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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 (T") 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.

#2of A253A A1z 20013 19



OJRE - HAE - AT T - o1 F Y

N B

A#73 EgARe v, Hed 2 Weas
o] $5317] Wi ¥A FEARY dAAREA
ojg-Eolrt 8= A FAolY, &3 It
o] Hgo| Y3 AP 3 gk a2 HeA3
E¥AsE duioz AH A = 89 3
ol 3 71AA B4 Asprt ¥ geA
Aow !t B3 Ho] AT & M52 A
B9 JIAF A A= viad AsA eadd.
ol2j¥ YU RAAM 71AH EAS= 2K &
Aol A, Fdwel dlEY2 £ AW
A g gEY2 £ BYAN FHEA U
ojdct. walA o|FollA {733} AR 4%
o 4gE F& MEY: A& Pl A& d
3] Fasic}. o]y vjEY2d] & P G%
¥ Foll MM Q2 & JFol 875 oA, o]
ujg} f2g vjEY2e] gl A3 YA H
A’

EY2e] B¥3 Fed2Hz2 A= ¥ ¢
3} o4t T AFFEI FeFHe] wgd
o) VEolAE FWA TEAEA M guEd
Aoz FHLddy, FrEgyd, T2y 28
& Fol 8ol AES P £@ By EeldaHz
FA 9] Ao g 97 Horie §," Kamal

. Kubota®® % Pusatcigly 5 @& 4748

o8} A#s]o] sttt Horie 38 IRE o]4% A7
A B¥2 FelodaHE AH3gurge Had 93
ZAHS, HFA}L) 100%d= =LA @t}
i F3sA .

olg} o] E¥ 3} Fald2H|2 X9 73A 5l
3 BPAE A7 AP B¥ S Eeda
H2 9. 22 F Euld " ZH3}ASA daEA
€ AZPA A=A gt 23 EdadHa
A9} Z3ute- 2ol o8 B¥3} Zed2H
2 g9 284 Y9 U&= C=C o|3Z{ Alelg]
F5Yo] AP slantgo)r] W Eo] B¥ 3 Zg
dadlz X9 ZgF 2], vgeE, MAA9
F59 5%, FA49 49 FF, YA e B
23} Eejo2Hl29 F3AAT L FE AL
oo =8 FHEEA YL A% YPF=

16

9] FAd glo] Fa¥ Hulglg F= Holth 18
v FAute] gAnige] e wsFe dds
Wol, ¥ 3Pez O ANE A= AL &
sttt FHPGY A48 B FHd dod
= Tanaka, Naito, Watanabe, Ushiama 5| 9} -
8 A B9 v FEH W3 QdoME AEF]

% AR E JEAde FP0] 7Fe¥ A& Bud

Ak, .

gehg & ATAME dEY2 AASY $4)
AEs) A4 BES Eeldl2nz 429 FelE
BH1E WA 2PN 22T olEel e 3
3458 DSCel ¥gdg ML, rigid-body
pendulume] 8A%] the $4oe] 84 29
$42jo], pendulume] A4H AFE oA
A9 94 Bgol YoMl Fedel Aol sl
RERLE LY

AREIS Hajoll ot 53 HEHY &5H ol

£A 2} pendulumo] Fxgte| springe.g Fo
A Figure 13 22 AF 2LV B23)q, o] A
o] WE& AFE %o 3= pendulume) AR
Fo2A HEdd EFYAAE UE BE (1)4
3} o] W

1d%6/dt?+2F, /2 sm@+ Mgl ©=Fsinwt (1)

&j7)9ll, I:Pendulume] 3% B%E
F :Knife-edged AB % ACd| njx]&=

FAze) 3

: 4R e A

: A% pendulume knife-edge W3}

P ETE

: Pendulume] A&

:3W%o2 e pendulume] F4

AR A2

: Pendulumdl] Zal= 9)ge] AE

g4

IR Eds

s = D =~

s

F& swing? 67} 34249 olejs} gt

Polymer(Korea) Vol 25, No.’l, January 2001



22 E 87 d& X3 Ed2bzZ £29 HHAF € HeA

<——Knife-edge

/ 74\\”“

SPECIMEN !

.
(5
[

Cl\é/CZ

v

. Figure 1. Rigid-body pendulum and mechanical

.- model of a rigid-body pendulum.
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Table 1. Curing Heat of Unsaturated Polyester
Resins with Different Glycol Molar Ratios

PG/NPG molar ratios Qo U/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 27731 30.80

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

PG/NPG tomet tpenk

molar ratios  (min)  (mmn)
1.0/0.0 502 899 0096 0923
0.75/0.25 5.40 1058 0097 0918
0.5/05 591 1091 0101 0911
0.25/0.75 6.21 1106 0.116- 0906
0.0/1.0 741 11.70 0118 0899
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Figure 6. Change of damping during cure of various
UPE resins at 50 C (Rheovibron).
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Figure 8. Viscoelastic properties (E’) during cure of
unsaturated polyester resins at 50 C.
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Figure 9. Viscoelastic properties (E”) during cure of
unsaturated polyester resins at 50 C.
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