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Abstract—A new chemorheological model was established to describe the viscosity change of thermosetting
polymers during curing reactions using the free volume theory. Model predictions of the viscosity changes
in both isothermal and nonisothermal curing reactions of styrene-unsaturated polyester resin agreed well
with experimental results. The predicted values of temperature and curing time at the minimum viscosity
and at the gelation point during nonisothermal curing reactions with constant heating rates also agreed well
with experimental results.
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Table 1. Values of C; at different curing temperature
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toin T tos, Toint TS A @A} 4] (19) 2 A (200
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Table 2. Comparison of experimental and calculated results of tun, Tmn, te and Ty, at different nonisothermal curing

conditions
Heating rate tomin (MiN) Twin(T) ter(min) Teu(T)
(C /min) Exp.(ave.) Cal. Exp.(ave.) Cal. Exp. Cal. Exp. Cal.
2 36.7 40.3 101.7 110.6 46.4 45.9 122.8 121.8
3 28.2 28.7 112.3 116.1 324 325 127.2 127.5
4 23.2 22,6 119.7 1204 26.2 254 128.3 1316
5 19.0 18.7 121.2 123.5 219 21.0 1284 135.0
6 14.8 159 1215 1254 188 179 128.7 1374

o]-g3le] &t AAMAFE vl wF 722 heating rate}
ZNEFE Tt AT T Tl F713R
RAE & F A Yangs Suspene[14]9] Z}e}
e AL Holx 9ch

Table 2= 7}7+2] heating rateol W& tmin, Twin t¥
Twol AP A} et sl mdlo) 23 AgE
v sled vJebd Zo)th Fig. 119 A} heating rate’} &
A$ T A} A7) AfAHez g& Xol&
Ho]id], o] heating rate’} AAFE B A%
o] FAY xR 3R qlsle] A At Frpehr]
g Fo2 Azt

58 £

& o4 AR Shpust RdAE
YL & Y vl 9T yxwste

(1) AfF-jo]&& o] &3} °é7é34 i O
sut-gol] 2§t e slE & Sehs 24 SeiHd
2g4S sgslgich. USPES] v]7dshibg4] Hxe &
EEXMNAYE Bl Gt G & 77 15435
3645X10°K 1o 2 d9lx, S-S A3 A
=Hizks Rl Co7l Asubgxed oEse A
o)z, 1PHR®] 7JAAI(TBPB) F%& #+e 3% %3t
uleZc ol Haisl Aleal N& 439 kg 718 o
2qlck
(2) B QoA AAl= 3tetH3 w448 USPE
9] Azt Sxwizlel o Hewstel 527
kg 2 v shikgol 23 Fmwste) AL

Az, meel 9t A Azt AYAARE 2
d&ge o4 5 ok

(3) YA heating rated zte v]5273hikS-e
7%, heating rate”} ZF7VETF t,, T twd A3,
Ton® TS F748He AE ¢ F U2 AL 3
st st BDA0] by, by, Tt T & A5EE
o 4 9dsdch

O

-{)r

@ & Q7oA AR sHhfast 2d el 3
£9 LESEYE Tk 44e G} Gy 28T
ASLERY P4 G AAAG 3AA F9
FENS) G%E wA goud, olFd FEWN)
AseSd Jgg olAnE J3hi4Eo} vl

2 A5 N o5 ¥E9 g52 Edslolo} ek ol
9 ASA AT Bosieh ek

I
2 AFE ()79 d7ee 3R 9

abg R At Ao FAHASE Welw o)
AV o,

ARBIIZ
A :intercept in linear plotting of In n, vs. t,
A, :material constant in eq. (6)
a  :constant in eq. (10)
B  :slope in linear plotting of In n, vs. t,

B, :material constant in eq. (6)

C,, Cs C;:material constants in eq. (9)
1, C;: material constants in eq. (3)

F  :free volume fraction

f : correction factor in eq. (10)

! . storage modulus

: loss modulus

: heating rate

: torque measured on the parallel plate

I

G
G

| 2=

L 4

: weight average moleculer weight
: material constant in eq. (9)

: universal gas constant

: radius of parallel plate

: temperature

SNz

LS

: glass transition temperature
: curing time

oo~

: dimensionless curing time
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\%
\/,

: specific volume
: free volume

JzjolA X}

8 <™ R

nr

: thermal expansion coefficient of free volume
: reaction shrinkage coefficient of free volume
: shear rate

: viscosity

: relative viscosity

YL

gel

min

I
0

. Gonzalez-Romero, V.M. and Macosko,

: at gelation point

:at minimum viscosity state
:at initial state

:at T=30T
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