] X9
AATZE  AAGuEHEE

46.29kV/2mmE  LFERHA T,
EMAC &2 AWE 99 olZAILAQ Hlustol B eyt
2t} 40wt%olA = 7.7%, 50wt%oIAlE 3.2%, 60wt%olAlE -
0.45%, T0wt%0IAl= 05%=2A ThA HoFet ddiuty] 29 4
ST AAE LIERNQICH

==

HT

Probability - Weibull

99.000

90.000

50.000

10.000

5.000

@ High Xiscosjty Epoxy R/esin
Ml High Viscosity Epoxy /Sphere Shape Alumina_40wt% Composites
A Hjgh Vlscp'sltv Epoxy/l 'Sphere Shape Alumina_50wt% Composites

Cummulative Probability Percentage[%]

High Viscosity Epoxy /Sphere Shape Alumina_70wt% Composites

1.000
40.000

Insulation Breakdown Strength[kV/2mm]

J8 5 EMAC SR WE A7A donh] 2%

Fig. 5 Electrical Insulation Breakdown Strength According
to EMAC Content

2 Fig 59 9olg ZF9 S4uletnlH
Table 2 Characteristics of the Weibull Plot in Fig. 5

ke

Types of Shape Scale B10
Samples Parameter Parameter [kV]
High Viscosity 37.54 46.29 4359
Epoxy Resin
EMAC_40wt% 56.03 49.87 4792
EMAC_50wt% 60.88 4781 46.09
EMAC_60wt% 56.57 46.08 4495
EMAC_T0wt% 64.30 46.54 4428
IEETY DM ZA|/AME 7t of 20|t BEXES MIH, J|AM EMA
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OIRY, oZA] #Xl0] MAZ} £Z%E EMACEEAES] &oin}
TBEo A YAl EMSCO Z2xd &rg-o] BrleeE

Aatls AnE gA Hth Jeih anhiZEe] ds Wl
Al e 2 AOIE LERAAL QI

Olate] Zu=A o ZAleAlo] MSSH MAZF
R F, 40, 50, 60, TOwt%= 571 o,

AME, MS, MA9l &80l s7ides
Lol = Ol

ENE, MSe g0 S71E4s We AVA Fduh
AiE UERHAIT thAlZ2 FHAs0] M A Hordl At
7F ORURITE. et MAS] E9E= MSeh= A8 the d71A d
Autylgs9] Ast mie & ZiE LERd Zlolt.
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MSe Yete HEORY, FWols OHZIZE EXisHAl €tk
Eoh OFAIFAIOME OHZF EXIGHAl HEE {7]12Q oZA|
oF F71EQl MSAIO] AWO] Aol 44 (SFdeheR
Qlsto] AHO] ZIE VKA He ACE AR 7/77
ESAloAE AWl mje £Q% RROZ HAAdsl & JF

S Foidth &, 1dY0] AriEo] ESEAEY FAE 2mm
2 ddoHl FAEL, ZAR ol "ol dEE X8

1kV/s9] E¢40] o]0l uf, oJZA] X0l MS, MA R}S] &
A2 EeEs Fcte 23k 4tk 2l aWEeRr IHeo]
Q7islo] setd uwl, WAIA ZHYet oURE FoHA He
Aot oligt 2 oUAIE zhe AP} w45 dFAIFAIG
R71200 Aol S u AHo] FolA dgE e =
Fo FAFAR FEoI] BN ThEEst W2 oz
olssHAl & & Utk dEju FUIER dxks SH6iAl ol
miEol §E Al Zom FAuZE ojuA Hrk olXd A
o] ofetd HAte] == Qo] gA olsd=7t B8 0IR]
A ok Jeuh MASl Z9 AAF HollE OHZI7E EXfeA] &
7] wizo] tiRlz Aol i Foret Mejoltt. I¥ OlfE
EMACY] 4% AATRIZE7t FOIZAFAI A Ze &
o] 2ikE A & Aok

o] thst 23k 29 29k TI7 304 HOFR50] EMSC_60wt%

A

(@]
o
A
T

9} EMAC_60wt%2] 3000Hf HiE€Z ZHE SEMYolA &
RA50], MAS] AE AR Aol e 2t AEjS
& 27} Qa1 oJ9k= BHHZE MSO| AMES M F&Es AEHYUS
2 & ok

TS MSeF MA QAO] HIEQ] xjolg & <7F AUk MSO

A HE2 gutgog Fd<o Aol EXstAT eF 0.15~0.2
HLE UEhiM, MASQ A% og 7IX] Ao wet Role &
ASHAIEE LEPE O 312~396 AEE Zerh 42 SR o
A2HE MSQF MAS] AL HIEXIO)= 19.8~21.4H19] x}O|E LIE}
Wil et ofM™E AR MSS] A MA HIGHY] ATHE S
2 B2 7 +AURE SgEs 2 71 At QR 2o
Hess B4 42 ojgd30] JAAT dEE40] O]FO0AH
AR B2 A7t 49 DA olsg IAlsts 2t =
A & 7F ATHI3], HE FR0Ue] 49 ATiRoRE QA

7 AA gYElol gduigol 2 gge FA 2ot 2iE T
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gt 2oz AEELL

LeiRte] Sde HIESo] e A2 HgHso] mje 7]
o] g Sgoll tisiA dRerE BY] tigol A2 g9 &
Ygor & FA9 83 7IA & 47t e Aotk J8u o
2ol 24 &, S8 0] EAfs @5ld A9 gake Hlof
SHAl ETH14]. npolA2ATIFIeh LieAe|7te] S8t
g AAuZEE Midskes 2 8N de
12].

33 7148 B89

321 AFA:
3.2.1.1 EMSC SXg=Houe A8B L ES
8 61} B 30ke AdIZAl ¢A0] HEENE 2= M
XSk 40, 50, 60, T0wt% ZIAA QAAEOl THrrAnt
2 2207 UEQLE T8 # 304E olEERe
S

o2E 9] ZutE LERH ZoIT) HgAZAIFA A
ALuten|E o] A= 71.83MPag LFERAQL 18] Y8o)

e @

11> oz © ofw

Probability - Weibull

99.000

90.000

50.000

10.000 -

/

5.000

/
i

Cummulative Probability Percentage[%]

S
@ High Viscgsity Epoxy E&I
Il High Vis¢osity Epoxy Resin/Random Shape Silica_40wt% Composites
' High Viécosity Epoxy Resin/Random Shape Silica_50wt% Composites
P )z High Viscosity Epoxy ﬁesln/Random Shape Silica_60wt% Composites
/// ¢» High/Viscosity Epoxy Resin/Random Shape Silica_70wt% Composites

I
000 Tensile Strength[MPa] 90000

J8 6 EMSC SXgEonE 84 : B4
Fig. 6 Tensile strength characteristics according to EMSC
contents

1.000
58.

# 3 Fig 69 20|18 £X9 S4uleinH
Table 3 Characteristics of the Weibull Plot in Fig. 6

ANFRIE 71F02 EMSC X 7148 E441E Hiust
AIMEA, 40wt%oIAE - 09%, Sowt%olAl= 1.1%, 60wt%ol
Ae 293% 813l T0wt%olAE 17.13%9] AFoZAI5X| 9
QIFZTO HIgt] EMSCE d< SXg0| S71eeE 7|AA
QFAAE Aol SIERICE MS EXg0| Z7IE+E 40~
B0wt%olAE AF Hsse UEINARIT 1Eest SX8H=9]
ALM0wt%) 1T13%ZA M =2 7IAF ABBLY EH0]
ShE AWE dA FHALC

3212 EMAC EXgZouE 8d: EY

a8 71 ® 40)Me AFZAIeAlo]l MA LS 40, 50,
60, T0wt%oll thet 7|AE QEAZ4E ZAIE QIEEECE L}
ERAQICE HF o|ZAIRR|9 Q4 E AALuinee] At
= T71.88MPaZAl, MA ZZ7ghd EMACY &2 AA Lt
ZHEQte] A9t Hiwsh Al 40wt%holM= -25.27%, 50wt%
OlAE -64.84%, 60Wt%OIAE= -2298% 12|21 TOWt%OIA=
-1911%2 MA SREH0] E71E48 7148 AF8%9 Hs
o] oite Zulske Z23E ALk BHiE MAQ] Exlgeo] &

>

i
to

Probability - Weibull

99.000

90.000

50.000

10.000

2000 @ High Viscosity Epoxy Resin ]

B High Visgosity Epoxy/Sphere Shape Alumina_40wt% Composites
A High Vidcosity Epoxy/Sphere Shape Alumina_50wt% Composites
W High Viscosity Epoxy/Sphere Shape Alumina_60wt% Composi
3 Higy'viscositv Epoxy/Sphere Shape ’Numina_mwt% Composil

/ /

Cummulative Probability Percentage[%]

100% o00
: Tensile Strength[MPa]

J¥ 7 EMAC X8| mE A4 E §4
Fig. 7 Tensile strength characteristics according to EMAC
contents

E 4 Fig 79 9ol EF9 E-uietnlH
Table 4 Characteristics of the Weibull Plot in Fig. 7

Types of Shape Scale B10 Types of Shape Scale Parameter B10

Samples Parameter | Parameter[MPa] [MPa] Samples Parameter [MPa] [MPa]
Héizlesgeossiﬁy 95.69 71.88 70.20 Héigx;hsg:;ﬁy 95.69 71.88 70.18
EMSC_40wt% 35.49 71.23 66.86 EMAC_40wt% 37.16 53.71 50.58
EMSC_50wt% 22,11 72.68 65.64 EMAC_50wt% 14.00 47.81 40.74
EMSC_60wt% 19.28 73.99 65.83 EMAC_60wt% 49.74 55.36 52.88
EMSC_70wt% 25.18 84.20 76.98 EMAC_70wt% 4398 58.14 55.20
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55 JgdEe B diornt v ddukeiEel 4
50wt%olAlE TAIEQ <o Histo] ¥ 718718 2l O‘O
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3221 EMSC SXggous =32 &Y

a9 81 ¥ 50lAE olZAleAll B7 = 40, 50, 60,
0wt% MS TEAES ZIZL SFZUE ol Z2FRoZ
LIEFH Ziolt AYOIZEA] =R]9] &AL (FHL4E)9 AUt
SHIEl= 126.62MPas UERAQICE B9 E, dYoIZAlS
Ae F940] TIAENGH] ol oet X @1 dARE ¢
oA ALyt EXisH "l a8 o19E Tttt Fe JAA =2
HZLo AW Moz g = Qirh. JEL "o I
Z HgolZAI=ROl thst MS SRS EMscsa}Ol 7145 4
52 dHul g@ristolE o, 4owts EF Al AL -18.05%,
50wt% BZX A9l AL -1576%, 60wt% %X Aol AL
+9.36% 123 TOWt%O B +12.26% 2A, YSoZA|E=K|0)

Probability - Weibull
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Table 5 Characteristics of the Weibull Plot in Fig. 8
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Table 6 Characteristics of the Weibull Plot in Fig. 9

Types of Shape Scale B10 Types of Shape Scale B10

Samples Parameter Parameter [MPa] [MPa] Samples Parameter Parameter [MPa] [MPa]
Hélgjgx‘y’islss:frtly 35.10 196.62 11877 Hé%g){y;f;ﬁy 35.10 126.62 118.77
EMSC_40wt% 27.87 103.76 95.77 EMAC_40wt% 2691 99.48 91.48
EMSC_50wt% 24.15 106.66 97.18 EMAC_50wt% 24.719 109.65 100.06
EMSC_60wt% 42.04 138.41 131.16 EMAC_60wt% 22.60 119.96 108.66
EMSC_T70wt% 46.24 142.15 135.44 EMAC_T70wt% 26.14 124.95 114.63
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