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ABSTRACT : The effects of catalyst, accelerator and blend composition on the cure behavior of unsaturated
polyester resin (UPE), vinyl ester resin (VE) and their blends were studied using differential scanning calorimetry
(DSC). The DSC thermograms strongly depend on each variable. The result shows that the small exothermic
peak at 115 C is due mainly to the UPE component in the UPE/VE blends and the large one at 134 ~138 T is
due mainly to the VE component. The results also indicate that the change of the DSC thermogram measured
after each blend was exposed to high temperature 180 C and the fast curing conditions of a few tens seconds
provide useful information on understanding the thermal processing of a blend at high speed. The measurements
of resin flow time represent that there are three distinct stages of cure in the UPE/VE blends: induction, transition
and macro-gelation stages, as similarly reported for UPE by others earlier. The thermal stability and flexural
properties of the cured UPE are significantly improved by blending it with the VE, depending on the composition.

Keywords : unsaturated polyester/vinyl ester blends, cure behavior, thermal stability, flexural properties.
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Figure 1. Chemical structures of (a) unsaturated polyester
(UPE), (b) vinyl ester (VE), (c) methyl ethyl ketone peroxide
(MEKP) catalyst, and (d) cobalt naphthenate (Nap-Co) acce-
lerator.

2x3} Eeolab/mdelay Zus 121



122 Lee and Cho

ek

A 25 g 4], UPE, VE @ ZA4o w UPE/VE
Belee) A3} A%L AAFALG A (differential
scanning calorimetry: DSC 910, Du Pont)= ARE-3}e] A}
st A Aol 42k FAZ]ELE 0.2, 1.0, 3.0 18
3L 5.0%2 FulE X3Skl gl UPE 4171 £4]=
ATt VES] ZAg-oll= Fule} vkS-EA1A19] & 2
st} AgE FHskGth &, Sulle FAVIELSR 02,
03, 0.5, 1.0 2 3.0% 182 ¥=AA= 0.1, 02 2
0.5%7} Z+2} AH&-= itk UPE/VE E™=9] 7ol =
0.2%2] w7} E3= UPES} 0.5%2 i<} 0.2%9]
S-S AA7E E5l VEE ZH 50:50, 60:40 1]
7030¢] A} Hes Fulstel o] ALslsic)
=3 olE Al 249 3= FAE 47 20 mg A
4% HEol FRAA 180 TolA Az dolA
10~30 Afol] Azt WshE FRA wwA A%
A F AdHer n/nE z7A ] AR
F0)% F DSCE AHgstel 43} 4uhE Basiank
T AR 4 S AR SE5EE 10 T
min ©]3 o™, °F 75 cc/mine] A7} FAEE 27100
A 33}t Zb thermogramel] ©fdF Ekm]= Thermal
Solution™ (TA Instruments, Inc.) L2135 o] &3}e] 2t
4 =39 integration HH o 2 Ak} th

F7] ZFAIZF 4. UPESF VEO| A9 u& &
dE A BEANE SR BEARE vk
Wo] 14 mmel FAIE AHgste] 27t 5 mLe] 2
7} AR ZEe slgeld gle EHle] #alsta 7)
ZL8F glass plate 915 A7 S8l 285 Al
& AgoA EA3TE Al A8-= UPES] W
RS- 0.2 wt%o] 1L, VEL] Fwll 3582 0.5 wt% 18]
3-S5 A1 o] S 0.2 wi% o] At

FFF 4. 02%2] Fu7t = UPE, Fojjel vk
SEAAZE ZH2 0.5, 02% = VE, 18|3 o] ER
F4% UPE/VE BAx=2] xA40] 50:50, 60:40, 12|31
70:300] H =5 dFd 48 AHE ERsklch 7
Zke] A mE ARE =X Fof L&A T8 A
SHAA Ax3E AHE A to]olEE E(Isomet™ Bu-
ehler Co)= ARE-3}e <F 20 mge] AAMLE EofeoR
Agk & 54 ¥ (thermogravimetric analysis: TGA
951, Du Pontys 53l M-S AL 25
= 10 C/min®]$l2™, 80 cc/min®] A&7} 3=+« &
71004 2431300,

2% 24 274, 2994 240 445 UPE,
VE 183 =4 UPE/VE H3= Ao dlgh &3
E-A1& 75213 7] (universal testing machine: Instron 4467)

I

AN

17

122 o5, =5%

Polymer (Korea), Vol. 27, No. 2, 2003

& Agale] mAsgeh 54 ARe 4 24 240
WE AREo] U] EHARE o 20% Fe i
MR F o) AR UelA o 308 7 V)%
g AAstn AelE Bre] £ $3 Az )
55 T4 8217k 80 TellA 1 A7k, 133 110 CollA]

2A17F Sk AR 0 = kA s] A 3hAIZlk ASTM D-790
o ejAste 34 =3 AP TG, ofd| span-
to-depth ®]+= 16°]3lt}. Crosshead 4%+ 2.1 mm/min©]
ot} Load celle 3 tono] vl =3 7Fx e} =+ A&
< 10709 A"l Higk SAge 2 st 2A
stick

3. 49 U EE

UPE, VE ¥ UPE/VE 831=9] 73} AF. 4ut4
07 ZEo2E] BE: O 5= $x]9 A3} AL v
5 Bl 2 o= o] HkgEo] FAld Zd=
I, ke 4] A= BE Ev), ieEAA|, &5 5
of A <o|&3lr] wjFolth 1y, dnkdew &

=]

H2 kS W7l S o2 2| A Sl == vk
NAAZY st o2 Eal=o] AfeiZs A3k
HESA) Ao Al 2eleldl = EE]of|2E] e} vk
slo] EA} ARES AR TtaE] o] EAERS AR A
3= AA sk Aotk

Figure 2= vl ¥Fo] UPES] A3} A5l v+
F3HA)Y Fulle} vh-SEAA| 2] o] VEQ| A3} A
Foll ¥A= GBS AAFAILFAE ARESLe] =
ARgE Adtet}. Figure 2(A)olA Af-eho] el A
A3hke-2] JMAIS $)8F MEKP Eujjo] 3teko] Z=7)3F
5 UPE A9 2 sjays W2 x4 a3}
Fdow 1 u39 Zx FolHE & 4 Yt o= A
b 4 a8y F& xS 0A AR S
vepdc) 9= HiAe MEKP &EFel wel 90~
105 C Afolo|A] @ gic}. Table 12 MEKP 3ol
g2 2y v3 2xe}l whgoldu]e] wHilE okt
Azteleh. WHgAlEsl= MEKP FeFe] S714E 5
71kt &, S0l deFo] SUESS A A3 ik
] ©Ss shA =it 2 AdoA ZAAs g
7] Salla 5ol 934 Baxl wie} o] 2 AE}o]
W@ T3 9 UPE 24k A9 ole AR 25
o 93 Aty ALE=ch? MEKP7} 0.2 wi% E3H=
FA@)e] A5 2 o)) vl 23= A5 2,
105 C o]Fo|A 23} & 33} v]=27} dAYsISTh o=
FakE UPE Aol -5l RES-AAle <8 g3
iEel Ae® At & 7P A2 3 02 wit%

Ee2|H, A27¢ A2F, 20034



Polymer (Korea), Vol. 27, No. 2, 2003

—=(c) (UPE:CA)
AN (d) (a) 100:0.2
(b) 100:1
(b (c) 100:3
(d) 100:5

Exo.—

0 50 100 150 200 250

Temperature (°C)

(A)

(VE:CA:AC)
(a) 100:3:0.5

(b) 100:1:0.5

(c) 100:1:0.2

(d) 100:0.5:0.5 /
(e) 100:0.5:0.2 ' [
(f) 100:0.3:0.1 |
(9) 100:0.2:0.2/ )

-

Exo.—

0 50 100 150 200 250
Temperature (°C)

(B)

Figure 2. DSC thermograms measured during curing of unsa-
turated polyester (A) and vinyl ester (B) resins with different
contents of catalyst and accelerator, respectively.

Table 1. Enthalpy and Exothermic Peak Temperatures
of Unsaturateds Polyester Resins with Different Con-
tents of Catalyst

characteristics unsaturated polyester resin

UPE : MEKP 100:5 100:3  100:1 100:02
enthalpy (J/g) 360 3538 3171 159.9
exothermic peak 90.2 913 96.6 104.6

temperature (C)
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Table 2. Enthalpy and Exothermic Peak Temperatures
of Vinyl Ester Resins with Different Contents of Ca-
talyst and Accelerator

characteristics vinyl ester resins
MEKP :Nap-Co 3:05 1:05 1:02 05:0505:0203:0102:02
enthalpy (J/g) 3123 3016 3385 244 300 1541 3027
exothermic peak
temperature ( C)

924 959 999 1474 1578 2082 2141

(a) (UPE:VE)

(c) (a) Blend 50:50

(b) Blend 40:60

(b) (c) Blend 30:70
o
X
L

50 100 150 200 250

Temperature (°C)

Figure 3. DSC thermograms measured during curing of UPE/VE
blends with different compositions.
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Table 3. Enthalpy and Exothermic Peak Temperatures
of Unsaturated Polyester/Vinyl Ester Blends with Di-
fferent Compositions

characteristics UPE/VE blends
composition UPE : VE 50:50 40 : 60 30:70
enthalpy (J/g) 2452 2552 256.5
exothermic peak

. 1342 136.2 137.7
temperature (C)
180
(UPE : VE)
160 { = Blend 50:50
A Blend 40:60
g 1401 & Biend30:70
£ 120
[}]
£ 100 |
=
> 80
°
L 60 -
40 3
20 T T
0 200 400 600

Exposure Time (min)

Figure 4. Variation of resin flow time as a function of exposure
time at ambient temperature for UPE/VE blends with different
compositions.
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