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ABSTRACT: In this study, the effects of different glycol molar ratios of unsaturated polyes-
ter (UPE) resins on the curing behaviors were investigated. The crosslinking process was
checked or monitored by differential scanning calorimetry (DSC) and by viscoelastic proper-
ties of rigid-body pendulum model. The knife-edge from which the pendulum is suspended,
is immersed in a reaction mixture, and the change of the viscoelastic behavior brings on those
of the period (7") and logarithmic decrement (4) of the damped free oscillations of the pendu-
lum. The values of T and 4 obtained are related to the dynamic modulus (E’) and modulus
loss (E”). The information on the viscoelastic behavior of unsaturated polyester (UPE) resins
during the curing process are shown to illustrate the usefulness of the techniques. As the con-
tent of NPG in a propylene glycol (PG)/NPG glycol mixture increased, both the cycle time
during cure and the change of damping during cure of UPE resin decreased.

Keywords: unsaturated polyester, curing behavior, rigid-body pendulum, knife-edge, logarith-
mic decrement.
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Figure 1. Rigid-body pendulum and mechanical
model of a rigid-body pendulum.
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Figure 3. Curing rate (da/df) vs. curing time from
DSC measurements at 80 C: UPE-1(PG/NPG= 1.0/
0.0); UPE-2 (PG/NPG=0.75/0.25); UPE-3 (PG/NPG
=05/05); UPE-4 (PG/NPG=0.25/0.75); UPE-5 (PG/
NPG=0.0/1.0).

En|8 Z7MA%) UPE #XHET ¥ Fsie &5
= Aoz B o). B¥3} THd2HE
Aol g FAA ZFYE PG Buvt FNETSH
A8EE (da/dDH)t 3F AA=(a)= F7HBINT-
o)AL C=C A 54 7= £& 2=dM ¢
A Yepd] gEelth. fEAIZ 1 o Ao g
& eV} ZRSFE A yehach ol 22 2
7= Byd Zdada £ g3 did HE
HlolEls} fALSH Uehle 2e & & ARTG®
Figure 4= Z2& 847} b& gx3} &eld=
ga $xd dE A o o F3ATE depidl
t}. Figure 37} €3k 528U 48L& S vehd
Aoz BAFgo| thE F F79 FAld watd da/
dts} o VR B3ttt TLAN AAEEE £
o] &e 421 (UPE-1)7} tha w24 et
o AFAss A A JeEg old® 4L
£33 Eodiagae $F3HA £AZe| AETS
By3ns ol AdA} fumarate?] vl & F
7beled HEAIEE HoAE Aoz wddd. ¥
¥ Hanol? ¥ w=2d B¥3 ZgdxHz
A9} AowE 24d3} fumarated] B7} EFE F

20

1.0

Conversion ()

0 10 20 30 40 50
Time (min)

Figure 4. Conversion a vs. curing time obtained from
DSC measurements at 80 C:UPE-1 (PG/NPG=1.0/
0.0); UPE-2 (PG/NPG=0.75/0.25); UPE-3 (PG/NPG
=0.5/05); UPE-4 (PG/NPG=0.25/0.75); UPE-5 (PG/
NPG=0.0/1.0).

J¥sit}. & QoA B¥3) Ed2HE £AF 2
g ZvjdiM PG 2wy} FrhsiE Adidez @
9] FAPF fumarate FFo| Fisld 2dAHf
fumarates] vl F71gth WA oyl Be
A3 go] PG o] ZI1AFF AYd=e F7H8L
Aoz BggEt 28z $AH AFEE o9
Z279 ARLEE ARIE =FFAE X
aRe Be C=C bonds microgel Tx° 2|3

= o] 7Hs8itha Yang# Leer}® F33idtt.

Table 1 Za& 24)7} th& B¥3} F2d2H|
2 A UE 52335 NHIEF Qust AR
Q& Yeld Fojtt. 2ag PG #v7t /M55
Qo (J/2) T Q. (J/g)0] F718tn AhH 22 NPG
2a)71 274808 Qo B4 A& &+ UL
t}h 7N Q= BES Eeld2HE FAF 9
o) Aggo] 100% YWY whFeit}. A= &
¥3} S22 FA9 A3 ALHAM dEEL
100% 9] =238tx FHLS 2 o)ft X3 e
dzdlz 49 o]F AYEo] Ay 7l AR F
& 87) 1Yy ABo|tt® £F W24 A8}

Polymer(Korea) Vol 25, No. 1, January 2001



g BY|7l 98 B33 Ed 2z £ AAF 4 HEA

Table 1. Curing Heat of Unsaturated Polyester
Resins with Different Glycol Molar Ratios

PG/NPG molar ratios Qino (J/8) Q. (/g
1.0/0.0 355.72 41.80
0.75/0.25 335.82 37.04
0.5/0.5 333.04 33.40
0.25/0.75 314.89 31.90
0.0/1.0 277.31 30.80

Table 2. Curing Parameters of Unsaturated
Polyester Resins with Various Glycol Molar Ra-
tios

PG/NPG Ponset tpeak

molar ratios  (min) (min) el B
1.0/0.0 5.02 8.99 0.096 0.923
0.75/0.25 540 10.58 0.097 0.918
0.5/0.5 591 1091 0.101 0911
0.25/0.75 6.21 11.06 0.116 0.906
0.0/1.0 741 11.70 0.118 0.899
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