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ABSTRACT: Curing reaction of epoxy/glass fiber prepregs has been investigated under iso-
thermal condition using dielectric analysis with both parallel plate electrode sensors and re-
mote single surface sensors. Minute changes in dielectric properties even after the end of cur-
ing reaction determined by other methods were detected with DEA carrying parallel plate
sensors. Dielectric properties obtained with remote single surface sensors were generally dif-
ferent from those with parallel plate sensors due to blocking layer effect. which was observed
to be more significant as applied frequency was lowered. Upon correction due to blocking
layer thickness, it was shown that the electric field of remote single surface sensor reached to
about 1 mm above the sensor surface and it was confirmed by the results of dielectric proper-
ties measured with remote sensors inserted to different places across the prepreg thickness.
We also found that prepreg thickness beneath the sensor had no effect on the measured die-
lectric properties of the prepreg.

Keywords: dielectric analysis (DEA), remote single surface sensor, parailel plate sensor, block-
ng laver.
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Figure 1. Schematic illustrations of (a) prepreg curing device with a DEA remote single surface sensor, (b) remote
single surface sensor, and (c) electric field distribution in the neighborhood of the electrodes.

a

Znt 9 o

Fig. 2+ ﬁé"&%‘ ASE Ag-sted 100
=737 DEA ZA#2, Fig. 2(a)& %
(dielectric constant, € ), Fig. 2(b)& #+4& £4
@12} (dielectric loss factor, &) 18]al Fig. 2(c)
= tan & (loss tangent) & vteEhH it Aderg A
Zol Al whet tan 89 H =7t W F tan §
fol Fashe AomfY o] iz zeaE 100°T
We-& Al of oF 60% oWl ¥hgo| A
= Aoz Jeldt} £ f48 £4Ax
o] WElE HHEE 12080] i Tl % A% &
717} sk Ao 2 HE 745}-‘47‘4"“*14 olA g
37 A& Al Aé TR ey
oy 13 A48 5
48 4 7iEl o E & =
HEZ2 BAE sy H

ZE2l A219 A53 199749 94

B AAztez #EY gk websd B HE
My Belg AME FHzE ZelZda Alold 4kl
sle] A3lutd g dAztez BES) Byt

Flg 3& ey A L

, ofdlel 57HE A% '8}04 100 ¢2 FAAZ A

& LHOlIH A 3A71H
(a)e F4g 47 (e 88 —é*e‘de}, aela
(c)f tan 88 YeRHT) Fig. 29 4 A
ol &ty A3 Zxe} st FHE A=A
2 7hA] HolH g Roly g HEE F UTh F
39] (a) 2 (S 47 A¥nd, Fuprt dEe
E fde Ao 438 4=t Ha FRdA
Tﬂ-‘}]z]%: 7)10] 47&5}9\1{:} T .zﬂ:x]-zsﬂ AN E A}

Fig. 2 (c)9] tan § H4 A= F37} 1 Hz
1 Aol 9327t TEIEIOJ Fhe] Waxy Hol
2%t 10Hz olAel M 3kl #laz vehde A
& #HT oy, FEy AME AHEE Fig 3

0,
oﬁ

1

853



104

rrram

10°

L L e

w 10°

Lt

10!

3
10° s L . r . \
0. 40 80 120 160
Time (min)
(a)
100 . T . , , —
1Hz -
! L I , |
80 120 160
Time (min)
(c)

Figure 2. Dielectric properties measured with a paral-
lel plate sensor as a function of time for prepregs cured
under isothermal condition at 100 °C, (a) dielectric con-
stant €, (b) dielectric loss factor €, and (c) dielectric
loss tangent tan ¢ with applied frequencies of 1, 10,
100, 1000, 10000 Hz.
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Figure 3. Dielectric properties measured with a re-
mote single surface sensor as a function of time for
prepregs cured under isothermal condition at 100 C.
(a) dielectric constant &, (b) dielectric loss factor €”,
and (c) dielectric loss tangent tan & with applied fre-
quencies of 1, 10, 100, 1000, 10000 Hz. The remote
sensor was inserted to 25th layer from the top.
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Figure 4. Schematic illustrations of (a) blocking lay-
ers between electrode and (b) equivalent circuit taking
into account the blocking layers.
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plate sensor at 10 Hz.
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ness on dielectric properties measured with a parallel
plate sensor at 100 Hz.
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