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A Study on the AC Dielectric Breakdown Characteristics
and Mechanical Characteristics of Interpenetraing
Polymer Network Epoxy Composites
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Abstract

In this paper, in order to improve the withstand voltage  properties  of  epoxy  resin,
IPN(interpenetrating polymer network) method was introduced and the influence wiis investigated.
The single newwork structure specimen(E  series). simuitaneous Interpenctrating  polymer network
specimen{EM  scries) and pscudo interpenctrating polymer network(EMP series) specimen were
manufactured. In order to wunderstand the internal  structure properuies,  scanning  clectron
microscopy  method  was  utilized, and  glass transition  temperature  was  measured. Also, AC
voltage diclectric breakdown  strength, tensile strength and impact strength were measured  to
investigate the influence upon electrical and mechanical properties.

As a result, it was confirmed that simultancous interpenctrating  polymer network  specimen
was the most execellent.
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Table 1. composite ratio and curing condition
of specimens el ¢ [phr]
A A E EM | EMP
YD - 128 100
A4 YD - 128
ul = -
+ MA 100
= A [yD - 128
+ MA+ PU 100
) DDM 27
3} 7 3hA) —
. PA 8 6.45
@A Si0e9 0, 100 | 0, 100 | O, 100
AstEH4 | DMP-30 0.5 - -
H X DICUP - 0.86 0.48
FEAA A
BDMA - 0.11 0.24
90[CY/ [130[ T/ 11300 C 1/
2[hr] | 3[hr] 3lhr]
2 3 Az + v +
150[C1 {150{°C]/ {1501 C)/
/4thr] | 3[hr] | 3lhr]

¥ YD-128 © diglycidyle ether of bisphenol-A type epoxy

MA : methacrylic acid, PU : polyurethane

DDM diamino dipheny! methane, PA phthalic
anhyride
DICUP : dicumyl peroxide, BDMA : n, n-benzyl-
dimethylamine
E: 2.2 A3 ALEE AW FF
Table 2. the kind of specimen used
A P Z 2 A (Si02)
0 [phr] 100 [phr]
E A4 E-0 E - 100
EM A4 EM - 0 EM - 100
EMP A< EMP - 0 EMP - 100
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Fig. 2. geometry of tensile strength specimen
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Photo. 2. SEM of EM-0 specimen.
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080 90 100 110 120 130 140 IS0 160

Endothermic

-5.5
E-0
935T
-6 980T
—
6.5 1050
Temperature [T}

a8 4. AHe f7 Hol 2%

Fig. 4. glass transition temperature of

specimens



33 45| 7= Hselof Mg HA my 54

21¥" 5% “JE Tz7h Wsty Ade ex W
go e BF ¥d W1 FEE 2H Ao
=

AL Gdd, BF HAY ArA Adn

© F5A AHY A$ E-0 A¥He] AF =9
I, 100[phr] F3 AWl H ol EM-100 A

Hol 714 EA Yeiwo, 2 ARz Hg F214
o] FEFE EMAY AHY Epp’t Au
Hod FolXA HE AL & + Ut} o=
A HrrE Q13 ﬂ]?i‘ﬂ]/\i o] gl 3}etH
gt 1 Ao ge AHA Z‘ES’; st Epp
7b wrebd Wt EMAl G o U] ¥ef] A
TG Aol Al [z ols-&
gol wajaly] wFolegln gzEc =3k o]y
P EERS A4S Hda g9 Lxr vty
ma EMA Y >EAYR >EMPA S 5}
slizdl 1ol Aol Al g 4 A4
WA AR AH Fheh mwre )

@ AAH AP ge A8 fdow A
7hAAE W, A% vheh o] wl
23 EAQ Aulels w2
Aelgel oled FPEe wesl
ehar A 7HETh

en gl g
EMA 9 > EMPH ¢
2 Wb WA e
B I S R S A e
T}, Hol|l 2] slk ‘?El Els
_éd

4
(

HT o

o &
1L

Tog

5, a
Wi

- 2} H

LN
AL

mn G

Z)

T "l‘ 7]

Eﬁh«grzr&ﬂérq‘

Q-0

>F7” H O il

H

b s Egpliz
ok o34

vk &g ol

45 A s

u

3}
Y]
I AZA A
4o

°]

vl o} 51 5. o

i 7]
re %
o R HrA &l

d R T E L
7h ] 5= oddo)lm g

o
# 2}
Z} 2 ¢]
AEEE st
2, ] ez g
AR EM¥ EMPA Y Euw7t wob x4l
vkl A Zhl o
gH, A2 Pdgel A Epp7t 7HE wrel EMP-0
AlEe] EppZb 12 Fdeld -]z o H
Polyurethan 212l Polyold] Wl d A
< 3lsd SAA g T
(CaCOz)e 22 a e} EMPA#H o] 7}
A ol 7o) e Zdeln AYzhe
=3k EMPAYE AlHe] A 2dHoljr] nddr)
dAE dAPEE RAFH YSS B9
Hol HA AAA e <Sl¥oz
ki AzZHgo}, zeiv} SEMOlA x
EMPAIE Al¥l Wl Fee= st
A7) W HEY HowA, FE

CEE

|
el glol &

N
al

1=}
o

=]
o] KN
1 I

o £ }-\ rqm
ok

? segment) 2
Of ¥«

%
o] ] g+ Edl

1ol u
Hooo

o)

]

it

)]

!

A

o

]

~

%
A7k
A dAn

71 &

e

A} o

e
=

ol

o}

Breakdown Strength(MV/cm]

705

A7) AR 283 A Vol 9, No. 7, August 199.

A9 FE AFHA EMAFE A#He] 73 5%
49 w1 548 YeElAdo 2 443,

A=, uA Al Azxle] olFow A B}
Aol dAdAE FEIYLGE st v
ok, B A dewoez A vt
Auj A Ao E AETAJGE aHst AL

of wel Eup7t A=At Az gct

5
£-0
£-100
4T EM-0
L - EN-100
[ EW-0
3| EMP-100
2t o
i \\k+
! i
o . ; . ; . A
0 20 50 70 % 110 130 160 190
Temperature[T]
a8 5 dE rE bt ubdt A9 '“n"- al
of <k

A ) 7 (F# A 0, 100fphr]
AC dielectric strength due to variation
of network structure(filler content 0,

100{phr])

Fig. 5.

WE JIAY B
Wt e AY FE
dth, EAE>EMPA
AF FE7t Baoh HE
MA, PUT

2]
F2e nf
oW RA ARG I
ZAA S0z A8
oA AF G wA
gk gl EMPAIE AlfHol EMA
ARy 2L AY FEE EHAEE
fr= PU 24X polyoldl 2% {4 &=
A A (CaCOz) 7t & & g AR 4
Zk e o},
A=
Hat g veld

EMALY 54 2%7 b4 wA deas

ool ol FA FAe drbayg F£A<

A% A=

»)

()

=
of) 2 7} 3=
o
o]

gl

st e F27 s

1

o)

g,
MA



Tensile Strengthkg/mr)

90
1

B

Z}

Temperature|C
{1 A

. BE T delo] WE A#e] 93
=(F A g = Olphr], 100[phr])

Tensile strength due to variation of
network structure(filler content O[phr],

100[phr])

& FH e
Al g ¥k (domainie]l A E o] 9]
duiA s 5% dde & g
boEA A Si0.0)

3l

S gl whe wEe s
.

(s}

J- X1 -
S
=N

7

1
PA A I

A

on

EMP Al el 4 $-of 3
dAeh Horgrah CaCOst 3
RS B IR A=A

.
AL

s

o]

+ om/onf)

(&)

-

w

N

Impact Strength [kg

E-100

1} _F.ll_ _']1. Z

EM-0
W 3} of]
Lz Al g Olphrl. 100[phrDh

impact

EM-100 EMP-O  EMP-100

st Al o]

4 %

strength due to wvariation of
network structure(filler content O[phr],
100[phrh

st
i/
o
I
A

oA

706

ATA HgARS £, o8, 4T, 4AR, WA

F 45 AW R NEE Agsd 21 wa,

DR 4 B9 54 R 2AH 5S40 d@ 3

5 A9 9= 49e AR A, e

e Age Yo

LEA 4E A9 95 AR grest doju
A gom A%ge YYD J Row B
Y, T, 156[CIE 743 2 el
$49 Aoz ey

2. 0F A% A7MA, F L WA, A
4B A E AW A %y Byel
F $rsgon, 4 %y oo we &
0% o¥d #% F 45 AY ¥F Aol
ol AN S5e A9 ) e
cheb gl of

3.9 wE x AHe) 94 gut Ay w
ohi, 4 A% EFZAAL B4 4E A9
W Agle] g ol uebgeh FaA ¢
ol ZUbgl meb A Si0.9) %A 4ol
wSlsel g EE FANAR FA 4t
HaslEe 282w
AvHo $A 4E 49 FE Al Gy

of /b $ae Ao vhrbuten] mgrd A

AoFAd Ak BB SuEa sl

ot 4B A 9B Tx7E welslelor @

Al APE AT

%302

]

1

L U[NES Ot B, T AR AT,
AR Pl (T S3429K, pp.3—~
21, 64~65, 1989.

K. H. Hseeh et al,
Polymer

i)
“Graft Interpenctrating
of
Sci,

Networks
J. Polym.
pp.623~630, 1990.

D. Klempner

Polyvurethane and
Epoxy”, Part B, Vol.2g,
of
Interpenetrating Polymer Networks” ].
Elastoplastics, Vol.5, pp.196~ 200, 1973.
AR, HTY MR E R, F5 A L RR,
pp. 11~90, 1982.
EEREOROS BAL TR £TA LEX
B o ARult WREM BEE AR, 1A R
FE LAk, A 10248, 129%, pp.673~677, 1982.
CHUCE, WO, Y T BB A #t, pp.42l
~ 426, 1988.

et al, “Nomenclature

e
Ty



A71AAA 88 d 2] Vol. 9, No. 7, August 199%.

zag SEE!
19684 19 1394, 19914 et 19505 119 2590 4. 19241 Skhel
ekt 29 1904 ¥ gsg g AN £9] 10899 ey

7lEdtat AAb 1990 § ekl W)
I EAE 1904019050 ol 4

RS IR T S

z&

A 19914-1996d dA Feden

A7 ARG 2ud

olgd - A

1968 98 BYA. 19933 48t : 1934 9% 1094 198 M et
Q)¢ E9] 10950 ¥ nn ael g W75 87 * 1974 iQ‘fH’é‘Hﬁ Gl
NE8H A E@A ety ol sheb Mab 19839 E g 1

4. Skt UM. ooy 19739 ehar 49
DTN 064 Hetd "ugAb 2
¥onE 4ds 1973319754 29

EH“ ‘171 $ AYIAL 1975401996 @A) 2 sk

93

19634 58 NYA. 19805 Fydista

T Ay ek ¢ 19910 2% 3

o EHBWJ H7) ek Z2G(AAh, 199
T ooerd Ay

19921906 B4 AAAEUS 0%

Ak 2 1959 9 F45

R EESEL R LR

sl A,

707



