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Abstract: In order to application for high voltage heavy electric equipments, epoxy/microsilica 60
wt%/mano layered silicate composites (EMNC_60) and epoxy/microsilica 65 wt%/nano layered silicate
composites (EMNC_65) respectively was synthesized by our electric field dispersion method and the result
was obtained completely dispersion state. Thermal properties such as glass transition temperature (Tg)
and thermal expansion coefficient, and DMA characteristics were studied, and mechanical properties such
as tensile and flexural tests were performed. AC electrical insulation strength was also tested. The study
on thermal property, EMNC_65 was better than EMNC_60 and mechanical electrical properties much

improved EMNC_60 compared with EMNC_65.

Keywords: Electric fields dispersion, EMNC (epoxy/micro/nano mixture composites), High voltage heavy

electric equipment, Epoxy resins
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o7 ZRwdFLUYolE (montmorillonite), AlEUo]E
(saponite)¢} #EL}o]E (hectorite)7} Tt [6-7). =L
E& dvtd oz Y AV|std HAaggoeR niz
vEgA Yz FHd AdHH A dFez B
g8 71 Aot ZEA dEY2 | Y= YREA
&g s7] A%, A= (20~1,0000%x(20~1,000)x1
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ANES AFAA 39, o8 7 EYHE A=
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He Y FEAER A3 olE F 7F Ale] #
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Etol o3 ol ZFA] vlEYAS] A7|H 5A Fdd W
g A7t masEolx gt [8-101. $-2] o]He] ATl
A EFA Yx FEXNES AYUE deFAolEY H7}
o o3 EIUF F4E JehiG [10. 23
Tanaka®} 3% 7= [9o] FAHF Fx FolA]
AZEA 34 AANE Yk FEANEV F579 7
S0 Hlste] FojHog g A EAHE Za 9
&€ Budgt £ o FA|/mte]l a2 YA/ A At
£ FTIAES A 3 YA JNAH 54
agn A7 54 F3o] g&& 2ad o [11]

B dAFdAE dFA/melaz A deFd
AP HE FEAE g vio]aR Ae7te F3l
% Wzt (EMNC_60: ol FA|5=A]/vlo]a2 A7}
60 wt% (2925 phr)/v=F4 A AoE (1.5 phr)
FEAE, EMNC_65:9 FA|4=%|/vfo] 22 A7} 65
wt% (362.14 phr)/UYx=34 AgAE (1.5 phr) &
¥EXNE)E F% 934, 744, 2714 EA4& FES
A ol FF HLstnx I} 1Y¢ FANIY
EZEY W], AZE AF7), A7, ke
284 7]9| (gas switching gear) 183 FEAEo|
2 5 19t Agr)7)el HE3shr] Astd AFEHd

2. A Wy
21 M=

Ao AH8E 98t 498 DGEBA (diglycidyl
ether of bisphenol A) E}{] lZFA] 74, YD-128
(Kukdo Chem. Co.)o] Al&=HH. 1 Fx9] 1
3 % (equivalentweight)2 184~1900]x, A&+ 25T
oA 11,500~13500 cpselth. AFAE FEFBLR
HN-2200 (Hitachi Chem. Co.)$] Me-THPA (3- or
4-methyl-1,2,3,6-tetrahydrophthalic anhydride)?} A}
59, 2R FHY7] Eobdl FAASHA ASHI
ole= Aotk A3EAA2A BDMA (benzyl-dimethyl
amine, Kukdo Chem. Co.)7} ARS-H %It 28]x 54 4lE]
AllERZAM (laisite 10A (Southemn Clay Products, Inc., USA)
7t 5 AgFAClEREA AR oA UdFY 47}
geFo2A 2MBHT  (dimethyl-benzyl-hydrogenated
tallow quaternary ammonium)E A< Erd 2o
o] E (montmorillonite)ol]l #718A1Z1 Zo|th, IR
AHE37) A AFLEOA 120Tx24 hr Ax3H% T
ofo]az AJtE CA-00200.2 FAYE A7|&E 2
um A EFE AHE3AT

2.2 HIZFAl-Olo| 2 2-Ltc-E8 BEXE H=

EMNC_602 ol ZA] FRd vlo]laz A7t 60
wt% + Y24 AgFAoE 15 phrEs 9ng Aol
o, 2831 EMNC_65& oA Ao wlo]Zz 4
2]7} 65 wt% + Y3 A AE 15 phrE v
g ZAolt}, ¢]5 EMNC_ 603 EMNC_655 A Z3}7]
3te] Z+Zk DGEBA (100 g) wlo]2= A&7} (2925
phr)¢} wlo]az A7} (362.14 phr)E FIAZ F
500 rpmo. 2 7] Al H wuty] (agitator)E ©] &3t &
gatd. 28l A7 BAE [12]18 o] €314 o
ZAN/F4 AYACIE YxYAE £4HAA THPA
(80 g) 221 BDMA (0.9 g)& 200 pmo.2 FAg
Efo] H=Z . F A FEAEE ¢339 2
o8 14 @Ek7|E 5000 rpme] S22 FaLcE
EIANZ F. 2 F AF B YA 2% Ay
Aot 12 A}xHAo® 1200x2 h, ¢AAFE 93
of 22} A3} ZASZ 150Tx24 hr2 FH38stdd.
AFAZNRL 23 2L =4S ZEe A A
FX o 93t TAA AT
(1) A= 3 A 50 mm
(2) AgxAdY: 11 kV
(3) B& ALFH5: 1 kHz
(4) A8A17k 60 min
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Fig. 1. Inner Morphology of EMNC_60.
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a9 1dAE degad 34 Ao Ese} wlo]
as A7t Y49 "sr EFE EMNC609
EMNC_659] W7z vlgde g2lsr] & @Az &
nez A FAP ENMC_659] WPrzd Fx2&
Holx gt

ZA4u = A AFg vieh 2o YA
°|E 15 phro} nlolaz A7} 66 wtk7t EFF
g0l Al 100 nmollA] #Fagct. 242
ZACE Y g SAdg w2 3o Q9]
U A2 £45HAZ RE B 71 ok E=3 vl
ol Az}t U YAL FHF EAto]l o] FoH
2 ¢ F AU o Uy Fx= A7H, 714
A, 43 A9 F4E M A Hol, AdARZA
o] g 7}s¥ AdAEE B 471 Ao (13
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Fig. 2. Glass transition temperature of EMNC_60 and
EMNC_65.
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2 A7} £39 FXAE9] EMNC_60, EMNC_65¢]
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9] anchoring &35 A 7] WiFEo2 ARG
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Fig. 3. Coefficient of expansion for EMNC_60 and
EMNC_65.

a9 A= CdEFA Ad7jFez 4 AHEd e
4 AE A ES nlo]lag A7} E3E EMNC_60
% EMNC_65 2A 50 it dAZA+ S4& e
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ZA AdelA @ o|Fe 7|98t w7t e
A . 294 dFA FA= EAAY 2 4
BF AFE 47 $istd vlolaz o B ¥
FA8A ot wo]lag A7t ol Y=gz =
AaHA FRE WEFER7E e dHZASFA A
7] ¢ gttt

o A3AEe] A7 Ay FAAAcESE £F
3 Egjojulol= T EonE 7wk Yk F¥EA
Eo dHZATFE 71E dEAFA B 9 g% &
ki st vk 1 olf= mEAAAS g3}
o] 5% (relaxation mobility)7} ZEx}/A2]HE A
He A7) Wl [14,15].

3.2.3 DMA E4
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Fig. 4. DMA
EMNC_65.

storage modulus for EMNC 60 and

29 4014 EMNC_603 EMNC_65 th3t #3gt
A& 54L& vl gl vlelaz delgte] F
Zligteke] wE& DMA A&¥A & (storage modulus)
EQog 40T FEAddME 7,759 MPadlA 9,663
MPaZ 1904 MPa°o] #4503, 130T F-7dol A
T 678 MPa7l &4d A& 4. £ wlo]a=
A7t FAF 60 wtkolA A vAHZE B9
A AEE A9 40T FFeolAE 7,759 MPadl
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t} 130C mF-2eEjel A= 2,001 MPaslA 2,863 MPa
Z 862 MPa 718 7} &koh
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Fig. 5. Tensile strength for EMNC_60 and EMNC_65.

Table 1. Weibull Plot Table of Tensile Strength for
EMNC_60 and EMNC_65.

Tensile Strength
scale

shape B10
Tewes parameter AT (MPa)
(MPa)
EMNC_60 128.86 101.9 100.1
EMNC_65 67.07 97.42 94.3

fitted line®] 71&7)7} AW F42 Ly AJ#H
A3 A3 E SHE onjste Ao, o=
A71719] AAr 2L AAS=d g fE s
434 9. 2gn 2AY I EHe 632%9] F
AFEE (%)A AFZ=E JeRA gtold, B10 3
& 71&719 Has] 10% mFoA AFBE wGe o
v &= Aol

EMNC_60] 4] EMNC_65% vlo]zzAze7t %3
&afo] Z7}gto) ule} 63.2%9] FHEEQ AAY 3}

= off ™
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ZtolE = 1019 MPaolA 974 MPa2 743 An&
dew, F4 vy SRS 12886904 67=
#aE A, ol #FAA ok 2AY seivH
7b F2F 2HE YU ol &I i B
olzg| 5% AA 3 vlolaz FAHF =
< A3 ofzte] $3E F-Eo EAE Aoz uyd
o olAY dAe] $HL ARAA FHo] HoAxn
o] AR g F2AIE= T8 890 &
o [16].
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Fig. 6. Flexural strength for EMNC_60 and EMNC_65.

Table 2. Weibull plot table of flexural
EMNC_60 and EMNC_65.

Tensile Strength
scale

strength for

shape B10
Types parameter (MPa)
P (MPa)
EMNC_60 41.6 174.3 165.1
EMNC_65 53.7 166.5 159.7

a9 63 & 2914+ EMNC_603 EMNC_659] 7]
AH SRZE 54& dolE FFo2 Y

EMNC_60°14 EMNC_65& vjo]= g2 A7} 2
grako] F7htol wel 63.2% FAEE AAY e}
U] e &= 1743 MPaoll A 1665 MPaz2 #ad ZAxs
AU o] AZREREH FAFFo] F/NYFE 23
# 78 MPao] Z2aHE 232 A AFZFE9)
BA4AYE 2AY gug SA4gko] gade olfE
SR va BHolxo] BHFF A violam F3

A48 A

3.4 M7 §Y
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- L ]
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Fig. 7. AC insulation breakdown dtrength for EMNC_60
and EMNC_65.

Table 3. Weibull plot table of tensile strength for
EMNC_60 and EMNC_65.

Tensile Strength

shape scele BI0
Types aipstse  TODIERL e
PRISIR (MPa)
EMNC_60 868 8141 62.6
EMNC_65 852 64.74 190

a3y 79 # 39AM+= EMNC_60# EMNC_659]
ACHAD Y Bx, 7143 3735 5oz gold
5 9 S5A4%E Jeuddg B Ao ALg§
A T A 025 mm =3 AGEA FF A=

2 AHgdgen, USRS 1 kV/se £x2 44
o] #F #38 A FAFAL FH A FAR
BEEE AAEHAN AAEHR, HdE Dz
FH4 ﬂﬂl% AAST. dAgae ALEE AE
AFE 124 Agsisied, 2 23 gL 25 g
& EX0E EAAY. A A4 AHgHT de
A T BFoEA EAZATe FEH} 7AH
549 S A4 Add FAFFE A&
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Ak, E AFo|A FHEES} 632% AAY uetv
B @& A3 7+ Ag 025 mmolA EMNC_602] 2%
8141 kV/025 mmE uYeERiAE, EMNC 66904 =
64.74 kV/0.2 mme] A% Aok ol EMNC_659
H]3te] EMNC_60% 25.78%7} &€ Aol H3t
BI0FH & FHEE 10%0] o2 goz F47|
719) AAA S FoF 847 A3ty Yot o
£ Aol dztEHol AY7|ZA A Muj2E o
Adnye] FOREL 7MY Aol He FEAA
3371 dojd. 3o HARIs HAHA A
Axte 2 AFFF 2 AFEE 47| "ol 7}
Z o HE9 AIAFTE ved AEE HA A
. 23 o]f2 BIOFHES ¢ F83 detugol
=3

B A3 Ade]A EMNC_602] 7$ d4devgs
a#H e A4 626 kV/0.25 mmo| 2, EMNC_6500 4 =
496 kV/0.25 mme Z3E A9 ol EMNC_ 659
A EMNC_609 W 26% 45 Ajo|t),

olfre WH-Txe] #ae] Ao B o EMNC_60
o] A% YUk fdFd EAT violazglzle]
#A3% 2oz 3ty Xdd z23& 21 UsS
E 71 9tk ol TEMS] dAtolA HoFEg %ol
7148 EAAME ARAZE 2 2F3AE BASAH
B ZE7t Folx = A vty oz F44 A
olE Yxazt #ASA A F, &AF vt

LIS ML LRl

Aolip AW H4E P4 /AT 5 A 29
4 BEG vholazAe] 0z vEad F9o
$39 220 EAdAEE ¢ 4 AT 07

4. 8 &

& o] &% A FA-UxFF Ao Aol
= % 43S o] F3U1, vlo]az 4
FRAANZ o FA/prelaz A/ YT
A AYAE FEANEE A=x}AT. 1 AR} TF
A, 944, 7|44, 4714 544 0@ g} 2
AEL 22t

41 =% BY (TEM £4)
EMNC_602] 749 Au&< 100 nmolA #2353

. 24 AAACE Yrate $A7 welz As
o RS YAz Bageld 298 & 57 3

o % vtolaz dRsh gt AT Bkl
oFolHee ¢ 4 AT Te EMNC_65) %
9t vholaz B9 o9 FVY 4 G

4.2 €93 Y

e ol 59 Z$ EMNC_60% EMNC_65¢ 7
§ FEAol&E F7he v YgEdd. gy E%F
9] 79+ EMNC_60914 EMNC_652 F71&+
2.7 um/mC #4de A& dUY. Ed &%
slo] e ?ﬂ%E’r/‘é%oﬂ g A3 ] deeA
FReAA FAFF] FHETFE ZA F7HEA

_ﬂ_m&m;ﬂ:

43 71AH 8Y

EMNC_60¢] 7% EMNC_659] 4|3}
FAgFo] FNETE 23y ¥ € 23AE}
A2de ZHE AU ol EMNC609 7%
TEMS] 44& HoE F JAAT EMNC 659 7
+ B99F F71 i 1847 EMNC_60°] 729
A Yxegate] BAE 7HA AT, EMNC_659]
A4S UEAE FS B $3E FEo] ¢A BAits
A B3 FRo] EAss 9oz 1o,

nlo]l 2 &

4.4 MY 8Y

EMNC_60° ®]3le] EMNC_65° 4-F 63.2% 4
g9 2Ad dHIvge HARH ZE= 814l
kV/0.25 mmelA 64.74 kV/0.25 mm= 1694 kV/0.25
mm A& (25.78%)% At} vrE ®¥H 3 EMNC_60
o] EMNC_65 ®tt 2578% T4 A&<S oJvldh= A
oltt. olo] tjd o|frE 7|AH A= M71H At
7 Zxs ZARAE 7HA F Aok Yx=dAY oA
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