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Abstract: In order to develop electrical insulation materials, epoxy-nanosilica-microsilica mixture
composites (ENMC) was synthesized, and mechanical properties such as their tensile and flexural
strength, and AC insulation breakdown strength were investigated. Properties of mechanical strength and
AC insulation breakdown strength are analyzed as scale and shape parameter with respect to weibull plot.
Their tensile and flexural strength, AC insulation breakdown strength were compared original epoxy or
EMC to ENMC. The 4 phr nano-silica addition and the 65 wt% micron-silica mixture composite (ENMC)
was found to have the highest tensile and flexural strength. In the tensile strength was improved 29%,
and flexural strength was improved 60.9% higher than those of the original epoxy. In the insulation
breakdown strength, ENMC_4 phr was improved 17% and ENMC_5 phr was improved 15.8% higher than

those of the EMC.

Keywords: Nano silica, Epoxy resin, Insulation breakdown strength, Tensile strength, Flexural strength,
Epoxy-nanosilica-microsilica mixture composites (ENMC)
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9] ol ZA] 42|, YD-128 (Kukdo Chem. Co.) ©]
Abgslol k. I X9 ¥ 3 ¥ (equivalent
weight)S 184~190°]2, d=+ 25TCelA 11,500~
13500 cpselth. AgAE= AEFHeR  HN-2200
(Hitachi Chem. Co.)9] Me-THPA (3- or 4-
methyl-1,2,3,6-tetrahy—drophthalic anhydride)°] A}-&
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Fig. 1. Surface treatment process of fumed nanosilica.
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Fig. 2. Preparation procedure of ENMC.
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olFu FZ 7% ZAL universal testing machine
(SHM-C-500, Shamhan Tech, Korea)oll ]3] o] Foj At
A ZAANHES JIS B7a2e] A st 22]a 2% 2
3¢, 50% il Fx=o0A crosshead speed”t 10 mm/min®]
2xg 2R 25 PN ES JIS BT daL 3l
A 70x10x4 mm 7|2 A=At Span length= 50
mm 12]3 crosshead £5% % 233} FY3sHA 10
mm/ming 2L 2% 2 FE solA] o]FoiFh wFA
odujy] 4L FuT AFudolA A=A [14]. A
Zo] A28 740 mm stainless steel 7+ AFoz o3l
on A= 7+ AglE 025 mmz sk AlHo] Aol
A7 A2 AC endurance voltage tester (Haefely,
Germany) A2 1 kV/s $¢&EE2 A9z dojd
w7HA A7kE AT 9F A%, FRAE 2 Aag
AEE ool EAFEA 9sld FAHUGT [262829).

3. @3 ¥ 1
3.1 714 &4
3.1.1 o1& 2%
Probatiity - Weibul
99.000
 F0000 <> b 4 A = -
& * v A m =
n - = * - A @ Ld
- > 4 A = -
> A m -
4 e ¥V am -
i e ¥ am -
g b - 7 A m -
000 paapsied
0%, 0.000 100.000 20.000
Tensile Strength(MPa)

Fig. 3. Weibull plot for tensile strength of ENMC
according to micro silica filled contents variation.
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Fig. 5. Weibull plot for tensile strength of ENMC
according to nano silica filled contents variation.
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o o2 AUEA F4E AAE oG,

Rong MZ [22] 59 97#HEL nanoclayE PA66/
PP FXAEC FH/AZ A 9F BEe FHE
Busdi gl o|E nanoclay EHI ol #AF
nanoclay 9} i&2t¢l 43 87, nanoclayet PPe] 7
$#4¢ 193 nanoclay®t FHA-FXAY FZAE
o o&dn YL wuEgrt =3 B. Sureshat
PA66/PPell nanoclay$t SCF (short carbon fiber)&
E5g FEAES 9F ZE FANA nanoclay$t
SCFe] #AEAY 1E Alo]9] 432§ 2 3y
AF ZAxe F7HE wasz . Hde 71AH
EQe 33AEA SCF (10 wt%)$ nanoclay (2
wt%)e] &3l HAHe EAS JeEdo o=
PA66/PP% 9l SCFol| nanoclay®] #7tell 7]Qlste] it
2zel 24 (SCF) Ale] AWAgE FaA 2
gbof] 7)¢18t}. ®§ nanoclay YAHEol PA66/PPe
Z29 SCFd A9 Add sty Fele= 2§
go], Ado ARE % AN AF A=7t ¥
¥l ZAolth. Farzana Hussain [24]& % ZE9]

A2 282 W Sdole BEg4AE w2 1T B
ol= Bl #E Bm3gon EIF Y AR
LA Ak BHo=E AAE AF BEE FEAI717
918 F23 FARA AW FEAHA Fe AFF
2 Zo|x Aoty YAt &L ABAAM GFoR
Hojxi v E LR o] AR BEE F2AIE F
23 2<le] s [25].

312 283 Z=

Flexural Strength Measuring

180 4 | Microsilica_3pm
Nanosilica : 10nm /

170 { | Nanosilica Filled Contents:dphr

2

=
=
L

Scale parameter of Welbull Plot
for Flexural Strength(MPa)
g g

120

Ll T T T T T T T
-10 0 10 20 30 40 50 60 70
Microsilica Filled Contents{wt%)
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Table 1. Weibull properties value for insulation
breakdowm strength of ENMC and EMC.
Shape Scale BI10 Life
Samples Parameter Parameter (kV/0.25
(kV/0.25 mm) mm)
pSi02 @ 65 wi% 46742 61.9730 383
ENMC_4 phr
(pSi02+Nano 76412 72,5634 34.1
Si02_dphr)
ENMC_5 phr
(nSi02+Nano 65.0099 71.7380 494
5i02_5 phr)
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F2 o] g3te] BAZ A uUx YAE HHRLE
A 4 datv e S7HEE 4938 A9 (28,29
B AT 799 dxsta YY) o] A UF o FA]
FARYG Uk FEAES] AAdny wFiYFelA ¢
AEe ong Aoty £ dAF A} EMCET
ENMC® A% 238 34 denezt 24 HoA
AL ddnart #2338 HHdA R gE vl
= ourE A, A AALAYL & 4 Aok Y=
Azte]  Hrpel WiFd o AFAe] A4
Santanu Singha [26]F TiO: Y= 9A7F 01%< 4
< Adgz Zx7t FASA Z2HUAL, 05%] 7
$ g8y #Za=HUon, 05%% dold 3¢ 4zt
718 293 10%9 A%+ 05%° vlstd F&3]
g2 A3 E AU old °|~rr‘~ Ui A H7hE
o] ¥g v yix AR £ FHx 1 YA
Ade o QAN 21449 nE#EA Y Fo] H
S AAN AR =& Hol =8 1EA F

o Ast Aozt QA HAEEH7] WE HA s
257t dAH A, a8y 1% ooz 7tk
Z7betA =9, U 4Ae] 7 2A FHE AR
ZF Atelo] A7t FolHdAM =& nEA Fo] 9
= 2342 7HAA g 2 A3 AF Ale] A3t
o] 50 FYog zFgde HAAE 7IHA B4
Y 109 A$E 1¥ 99 golE EX9 54 #d
2A1Y dein g AxE YA
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4. 4 &

FFYE 10 nme Y= H7E &9 Ay
WA F A ZFAFA ] #4F AA7| L, vle]az 2
2712 &% ENMC (epoxy-nanosilica-microsilica
mixture composites)2 AZF3Ac. 21 Ad 7]AA
(A% 2%, 237 4E) 549 4714 54 (17 2
dAvy)e dA7sAT. 2 A9 ey 2 ZES
A

41 714 84

A FAIFAY i A7t RS
Bargl Aol mlojlaz AHe7le] FIAFFE 71
(25~65 wt%)A 4 o JAF BEE F/HHE AHE
Ak PHZA Ao u]ste] ENMC (4 phr+65
wt%)ol o3 sfolEEF R 2AY HevEHe 107
MPa2A 48 v]3te] 29% F4€ 23E AU

Yics} vlo]Aazrt EEo] £AAZ A3 A4
AF Axe Fg2 Agst U FA7)9 A FA
ZAsrg A 2AE F223%e oz AW 54
gAE Az RAAL =3 TIPS AS 9F
Zx9 fAE A%E A 9em, ENMC (4
phr+65 wt%)ol ohg 182 MPael Z3E |9} o
ol st oF 609%9 ZA FFE AHE AUt
o2 Yo} nlojaz s EFE FIAEV}
FA71719 AQABREAN ZIAF EA HFdH,
¢ S 292 FF ARIAER H8 e A
oz Algd,

A7} (4 phr)ste]

42 M7 BN

A4 F47)7] 2Adel A AHgEn e dAx
Ae] o] g EFA volaR FEAEE o] &L
Ak 2 A Ay FEQ olE FF9 2AY
gtetulge] gk EMCE 7|F22 & o ENMC_4
phre] 7% 17% F4=A3, ENMCS5 phro] 3%
158% Y Z#E AU 2¥AT B0 39
A= EMCE 71222 & o, ENMC_4 phre] 4%
41.25% A= e, ENMC 5 phrol 3% 28.0%9
F3E 7HA sk

FAE ol wholaz dEdle ¥¥ AE 4
X Agghe] ®atel os wlojaz At YA Ale]
2 Y A7t FFSA F3E A2 AAEREY,

e Azt 2EAT B4 3, S olFd
RS azol tHez Agad AN B4 (A%
A%, 22 %), 9954 (Fed 2%, 99
A% $)e Anrt AASA Re AaE AL
we B TAAA SolA old nRAs Y= 97
Apol 3¢ m&al Be $3 REou Ex vhe
Ho|E 193 she]dR HoE RN HE we
qdstae] 23g AHA AL o FRANE A
s Meolel 45 AA oA HABEI A%
a7l Bk
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