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Q ©of: B¥ 3 Zeg|d) A E (unsaturated polyester : UPE) #319] 7|48 B4 ZAAZ1 27
o2 Nz tE FEFE ol&sld UPE #A& Azt FelZ 24 ethylene glycol (EG),
propylene glycol (PG), diethylene glycol (DEG), dipropylene glycol (DPG), neopentyl gly-
col (NPG)¢} AR4E24 F4x82) (phthalic anhydride : PA)® F42a]4} (maleic anhy-
dride : MA) ERE (1 :18Y))9 &F§oz tlUddt UPE #A8 AR 44 2 A3 39
EA4e zAlelgch wkgAle. NPG>EG>DEG>PG>DPGe) «o)ieny, EG2 #A%d UPE
A 26 g (SM) ol ti & falle £Foz E59Ysla, A0 H35 Reldgdo] ¥4
i), A gH FelFe] R3] 5848 UPE 42|29 A=y Yolfa A3Ae Z7lsh= 7
ke wloh 73l X9 4 Z¥E NPGe PGE AlZz¥ UPE #£X&= #9AL, U$4, a4
A%, FLHE7L $43% vid DEGe EGE ¥ UPE 421 44 9 o3 go] dojA= A
2 Jelsdth. NPGe} PGZE A28 UPE #3)9] 71414 84o] $43 Aoz BAHYr}

O
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ABSTRACT: In order to improve the mechanical properties of unsaturated polyester (UPE)
resins, the UPE resins were fabricated using various glycols and characterized before and
after curing. The UPE resins were prepared by condensation of mixtures (1 : 1 molar ratio) of
phthalic anhydride (PA) and maleic anhydride (MA) with ethylene glycol (EG), propylene
glycol (PG), diethylene glycol (DEG), dipropylene glycol (DPG), neopentyl glycol (NPG). The
reactivity of the condensation was in the order of NPG>EG>DEG>PG>DPG. The opaque
UPE resin with EG revealed phase separation in styrene monomer (SM) because of low solu-
bility. Viscosities of the UPE resins decreased with increasing molecular weights of the gly-
cols used. The gel-time of UPE resins tended to be increased with higher molecular weights
of glycols. The UPE cured resins based on NPG and PG were found to improved hardness,
water resistance, tensile strength and the flexural strength. The UPE resins of DEG or EG
showed poor water resistance and low tensile elongation. Among the UPE resins prepared
from various kinds of glycols, those of NPG and PG showed better mechanical properties.

Keywords: unsaturated polyester, viscosity, water resistance, mechanical properties.
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48 Mg 2 HgdA 84”8 UPE FAe
orthophthalicA|¢! m&Ad o] 60wt%¢ FRP&
UPE A& #A3sdc. Tade A 3AdAle]
phthalic anhydride (PA)E Alg39n, E¥34
£ %4349 maleic anhydride (MA)E& Al&3}
4. UPE £x9 Azd Algste= FERE 2
245419 ethylene glycol (EG), #32AAMZ
Ate] propylene glycol (PG)2} dipropylene gly-
col (DPG), AHdA4318t4te] diethylene glycol
(DEG), neopentyl glycol (NPG)+& BASFA}e] #|
& ARREih WA HAAle A3
styrene monomer (SM)€ A9 2HSAAE=
hydroquinone (HQ)2.2 EASTMANA}e] AHES
AH-E T FARAE AYITA(F)AY cobalt
naphthenate (5% in toluene)E AM2-3lgon, A3t
A= A71ZojAle] MEKPO (methyl ethyl ketone
peroxide, 55% in dioctylphthalate) & A}g-3tg o).

FX| 4. UPE #x 89 98 F¢9 832
Table 1o vepd wje} Zo. & (EG, PG,
DEG, DPG, NPG) 3} X314 (PA), BE34H (MA)
A8E FYsn, Fa 297 slAM 90 CHA
120rpmo.2 wWSHA 210 C7HA| $2319 ¥rg
€ YA FT} (partial condenser?] SIHE] &%
€ 105 Coldlz #]). A71E ASTM D 1980-67
o wag} ¢FA4 KOHE £33l 40 mg KOH/g€
g7z & APso wgFuEde AR
190 Col3ldlA FHEANAE HQE 0.02wt% $Y
&1, WA 9P E SME Hol 6087 muksio
UPE x| & Az}

Aot £=X|9| 2M. HHE A4 £ BHL 2
a7t 98] 25+1 C Fe&Fzo] AT AEE 30
7t #AANY % ulF Brookfield Engineering
Lab. A}¢] Brookfield 3]d % x| (LVF-100, spin-
dle #3, 60 rpm)E A}g-8ld ASTM D 21969 £]
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Table 1. Recipe of the UPE Resins Prepared from
Different Glycol Molar Ratios

resin name EG PG DEG DPG NPG PA MA
UPE- 6 01 0 0 0 0 05 05
UPE- 7 0 01 O 0 0 05 05
UPE- 8 0 0 01 0 0 05 05
UPE- 9 0 0 0 01 0 05 05
UPE-10 0 0 0 0 01 05 05

Astd ZHsi¥et. AsAe ASTM D 24719
Agudl met 25 ¢ 71EFE FAA FH3A
oo, Wigule UPE 42 100 wt%ell tidt] 5%
cobalt naphthenate 0.5 wt%, MEKPO 1.0wt%
oz gtk 39 M2 Gardner M ujet
2R3 98 WA 23mme] 74 $9§ g
Agdo] 100mm Fo] THF A& Y KS-M-
33319} 4.228 02 AZH Gardner M FFYH}
Hw3le ZA4sAot.

A3 X9 EMAUEE Af FEE M= FY9
o AEH Tl uiE B, 58, 8487 E, o
3=, NE, 2FEE 538202 3.0+02mmE
st BHSA wnae Fele 20 ARg-Elo, &
% o) ojgA 2 olgeas Web AZARAT. ol
PYAHE X0 2 & 2ufjo] T Alojd] FHA FHlg
F4do] Bl £ YLE cAYe) 1F A=
10 mm #£9] spacerE 7|93, B3} spacer7} £8
3 2AHLZE jig2 249 FET UPE +74
100 wt%, 5% cobalt naphthenate 0.5 wt%,
MEKPO 1wt% & 2 Eqsld 724871 &4 7]
XE g FArh 7127 AAD #AYE FYT
F 25 CollA 2442 /A ZEAAY £33
€ 80 CollAM 3AZt AZAZ. FHwo gy
oA B e, o9 o] AP FY o
Al A EEEd] met A PEE A FsiA .

A3 £X9f M. F= £AL& Barcol A=A
(934-18) & Al&-3ld KS-M 33059 Al uhid)
wet FA3A Fred FYFFEL Ho] 75+
1mm, £ 25+1mm, ¥4 3.0+£02mme F¥w
AgEE KS-M 33059 Aol we}l Agsied
o F5E&S £ AEE 5012 CY Fo3H
M 24 21X 7tEA ] dte] HPsta 25+1 T
FRT §d94 27 Ut 3E9] 3L Ha 3§

&2 A23¥ A63 19993 11€

Z3lact. AlHe 7371 Zo] 75+1mm, & 25+
1mm, 54 3.0+0.2mmeg I FF&L Y
o AR 57 o)de] ¥4 EE HEWLE FIUC
BYEFES Fred TYs 100 C B B4
A A EHE 2AT BN F BAFTEE HEF
o2 el AZE FEA] AF B4 ¢ A8,
23 EAe ASTM D 638 @ ASTM D 7902] 4]
Fulol wel APHS AFsle £ 5 tond
InstronAte] Instron 4204 seriesE A}gR-3ld A&
A &H3tg o, crosshead speeds= 1.3 mm/
minZ, span& 50 mm= ¢}
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o] W2 o] B& AREH FE|Eale I
Holl ~el 235lo]t}. Yo AH 23h= ol Ae| 22§
gAugo2NE 71 dBAQ Aoy’ B Ay
M UPE A& 2E/E g8l 54 849
Gl A 714 Rog Ao, FFL W3l
A719M PA, MAstel $5%¢ Axsioh

Fig. 1& 7 WAooz ghgAzld e
£ Uepd Aol wigEE AZbEE Wte
o AL Tt Fig. 194 UPE 47t
40 mg KOH/g¥ w79 wrgAIzte 222 (EG,
PG, DEG, DPG, NPG)d wa} tt2A uvehdch
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Wg4de NPG>EG>DEG>PG>DPGe £o|

onj, AQE UPEES] Zyldle Ao 44 ug
T & o} Hxp Alzlo] Zxgd) wlal 2|2
melA zolE Jehliltl. 222 DPGel A=
FHE-AI1ZE 210 'CollA] 8AIZE Fo)l Afg-o] 89.2% 9]
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Figure 1. Degree of reaction vs. reaction time for var-
ious UPE resins at 210 C. Polymerization condi-
tion : Glycol/PA/MA =1.0/0.5/0.5 mole, temperature
210 C; rpm 120.

NPG>EG>DEG>PG>DPG #£22 U= A

Hhg-o] MaElo] e AZ whd u) gy
@519 F7F AR Q@ Aoz AR
oAt £=X|o] 24. Fig. 2& UPE @A wt
4 &34 SM 3|M HEE Jehd Aot g
#o] 60wt% <! UPEel = EG>PG>NPG>
DEG>DPGe] wolglen Ezlso] ¥ DPGE
o] &5t Fut R ghg el SeE9] ¥
Ao F45 HAEvl Wolxle AL 4diFHd 2
Fo] gl o3l dAFHT £x3l 2% FUt
ol wet Jeluds d4doz wadn. 4
o Yehte % A= AMHE 2229 231,
Bxspie] 72 9 £A%, UPE F#x2 SMzie
444 B3 2 WAE e ez Add.
22Z EG2 Zsiit, EXsiido] uhgso] g4
UPE #x& SM3} 2g-4o] Hal HolA H&dA
B UPES SMe| el @2dol 24sa, A4
A7t EFHEATE o2 § 4L EGe EAlgo]
23 22} AbEol ol UPEZ} SMo i &3
FZo2 Jehdes Aoz Az, g SM

o2 AN ©, AN BE ¥ YL B9

i

776

Viscosity (cps)
g 8 8 8

g

EG PG DEG

UPE resins

DPG NPG
Figure 2. Viscosity of UPE resins solutions (60 wt%
in styrene monomer) prepared from different glycols
at 25 C. Test apparatus : Brookfield viscometer.
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Figure 3. Comparison of gel times between various
UPE resins at 25 C. Final acid value: 18.4-23.4, sty-
rene content: 40 wt%. Curing composition : resin/co-
naphthenate/MEKPO = 100/0.5/1.0 (wt%).
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Figure 4. Color number (Gardner) vs. various UPE
resins of different glycols at 25 C.
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Figure 5. Density vs. various UPE resins of different
glycols. Cure condition : 25 °C, 24 hrs/80 C, 3 hrs.
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Figure 6. Barcol hardness vs. cured UPE resins of
different glycols. Cure condition:25 C, 24 hrs/80 T,
3hrs.
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Figure 7. Water absorption(%) vs. cured UPE resins
of different glycols. Cure condition : 25 C, 24 hrs/80 C,
3 hrs.
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Figure 8. Tensile strength vs. cured UPE resins of
different glycols. Cure condition:25 °C, 24 hrs/80 C,
3 hrs. Strain rate : 1.3 mm/min.
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Figure 9. Tensile elongation vs. cured UPE resins of
different glycols. Cure condition:25 'C, 24hrs/80 C,
3 hrs. Strain rate : 1.3 mm/min.
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Figure 10. Flexural strength vs. cured UPE resins of
different glycols. Cure condition: 25 °C, 24 hrs/80 C,
3 hrs. Strain rate : 1.3 mm/min.
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