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FRATt. T2 WE Hxeo WEHE dZ37] 98 modified Williams-Landel-
Ferry (WLF)4 & ol&3lith. DSC &Aooz Ry Zsutgd we fejdolexe) Hig Ay
Fo] g2 28 7 AU T&F g0 wel 249 Hxeol WslE o] 4sle] WLFAIA
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ABSTRACT: A chemorheological study of biphenyl-type epoxy/pheno! novolac system was
performed at different isothermal curing temperatures. To predict the chemoviscosity during
isothermal curing reaction, modified Williams-Landel-Ferry (WLF) equation was used. Glass
transition temperature change due to curing reaction measured by DSC could be expressed as
a function of conversion. From the measurements of isothermal viscosity, C, and C; in WLF
equation were found to have an Arrhenius-type dependence on temperature. By using these
relations in conjunction with modified WLF equation, good agreement between predicted and
experimental viscosity wa. observed.

Keywords: chemorheology, biphenyl-type epoxy/phenol novolac system, modified Williams-
Landel-Ferry WLF) equation, glass transition temperature.
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Table 1. Description of Raw Materials

E/H average
material structure ivalent number of
equr functional
Biphenyl- ! CH
e rgts-to-o~O)«O)o-cnrpl®B 2
epoxyresn  © HC oy °
Phenol
= &5 - -
Triphenyl-

Polymer(Korea) Vol. 23, No. 1, January 1999



BiphenylAl ol Z4]/Phenol Novolac 2 ZA4Ee| sty &zx AF

Aslurg o] HFxeo W3l= Rheometric Scien-
tific  Co.9] advanced rheometric expansion
system (ARES) & o] &3ld FA &t dH3A
IEAe] 734, steady time test'HFS AT 55
o8 BTz ¥E T SE A A
o] ZFo] Brsd BHo| glena’ Azt Fo
HAxe] ¥sl= dynamic time testE E3lo] 3}
Ak, FHel A3 parallel plates] g
25 mmo|gl e plateAlo]e] AL 1 mmz 3P
Fie 6.28rad/s, H¥L 10%E . 80,
90, 100, 110 zz8]at 120 €9 L&A AZANA 7
A WE Hx, A SAE(G), £ B4 E
(G")9] ¥stg B3t

A ZA] 7] 2B 3N 2R 3l
A TA InstrumentsA}e] Az} FA} g4 (DSC,
TA-2020)& o183t A3 A7 wE
% WsE a7l 93 100, 110, 120 z8lx
130 C9] Z32xdA T27PE A AT
ZAsrgE e dolvke FeEldolek (T)9 ¥
o} 5 BHEEE FHEH A8 4 AFdexdA 1
~100¥7t S48 A¥e -10 T2 FBRAY
X, o] Al HL 0 CoA 250 THAA 5 C/ming} &
=2 A 473 Z3E dEA £3) 24E
9] Ty 160 Tl 280M 7A1Z A F A1z}
FAL QAL ol &3l S A3 143 CH.

&xt 3 0%

Fig. 1(a)= 80, 90, 100, 110 23)x 120 €9
T2 sEANAM S FsAe] wE A B E
(G") 3 &4 B4E(GM9 ¥3E Uehd Ao
o dWiE oz o XA] Fxe} o] BAIF{ 23
Bhgo] Aok B39 A4, AL G’ G
ol ZolAE A, & tan 87} 19] HE Atz He
HEd ™0 Fig. 1(a)dl Zzte] $eAgexEdA 9
AAE R E BASINC Fig. 1(a)28H
TL3BEA WAl G” ;e BE A 99
AN &3] FhIoU G g whe Zilde
SLsA Frlstehr} Asidel AR wet 33
3 FIHBIAEE ¢ & AU E=F Asews)
EHIFE Ao B E e ¢ & AU

F2{0f A23Y A1z 19994 19

10°
—G'
10'} G"
wi Gelation point  100C 90T 80T
“g 10*1 120C 110T
S s
T 10
3
(U} 10‘]
5 y e
o Wy L S
1071 (a)
10' T v
1000 10000
Time {sec)
4 A
01 o goc $§ v 4 93
v a 9 o
o 90T g v a g o
“ 10’1 a 100T b4 s Y °° :
£ v 110T I 2 a
e ° 120TC s va og
o4 o 3837
£ 1 o v & o4
o Ja°
Py s g&f
3 o o poogoo 00"‘;%0
2 10" 000 o#e
O
v v v vxaﬂ
10°4 e ° )
10 100 1000 10000
Time (sec)

Figure 1. (a) Storage modulus G’ and loss modulus
G" and (b) viscosity as a function of cure time.
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Figure 2. Conversion rate as a function of (a) time
and (b) conversion at several isothermal curing tem-
peratures.
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Table 2. Kinetic Parameters of Biphenyl-Type
Epoxy/Phenol Novolac Resin System Obtained

from Each Isothermal Test

temperature ('C) ky k; m n
100 1.28x10* 223x10°% 140 160
110 257x10* 430x10° 140 1.60
120 467x10* 820x10° 137 163
130 7.33x10*% 161x102 135 165

Table 3. Generalized Kinetic Parameters for Bi-
phenyl-Type Epoxy/Phenol Novolac Resin System

kinetic parameter value
k 2.25 % 10° exp(-73022/ RT)
ky 6.97 x 10® exp(-82289/ RT)
m 14
n 16
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Figure 8. Comparision of experimental and caiculated
conversion.
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Table 4. Time and Conversion at G'—G" Cross-
over Point During Isothermal Curing of Biphenyl-
type Epoxy/Phenol Novolac Resin System

temperature (C) time (sec) Qgel
80 8830 058
90 4521 0.60
100 2415 0.63
110 1214 0.63
120 615 0.60
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