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A Study on the Dielectric Properties of Epoxy Composites
with Frequency Variation
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Abstract

In this paper, the dielectric properties of epoxy composites used for transformers are studied. The
dielectric permittivity and loss of specimen are measured at the frequency range of 30[Hz]~1[MHz]
about temperature 20[*C], 100[C] and 140[C] respectively from a series of experiments.

When the filler is added, between epoxy and silica is formed interface. Therefore, observed higher
values of dielectric permittivity and loss in filled epoxy are attributed to MWS polarization effect.

Also, glass transition temperature was shifted to higher temperature and value of dielectric
permittivity and loss were decreased due to 2nd curing.

Deformation of interfacial state is improved and value of dielectric permittivity and loss were

decreased at low frequency region by the surface treatment of fillers with silane coupling agents.

Key Words : Dielectric Properties, Epoxy Composites, Permittivity

M2 A9 AsA 2 ARzd g TR B,
] . . SeH 4 Ad & U= FIAR2N aTHE
42 4ol nEH, 1758 ¥ GsE =
Aoh HaE gl @ wAAEel Ad e, x oo B Ada Aem WRLE AW,
Sgs Holtn Rene 4F AslY ads, Co) B AR AAR AE A= ¥4 2
29 B3 48 270k 83 FANE Qe & SO% S A7EAALRL i nEA, ¥E
Aol QT e ol ASHE nag e g 0§ AL AEA HALG 2as 43S
!:zﬂg_ik] NEA £AE Eu) AGA S =AY 44 dAAE T A7H $EERIA £ EHL
G eugesn 4e Eu stae) ga 4x dgx =o JFE T OAE fAeld WAD 4 % =&
3 REE S BANES BEA gn gds wg 9EH AM BE dRA4e AvS 28 H
~ 0 gel gold7tA #E BHAse ZAZA d A

i

1

=

{3

n3sle QASA FARAM F3AY FEo] A, 297 9.111}1)~3)
WA Sgel meh GRS, AHAD AHE T o0 aAeze 2EEs, reww, QU
o 4, UR Hol= w4 5oz A WA, 7]
R LEREEL A S4el wgaA Slol Adusl AeA %ol
* 1 Q73 ESHEG A o Atmrh AF G ms ddTAde zA
wex o (PNl EG Agtel gHst7] A A ASAHGA q@
s @Y A7 FRA AAd #Ee) E4EHY A4l Wasth oAe

o AFA7IAAA LA Az Ame AN 2 A2e A= ALel o} 7]

- 813 -



2ldE ded 4% Aoz A AA, B3
7ZE A%E AAse Az ¢ FF9 Ay 37
T3E AMste 4F A 43N AP 24
Bl 71x2¢ o]&F #My 19 EFo) FuA &
FHE Aolth,

g, & =@dAME dEA dEgdasd 104
Atol o] A RGeS} o] WE o EA] Bitae A7)
54 gdstuz EgAd dd fA5HE &
= 20[C], 100[C] ¥ 140[TClolA Fa+= 9
30[Hz] ~1[MHzle) X =R 8t}

2.4 ¥

2.1 AIBAlR

B Ay ALY AEE 1L e F2HERT
H] 2 ¥ =-A¥ (bisphenol-A) Epoxy, AFFEA4 %9
74314 MeTHPAE AH&8te 100[Cloi A 4A17F 13}
7333 ¥, 140[Clol A 10413t 2 A srat gk 28
I A3Ee FAAESY AAREE MAAT] 9
st 7ta4 BAE A% HrlaiAnt® @9, J)A
A, 858 54 MA € A} @/ ARE 98 Sio;
& ZRAZ ARSI 712 A EA FX9} 57
Al Aest Alele AJFAHE AMMsly] g8t ofn)
= A#AY AWAEA(KBMG03)E 15phr] 22
Sgdo] HHsle] Wt RS dBAFYGS

22 AlE H=

2 d7dMe FASHS 2487 8o FF
70lmm]¢} Teflon MolderE& AF3 ¥ o ZA), A3}
A, FAA, FAA, AWAFA 5& F 19 wjgy)
of A &gstd AF J1d 3 FR) va 8
[CIA 107 [Torr]e] X F2el2 30[min] Twshod
Z+ AREL YA EFAUG,

o]Z@A A Az EA TIEL vE BB
F Molders]l #& % 100[CloIA 4412 B 13}
ZA3tE A F oA 140[Clel A 8AIZE FQ 23F A
3E AA AEE ASAHER A H), AaAg
g Ao AL 4 HElsE 500[CINA 5
At neAEEtd 4F BEES AAY 3 A%
ARZAFAE Aaso 80[TIAM 44X AzAZ
thoo] AFAHI FAAE AdFY AEA £29
FHER EFF F AF JIE AR Yu
80[TClAll A 1A13F mwbsled ZRE FU3A 24
A o] Fo A FAAN L w1 AT
SEAZ F FF AHAAMY 2L 222 1%, 2%

2

Bakstd NS AR 29 10 AU Az
}3E eyt

X 1 A2y 24
a4 | & Aa |’
Algg (Z]3 |23 (454 H) 31
MERIEILRIE
HI00FN-1 [100/100/ 0 | x | 5| 12748
HI00FN-2 [100[100[ 0 | x [ 5] 22743
HI00F60-1 {100]{ 100160 | X | 5| Filler A9
H100F60-2 |100[(100| 60| x | 5 (E+H+D)
SHI100F60~1 {100{ 100 {60 | O | 5| x60[wt%]
SHI100F60-2 |100| 100 | 60| O | 5|0 : A&A=

| Epoxy "Hardener" DY-040 " Filler j— Drying |
I | l |

[ WEIGHING l Treatment of

Silane Coupling
Agent (1.5wt%)

| MIXING & DEGASSING |

MOLDING

CURING IN OVEN SHIEVE
1st-Curing (100[C]x d[hr]) %
2nd-Curing (140[°C1% 8[hr]) ¢ 3%

[ CLEaNING ]
+ SILICA
DRYING Heat—Treat
( 50[C]x 24[hr] ) S00CY Slhr]

[ TREATMENTS OF ELECTRODE |

v

| MEASUREMENTS |
29 1 AEY Az3H

23 78 &3
ANZA EgAY FHd&(e,) D F4E2( tand)

B F-AE 2AAA(ANDOA TR-10CH)

o] 83l 2% 20[C], 100[C] ¥ 140[TCINA =
4= W9 30[Hz]~1[MHz] Alelelr ZHzigon,
ERZA Y FAEE OY 29 P}

A AL Alg o83t FAF A 38[mm],
guard A5 713 1lmmlE A ¥ JAUS
el dude) Aol Rag gx=9xyoz A
HAA, olE LEWY EEAT Alole] st

e rlo

- 814-



Oven Oscillator
(TO-9) Dielectric Loss (WBG-9)
v P Measuring Device ﬁ
Temperature (TR-10C) Null
Controller Detector
(-60~200T) (BDA-9)

a9 2. FAEA FAFAY E5AR

3 e 2 aa

a9y 3, 4 2 5= 474 25 20[C], 100[C] &
HO[CINA F3k4 Wzl Be $33 A", 32
N® agm ARAL AR HRRE(e, )T FA
&4(@nd)& Jehim ek

7

OO OO @ @ GGy

. s [ B
- ] l*-_._-~-h-‘-
—-—_
] -
o] === ———a—a
0-0—0—0—0—0—0-—0——qg——q
SRS S — s s on Y e O e o
S R o R e e e Qe
3 T ol T T T
10’ 1o’ 10’ 10° 10° 10°
Frequency [Hz]
10 g
| —o—H100FN-1
i{ -~ -~ H100FN-2
1] —m—H100F60-1
1| ~-@--H100F60-2
4| —=—sH1o00F60-1
]} ~e-—-sH100F60-2
n— Q===
© (g /-/E—j'“
e 1973 gy gt e
] -
E-e—a——gf?g
O,/
oa”
10" T T v T T
10 10° 10" 10 10° 10°
Frequency [Hz]
a9 3. 20[ClA Fasgd b FA54
mA 29 33 494 12 AFg I AR

HI00F60-19) H|4A&E& T,9 100(C] o)zl M=
257 A¥ HI00FN-1914 9 o] 110[Hz] ol stol
A e AR 233 110(HZ oA ekt
W 43A B3 @ #AEd FAH dEuA
gt 28y a9 solH wxel 227 T, o4

(140[Chel =¥ 110[Hz] °]3te] A" &3 o] et
U 2% Aol we fAee Fo] Aa HY
AL 30HzIAM dEehd nFs Fo2 ojFH=
Debye ©]2¥ & R§sv, 30[kHzllM %33 £
Zo 9 FHEo] M3 #AETE ¢ F Uk

e~e-e,_e\
oo
8 T @ e @ e
1 - ©o-—o
~m.

] e n = g
.. s 8-8 ~m——.
) 4 —m

oo —B
\.\_ B—
P S5 =
o6 —S—8—§—%
D.D_D_E_U_D_D—DND—_Q_G
O O=O— OO O e Qe O O e O ey

T Y T r T
10" 107 107 10° 10° 10°
Frequency [Hz]

tand

——H100FN-1
—O—H100FN-2
—s—H100F60.1
—®—H100F60-2
—8—SHI00F60-1
—©—SH100F60-2

v T T T
10 10° 107 10t 10° 10°
Frequency [Hz]

29 4. 100[ClelA F Wdto] & FHd54

FH FAESAL T, °lstlA T 110[Hz] °l3te]
AF oA o AW BFo2 A3 YEE Re
2 Jq2% 4 eon, 1IMHz] o498 Fo4 HHY
A A3z BFe F49 %50 FAHUY HE
T, olstel A 5715 E4d o B34 Ha
2 B F Ut a2gz: 7, ol HE 110[Hz] °]
sto Ao AW B3 o3 FAEAL 22 459
o o &4 FHFI ISF0E o]FE AR
daEn, 7 AEFL FAY Ak 2dd 349
HA7t2 110[Hz] oldtold AL ZFo] AAF A
A& olfe AW &Y FHAEY FUHE A%
o A& AFo] F7tET, 110[Hz] °l3tel A
Hede] AZo]l 259 Zrle] wat Frbste ol
® 274 HI2 A% AVEAR HAgEo)g At
29 B 2149 Hse B Helg #
Ast7) & B3 B FHAd FAFE FJA
2 208 o|FAIE ALE AlREY. I3z

- 815 ~



22733 7AW HI00F60-29 #d&% Ad&d
< F3g=E A FaHe vegch T3 AUA
g AW Ne AVAEHZ AREHo] Ao A
Fo5e FH&F FHEAS ZrHY Yehia
At a8z 22143 A-bAE A¥E SHIWF60-2&
17735 AWA A¥ SHI00F60-13 wlmsf 100
[Clolatel A= & ¥sb7t glom 140[Cl1Y ne &
AEde F7stz A4 238 Friste vgdx
Aok X AWM Y AHeME DAY FAz
TRt AHe dFAEE AL Boe 23)Y

3 % 3] = o JEALS 5
ddste =St AW FHEHE ATz
(=] 2
ASE & & AU
10
N
o o
\9
\e
8 \\e
LN \-\\e\
1 NE \\e\e\
w O T~ —_— O o
2 \o .\. -\-\-
\O \.\ ~——m
5 o ~~o \.SE
\o‘\o §\\§:E.—§a
‘] oo o =
10 10 10 :;‘ 10 1;
Frequency [Hz]
10°
<
< @
o e~
& 10 a'%\aé* =T
—O—H100FN-1 ®
J] —o—mi100FN-2 \'\E"‘
—®m—MH100F80-1
—®—HI100F80-2
—8—SH100F60.1
—©—SH100F60-2
10°

T T T T
10' 107 10° t0* 10° 10"
Frequency [Hz)

29 5 M40[CIIA F34 Wso] e FHE4

5.4 8
ZAgtA, FXA H/AEe wE, AdWAly adn
Atz Wy}t dZA BgAe FAEA 1
A 4FE BH37) 3k, v dAY iy
R AzHon ARg AH whstd 20, 100 2
140[C]e] =9 FH$H 30[Hz]~1[MHz] Aol
oA HFAL(e, ) FHAEA(tand)S 24 7
I ey 2o 288 4.
1) T,(100[CD ol3te) 2= uj§He(e,)

rlo

Faeo FASA AT, T, o] HA &
Eo wat ARl dEhdr] ARsn, Foig
S7te] we} v frH&o] A3 Debye o] 2
A, A& A7t LXEoE olFHUAM I
AEL FaF vdede AL ¢ § AAh

2) XA H7te 4] dE fFAeH ARES
ZtAE olF HEAUE A3, o] Awe 4
A7t 750 FHgo] AJE ¢ F AT

3) Z2AA Ueude & FHEAE EA £X
g FZJA Aol A™elA vdehte Aoz 47
U, &34 2UE d¥AT AF n2d4M9 #
AEHe] AdddE RE € + AUk

4) 23733 AWML 12435 Al vs £A33)
A2 P "ErY #Ha F= XL BH
S T3 FHe FzAFe #aHI, EATFz
23 AAY 7kl st 7,8 meor Fola,
Fog F7tdd o2 F3& 2 fEdel BadHEe
AE BIE = AUt

5) AdAY AEL AWAYZ AdRA] AM
Hol AFHE9] FHEH FAEAL FaH Y
EhbARh, 23478 AWAE AWM neoAe
A FRE AU dFPROE 2358 949

BHE 2H3}q FASHE AL A5E B

i)

g & AA.

(& = & 9]
[11 T. Candra, A K. Dhingra, "Advanced
Composites”, '93-International Conference on

Advanced Composites Materials, Australia, A
Publication of The Minerals, Metals & Materials
Soceity, pp. 771-941, 1993.
21 ASM International,
Handbook  Volume 1
International Committee, 1987.

[3] The 42nd Annual Conferencd, "SPI Composites
Institute”, The Society of the Plastics Industry,
Inc., Technical Session 18-25, 1987.

[4] C. A. Nay and Y. Tanaka, Epoxy Resins :
Chemistry and Technology, Decker, Newyork,
1973.

[5] “ESEEM R OGHME, ETABEOIKE, BER
Be Hfdd, T8, 55 34258, pp. 3-58, 1990.

(6] “Araldite solid
CiBA-GEIGY, 1980.

"Engineered Materials
Composites”, ASM

resin casting systems”,

- 816 -



