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Dielectric Properties for Surface Modified Micro-Nano Silica Composites
of Cycloaliphatic Epoxy

oo

(Jae-Jun Park)

Abstract - The surface of nanosilica and microsilica was modified in order to develop a high voltage insulation material for
outdoor application. The modified silicas were well dispersed in an aliphatic cyclic epoxy resin. Dielectric properties were
studied for 8 kinds of specimens: 1 kind of neat epoxy, 3 kinds of epoxy/microsilica composites, and 4 kinds of epoxy/
microsilica/nanosilica composites. Complex dielectric constants were measured in the range of 10-2~1.2 Hz at room
temperature.

Key Words : Nano silica surface modification, Epoxy/Micro silica composites, Epoxy/Nano-micro silica composites, Dielectric
permittivity, Outdoor cycloaliphatic epoxy
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of X8 71 ATt 7I2EAY] ARSFELS HEXOR Ol

2 Ao AFBE MEES te1 24t 18d RAESE o=
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Huntsman Co)E ARESIRICE OIZAIZHES 164~172 g/eqO] 1,
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Fig. 1 Molecular structure of epoxy materials
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Fig. 2 Molecular structure for surface treatment agent of silica
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Fig. 3 Reaction between microsilica and SIB 1140.0 (silane
coupling agent)
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Fig. 4 Reaction between silane treated microsilica and SIB
1115.0 (silicone degeneration epoxy).
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Fig. 8 TGA result of nano silica for silicon surface treated
with epoxy degeneration. (A) untreated nano silica (B)
hydroxy silane treated nano silica (C) nano silica treated
with epoxy degeneration.
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Table 1 Types of Samples

Specimen ER | Hardener NS MS

phr wt%
ER 100 40 0 0
EMS50wt% 100 40 0 50
EMS60wt% 100 40 0 60
EMS66wt% 100 40 0 66
50wt%+1phr+1phC 100 40 1 50
60wt%+1phr+1phrC 100 40 1 60
60wt%+3phr+1phrC 100 40 3 60
60wt%+3phr+3phrC 100 40 3 60
60wt%+3phr+5phrC 100 40 3 60
66wt%+1phr+1phrC 100 40 1 66
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Fig. 9 TEM Image of Epoxy/Nano silica composites

—a—Epoxy/Micro Silica_50wt% Composites
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—&— Epoxy/Micro Silica_66wt% Composites
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Fig. 10 Dielectric Properties for Epoxy/Micro Silica Composites
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5 —a— Epoxy Resins H
e Epoxy/50wt% Multi-Composites
—A&— Epoxy/60wt% Multi-Composites
—v— Epoxy/66wt% Multi-Composites
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Fig. 11 Dielectric properties for Epoxy / Micro/nano silica
composites
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Mgt A9z Az ot 3L AuEoZ HIfdgo] gAY
OIFZA] 1phr AFC] LeA27t YAIE EAIZIAIE HIE
Aol ties] A7) miEol mrolaz AElZE YARHE0,60,66wt%)Al
Ol WAt &4t Fo] WEEZo] &8 7422 A
Erh

O] no|AZYA] AFOJX|TE HIZHAO] mje Ho 1l
EAAQ1S] o]50] mi oA =Lt HE0] Tanaka® HE|-F
otHE[15] ¥ olEERE[16]3 Mol LRt SRIAH
oAl A Hm So] At dEEE 2 il It &2 &
St £0] o] uEAFAQ AgsHA "l old Agto] nol4
ZAE)7E YAIQE YRIAtolS] ZFAO0] FOIX|AL, Ato] AFEol &5

|2l o ZA|/ZHIWEE olo|T2-Lic A7t EEX|ES| RNMEM

Trans. KIEE. Vol. 65, No. 11, NOV, 2016

7¥slAl €tk 1 2y HSH ZotA Aol BA0IX] Eotes
5171 tiEoZ AlRHrE.

FREHY 49, SUFF 710 met FAEHEE dasidl
Ch. AFuE 2445 AEoR {AEMo] & 41 LEhR
Ch T2 goEAle] fAEde Fuart dagdss A2
SAe UERRIA ol npolazAelrt F2AE g A9
YRlsh= Zitolth

54 o|EA/MolARMEF A Bse WalE wE-
A EY YEEY

T% 1204 vlolAR0t Lhedlallel BEAERA AR
B 9 AElEAEE AN tlolazAe} 6owing 9F

SHA Sl LheAlgirel siFS 1phret SphrE T i) gtk
Halo] et ME2 RS I AIXE M2 QFENS

(il s

1 Z31 no]a2AE7 60wt%+UHeAE]7E 1phrE S8
HE|-ZZXES EMNS_1E 2|1 mlo]a2AIEF 60wt%+
L Ale]7 3phrgE S§6t HE-FEAEE EMNS_3E HE
T}, EMNS_1HEC} EMNS_39] 227t HIgRg 2% & xo|
o] Zuk= oA 08~0.12 BE &L HAgl ZAusS
LEMQL, Fatert UessE Hgdgol Srlehe Z1E
Aot

FEEAY] AL, EMNS_1HCE EMNS 39 497} &2 &4
O] ROIRT FMUPHOZ AASIYL, YAl Fuke Zao] wel
FREA] BUlske dgg UERNICE

O]R&= Castellon[17] ZEFOZ nlo]|aZ2AIE7IO] EXIgHEF
O] Bowth=Al B2 ol A7t EXE HEjolty. I3 olR
2 npola=E AZ|Fto] gkl LAt Zhe YEETE HIRA
g9 Edolle mie & IAE 2 rh

LI QIRLS] BibsEol met st 240 A
717} Yolx|al, it B4 SRE njREAtE ¥Yo] Exjist
W HfAgo] Ye,AHED 2 28 VIR HR0] gt
Bio] w055 Zull16]yt HE|-FoLE[15]9] 1o
L0 SE¢t EMog  1EX}F Folo o]z thgt ®lofe] 2
=2 HgAg0] Z4aulA Hr1s].

-

g 10
g =0
Ry
i
10
L

4.4 B

918 et FALME Ndalr] sl, ReE o|ZAlof] nf
ojAZAIEIZF W WeAlEFIe] BEHE JHESIICE ARE flo]
42 9 et 2HE S§sto] nojlaz Azt S2AE
35F(60, 60, 66wt%) 1Tlal YEI-FEAE 45F6G0wt%+
1phr, 60wt%+1phr, 60wt%+3phr, 66wt%+1phr)Q MZS RX
SIQC AZE MES 0|85t0] Ar2AEfolA] Futgs Hato] w
E REY AFE AASITL 1 Ayt 22 4 o
QACt.

1845



HMo|etsl=2X| 657 115 20164 11¢

1 O}ZAl/ HolAR Mgt FENE FEEY

AFNZA] $=K|9] AL 60Hz~1IMHzOIA 3.790~3.489] =
oA, EXEE St W HREge Tk d1E ¢
ity 1 ATt= thed 2ok 50wt%: 4.66~4.24, 60wt%: 5.20
~4.46, 66wt%: 5.06~4,529 HIRAES ZAIE AL A0
ZA0] AL Fake STl et fREAe 716k,

2. OIZAI/MO| A2/ A E)7} HE - ZAES RUSEY

npolaE A7t FEAEo] HIsto] mo]a24Ae7to] L
S FVket HEl-FEZAEY d¢ SU5H0A BIRHE0]
ashe 2iE AR ol WieAD7h AL nojazet &
H FZXEO Qo] ZAlge ARlsks Ao Zoigt dif
o, Fuke g it S7kete fA5de UERIRICH

Eoh L @lALY] Sdetds S7I6to] noja =gzt 60wt%
ol 1phr F7lek= A Hrt 3phrE AVlste A7 RREL0]
oKl gaoltt. ol A9 Adde Zdleke daE U
AR wd FHAl RASHol HSH dag 20/, WAk

4o 2% F5Ee Slshe QUoR A8E Zow

o o\ e

i)

AFSEITH

References

[1] S. Kumagal ; N. Yoshimura, “Impacts of thermal aging
and water absorption on the surface electrical and
chemical properties of cycloaliphatic epoxy resin”, IEEE
Transactions on Dielectrics and Electrical Insulation,
Volume: 7, Issue: 3, Pages: 424 ~431, 2000.

[2] D. R. Domingues, and A. S. Pouzada, " Influence of an integral
blend od silane coupling agents on the wet mechanical
peroperties of epoxy particlulate filled composites for
outdoor electrical insulation", Adv. Mater. Forum 1, Vol
230-2, pp. 235~238, 2002

[3] C. Beisele; B. Kultzow, "Experiences with new hydrophobic
cycloaliphatic epoxy outdoor insulation systems", IEEE
Electrical Insulation Magazine, Volume: 17, Issue: 4, Pages:
33~39, 2001

[4] J. Montesinos; R. S. Gorur; L. Zimmer; N. F. Hubele,
"Statistical models for failure modes of polymeric materials
for HV outdoor insulation", IEEE Transactions on Dielectrics
and Electrical Insulation, Volume: 7, Issue: 3, Pages: 408~
415, 2000

[6] S. Kumagai, X. S. Wang, and N. Yoshimura, " thermal aging,
water absorption and their multiple effects on tracking
resistance of epoxy for outdoor use", Electr. Eng. J. Vol. 131,
pp. 9~18, 2000

[6] Young-Shin Choa, Hong-Ki Leeb, Mi-Ja  Shimc,

1846

Sang-Wook Kima, "Characteristics of polymer insulator
materials:: Voltage lifetime characteristics of DGEBA /
MDA/SN system", Materials Chemistry and Physics, Volume
66, Issue 1, 15 September 2000, Pages 7076

[7] R. Sarathi, R. K. Sahu, P. Rajeshkumar, "Understanding the
thermal, mechanical and electrical properties of epoxy
nanocomposites”, Materials Science and Engineering: A,
Volumes 445~446, 15 February 2007, Pages 567~578

[8] R. Kultzow and S. Foxhill, Cycloaliphatic Epoxy Resins,
Presented at a Meeting of the Thermoset Resin
Formulators Association at the Hyatt Regency Savannah in
Savannah (Georgia, 2007).

[9] Jae-jun park, " Dielectric Properties of Epoxy/Micro/Nano
Alumina Multi-Composites", J. Korea Inst. Electr. Electron.
Mater. Eng, Vol. 29. No. 9, pp. 565~570, 2016

[10] Roman Kochetov; Thomas Andritsch; Peter H. F.
Morshuis; Johan J. Smit, “Thermal and electrical behaviour
of epoxy-based microcomposites filled with Al203 and
Si02 particles”, Electrical Insulation (ISEI), Conference
Record of the 2010 IEEE International Symposium on,
Pages: 1~5, 2010

[11] Yu Chen; Jielin Guo; Zhihui Shao; Yonghong Cheng;
Jielong  Wu; Toshikatsu Tanaka, “Properties of PAAM
Grafted alumina / epoxy nanocomposites”, 2015 IEEE 11th
International ~ Conference on  the  Properties and
Applications of Dielectric Materials (ICPADM), Pages: 297
~300, 2015

[12] M. G. Veena; N. M. Renukappa; Kunigal N Shivakumar;
S. Seetharamu, “Study of interface behavior on dielectric
properties of epoxy-silica nanocomposites ”, Properties
and Applications of Dielectric Materials (ICPADM), 2012
IEEE 10th International Conference on the, Pages: 1~4,
2012

[13] Santanu Singha; M. Joy Thomas; Ajit Kulkarni, “Complex
permittivity characteristics of epoxy nanocomposites at low
frequencies’, IEEE Transactions on Dielectrics and
Electrical Insulation, Volume: 17, Issue: 4, Pages: 1249~
1258, 2010

[14] Santanu Singha; M. Joy Thomas, "Permittivity and tan delta
characteristics of epoxy nanocomposites in the frequency
range of 1MHz~1GHz", IEEE Transactions on Dielectrics and
Electrical Insulation, Volume: 15, Issue: 1, Pages: 2 ~11,
2008

[15] T. Tanaka, M. Kozako, N. Fuse and Y. Ohki, “Proposal of a
Multi-core Model for Polymer Nanocomposite Dielectrics”,
IEEE Transaction on Dielectrics and Electrical Insulation, Vol
12, pp. 669~681, 2005.

[16] S. Singha and M, Joy Thomas , “Dielectric Properties of
Epoxy Nanocomposites”, IEEE Transaction on Dielectrics
and Electrical Insulation. , Vol. 15, No. 1, pp. 12~13, 2008

[17] J. Castellon; H. N. Nguyen; S. Agnel; A. Toureille; M.
Frechette; S. Savoie; A. Krivda;, “Electrical properties



analysis of micro and nano composite epoxy resin materials’,
[EEE Transactions on Dielectrics and Electrical Insulation,
Volume: 18, Issue: 3, Pages: 651~658, 2011

[18] Muneaki Kurimoto; Hiroyasu Watanabe; Katsumi Katos

Naoki Hayakawa; Masahiro Hanai; Yoshikazu Hoshina;
Masafumi Takei; Hitoshi Okubo, “Dielectric properties of
epoxy/alumina nanocomposite influenced by particle
dispersibility and filler content”, 2009 IEEE 9th International
Conference on the Properties and Applications of Dielectric
Materials, Pages: 749~752, 2009

A Ao A

gt x| &£ (Jae-Jun Park)
H718k8] =8A 62# 128 HE

Ol ZA/EHNEE Ojo|AZ-LprAl2|7} BEX|E9)

SHMEM

U=

Trans. KIEE. Vol. 65, No. 11, NOV, 2016

1847



