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AC Electrical and Mechanical Properties of Epoxy-Nano-Microsilica Mixed
Composites for Eco-Friendly GIS Spacer
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(Jae-Jun Park)

Abstract - In order to develop new insulating materials for GIS Spacer using environmentally friendly insulating gas, three
kinds of dispersed liquid nano composites of solid epoxy /nano layered silicate filled material were prepared. And the
epoxy/nano/micro silica composite was prepared by mixing epoxy/nano 3 phr dispersion/4 kinds of filler contents(40,50 ,60,
T0wt%). The electrical insulation breakdown strengths of the nano and nano/micro mixed composites were evaluated by using
8 kinds of samples including the original epoxy. The mechanical tensile strength of the epoxy / nano / micro silica composite
were evaluated, also. The TEM was measured to evaluate the internal structure of nano/micro composites. As a result, it was
confirmed that the layered silicate nano particles was exfoliated through the process of inserting epoxy resin between silicate
layers and the layers. In addition, dispersion of nano / micro silica resulted in improvement of electrical insulation breakdown
strength with increase of filling amount of dense tissue with nanoparticles inserted between microparticles. In addition, the
tensile strength showed a similar tendency, and as the content of microsilica filler increased, the mechanical improvement was

further increased

Key Words
tensile strength

LA E

8717191 GIS Spacer, EEHYY|ST 22 FAY7|7|9 F
oL} MAFEX] £ PCB (Printed Circuit Board)Q} 22 &9
ool 1HE FAHg QFEA|A Q7] wiEolH, 877 9
BAL A9 BEAME oZAl0] Qg nfoj]32 FEAE H 1}
Lo no]A27 S8tE FEAEQ FAHo] FEEE oot

AEe £83] =2 9 Ax4dy HWIEHe 7R
EAAZ] g 27Uk 282 7IARSREE 4ot
Q358 A7ietal ofARE olZEAl A2 Al Bl
Ael= HEYUT

OIZA] Ao =2 SR 2 =2 WIEHE &7 Qs &
Zot mo|a2 nig 32719 "yt g FojoF ShAJEE ol2ist
nfo|A257] 9] SR 23] oFAl ¢X|9 FHntdE
£ A gtk Z e dHie Zol, IGBTY] Ade ¢t &
718 2A Rg A28 EgAge Qtotal al[l], wekA
F7HA Rlgol thet mojaE "ejo o2 FOlQIX] et &
Q7 ULt ol ZA] f=xjof W] nrojaz i 29 53
7171 & AAREX|Q] Aoiut ohel dF, VAR, X 1

*  Corresponding Author : Dept. of Electrical and Electronic
Engineering, Joongbu University, Korea.
E-mail : jjpark@joongbu.ackr
Received : March 2, 2018; Accepted : June 27, 2018

GIS spacer, Epoxy nano composites, Epoxy/Nano/Micro mixed composites, Electrical breakdown strength, Mechanical

23l EAgolME dEe F7] dizo] A AFE TS
O Zgsith 1d d59 Yoz nolaz FEAE L
= g9 F7t ok A2 dY Aoke 1k ZEE £0= b
F8oItH2-6]. Tl el Lhe FE8HE HojA2 JSZXEs
O =RolM d&8E 1 Z=o edost Sde 1HE
Q7 Art2l.

J8U SQc A2 Uit S3dE HEAEe] 1h 3k
= 52 AR v "o 24k EEeh #o] it o]
oME S717]1 A9 2 A JxF gRl9 7] A &
H ExRlO #hol Sde Fil Atsieltt 71, eSSt
OJESt &2 g7t At &rkste 21 olZAl/mtola
2 AeZiEn 9AZEY E7keke 22 olnl A ATHTL.
EVA J2]31 PP ZEAu] Z&rt LHeSHARAOIES] |0l
Sl et S7ksks 22 oln ErsiAlrh8].

R A7AEe I 2US5dE0] U dul9] W2 gEge
FA7IRtorE SN HARITHI-10]. B2 &d PD)o=

oIt mW A TE AEEOR APHONT Ui, A L}
= EHE A/ ojEA 2 Bejojgui 22 BABEoIA

PDAIEEO] AEUA S7Fe 4 Tt [11-15]. A 2yt o]
QY] Aol 71xske, Bt AR ddEkE nojlaE 9
ol et SVishe 2oz HelArH17].

2 AoME olde sEe dFENE TIRSAE, &
AHE D e Aekd AAZEA0] Jid[18-19]1F O]of Tt o

2 ol

Copyright © The Korean Institute of Electrical Engineers 1181
This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—-Commercial License (http://creativecommons.org/
licenses/by—nc/3.0/)which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



HM7|8ts=2X 67 95 20184 9

oF olg W J|EHAIOFE GIS Spacerg HMEZ0] njo]32Y
Fojuo] JEE FHEZE o|&5IAal YAl 11710 ERZA
U718 slojord "QUt Qg ZeRE AlRErl 18 o|fE nlo
Az A7l WAt EQE olZAl/Le/aola2 A7t
SZEXES] A7IA, 7IAF 18la #32E 548 A5k

2.4 4
21 NZE

AIEEE oZA] X Araldite B 4124, A71E&He7
(instrument transformers), ~9&7]0](switchgear) &1} &
=2 7IAR gF 2|0l stebE AEEA RuiE ZR9 T
FEEN 22 7Y 5[V SUE FUER O]8dke $X
O|tt.
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[1SO 1675], &Eh= JIAHMERS] o ZA] 4=X& OS5I

B3lE= HT 903-12A], 584 9= 79~83TCoIH, Wie
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O|t}. nto]=Z 2 AZIYAL (MIFEH:SS0090, Al€FF2|ohe] H
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L= ZAAIEAO)E(nano layered silicateO]st NLSEF gttt)
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2.2 Epoxy/NLS/Micro Silica Mixture Composites®] AMEZ AxX
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[ B41 Epoxy Resin(Melting) }

B41 Epoxy Resin + Nano
Dispersion Solution
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‘ Curing Procedure ‘
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Fig. 1 Preparation of Epoxy/NLS/Micro Silica mixed composite
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(b)OlZA]/NLS_3phr/Micro Silica_60wt% ZZA|E TEM HA
I8 2 U=FEAE 2 Ye-noja2 28 FEAES TEM
g
Fig. 2 TEM image of Nanocomposite and Nano-Micro mixed
Composites
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Table 2 Properties value of weibull plot for Fig. 3(a)

Scale .
gi?;lezf Paigr?l%ier Par&n\lﬁzter Bl[?{\;]lfe Note
Epoxy/NLS_Ophr 41.07 44.45 42.13 | Reference
Epoxy/NLS_lphr | 113.93 49.00 48.04 10.11% 1
Epoxy/NLS_3phr 62.84 51.19 49.39 15.16% 1
Epoxy/NLS_5phr 45.35 53.44 50.85 20.08% 1

Probability - Weibull

90.000

[%]

50.000

Probability

10.000

A Epoxy Resin/NLS_3phr{Nano Composites
@ Epoxy Resin/NLS_5phi Nano c«/ﬁnposnas

@ Epoxy Resin o
M Epoxy Resin/NLS_1phr :m} Composites|
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AC Breakdwon Voltage[kV/2mm]

(a) Weibull plot for AC insulation breakdown
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(b) AC dielectric breakdown scale parameter for nano particle
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Fig. 8 AC insulation breakdown strength of epoxy / nano
(NLS) composite, weibull plot
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Table 3 Properties value of weibull plot for Fig. 4(a)

Shape Scale B10

Types of Samples Parameter Par[?{lilgter []ﬁf]?]
Epoxy Resin 41.07 4445 42.13
Epoxy/NLS_3phr+MS_40wt% 41.18 51.49 4817
Epoxy/NLS_3phr+MS_50wt% 36.21 53.07 49.88
Epoxy/NLS_3phr+MS_60wt% 29.56 54.41 50.45
Epoxy/NLS_3phr+MS_T0wt% 50.45 55.93 53.50
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1.000
40.
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(a) Weibull plot for AC insulation breakdown
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44 T ;
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Contents of Micro Silica[wt%]
(b) Scale parameter of AC insulation breakdown strength
for micro silica filling content
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A 2L,
= =2 A
Fig. 4 AC insulation breakdown strength of epoxy / nano
(NLS)+MS composite, weibull plot
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(a) Weibull plot for Mechanical Tensile Strength

Do%bs

Layeled Silitate+Micro Silica Co

90 4—Epoxy/Nan

88

86

84

82

80

78

76

74

Tensile Strength[MPa](63.2%)
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Contents of Micro Silica[wt%]
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I8 5 o ZA/LHE(NLS)+MS 2 XX EQ)

g E%

JIAA I8, o

Fig. 5 Mechanical Tensile Strength of epoxy /nano(NLS)
+MS composite, weibull plot

X 4 J% 5@ g oleERg
Table 4 Properties value of weibull plot for Fig. 5(a)

Sdgt

Scale B10

Types of Samples Shape Parameter Life
Parameter [MPa] [MPa]

Epoxy Resin 65.09 70.73 68.31
Epoxy/NLS_3phr+40wt% 34.64 73.67 69.04
Epoxy/NLS_3phr+50wt% 3841 77.50 73.11
Epoxy/NLS_3phr+60wt% 25.32 78.80 72.09
Epoxy/NLS_3phr+70wt% 80.45 88.75 86.29
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