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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. 2 389 d5g Ahgslol 100

274847 DEA Anz, Fig.

C =
2(a) e FAE AT

(dielectric constant, € ), Fig. 2(b)& #+4& £4
@12} (dielectric loss factor, &) 18]al Fig. 2(c)
= tan & (loss tangent) & vteEhH it Aderg A
Zro] Aabgdl wet tan 89 F A7t U2 ¥ tan §

gol Zasts AomRE o

r
o hE5E Aoz Uit

zglzyas 100°C

W2 Y 9 ok 60% ool wgo] A

P 488 2401

o] ¥stE dHEE 12020 A Foll= AlS 7]
717} Zadhe Ao Astagdiae] vl

ot A% DY A D

BBY A3 48R A

By 9 Jle e ER s
],

ez BAL 533

Z2| 21 A5 19973

)
=

B

T 3 E}“ ” '1’«}
——iT

Gl

Sg AAon BAY 4

N Eeld AME A3E
sel Ao WAzte B ot

Fig 3¢ B2y AMel QyEe Zoziag

, olefdl] 57E A=l 100 CE &

= LHoM AeA7IEA 248 fAa84e dne

() $48& 44, (e f88 eaﬂx}, Bk

(C)f tan 8—‘ QE}LH‘H‘:} Fig. 29} =

23 Fig. 2 (¢)¢] tan § =AM = FapFrt 1HZ
! ¥ ulart 2o e daMy Ho
25k 10 Hz o1 el shte] a2 vehde A
& #HT oy, FEy AME AHEE Fig 3

0,
o,
4o
=2

ir

1

853



104

rrram

10°

L Lie 4o

w 10°

Lt

10!

E
10° . ! . ! .
0. 40 80 120 160
Time (min)
(a)
100 T T T T T —
! L I , |
0 40 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.

it
el

(c)2l A5 1000 Hze) FaoA tan ¢ 4
o) 93zt BAe) Bas el Rt 2a
ol wet FAZ UHAR Ja F 5 A o=t
uehbs Azte] Y e 3 HA) vlas wet
2 th7t AR = RS BRI
FEY AT AHgala de

o =

T

EEDIETIL WP

854

2.2 %8
E
T
(b
S AHgstel 248 23k oMY theAl dete
Ae weld MMM Uehit A9 (blocking
layer) &e] d3oz Az}, Ad g z}

% oledl % WFe] B33 WA, A2E o
el Abgel7] Skl A AR Alele] HolFi
28, 22 25} 439 B3 A 5 ol A
ol A

Z}viol }*E
13kl |

efa] A
datg @ A 5
T A Ge s Ao’ Day
5 AAew ’\]E ’\}°]°ﬂ 2t eg ¢

dsle fFdEgel A Al 43H el
43} %445 Aol helAl Thet

A& ab glept

(2 TR
e ot

i
X
1
flio
B

7ro
1

& =f (&, €, L ty, w)

(tan 6)* +(2t )

& éL_[_ N ;,Ab}
Bl (tan 6)? ”2; )?
b

Eb”:f‘z (¢,&, L, th, @, e )

_6,,L[(2tbA1)}

(tan 8)° +(2tb)

()

Polymer(Korea) Vol. 21, No. 5, September 1997



10*

10°

w107

10

I U Vs N O 10 T O S W A 1

100 L | i i L | .
0 40 80 120 160
Time (min)
(a)
20
16 — —
12 -
o
5 L 4
= 10,000 Hz
8 -
1,000 Hz 4
4 ]
0
0 40 80 120 160
Time (min)
9]

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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Figure 5. Estimated effect of blocking layer thick-
ness on dielectric properties measured with a parallel
plate sensor at 10 Hz.
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