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2 o B¥3} eld2H|2 4] (unsaturated polyester, UP)= g EH IR} $A2 A=
7} Rol thE BgAE FHE Sol3l o]4¥ = o WS BYPAE A2 Wo] Kol Q)
t}. 22y UPE A3 ¥ §97} 5-8% 4% 74 s dgeldl osin brittledivh= 44 & 71X
3 ot ol # EAHEL HAs] 98 v TR/ A< ER9E B3l HAdE=
AFEe} FRHA D Uk B AFAAE UPUde) E8) -39 (polyurethane, PU)& =9] 8
o ZAAE PYANTIA ol FzlfElete] soft segmentd] Fel&ol UP/PU 1A YESa
TN A PiXE ¥ AWEgd. UP Udd 3=8ir)d sidro]irjohlole
(methyldiisocyanate, MDI)& HA wgAZlez2d PUE UPZdd =¥ & Utk UPd
& PUS $t8ko] 2wt% Y w7} 718 & A4 @& By ol UPsl PUY Z{d 9%
agolny 1 o] W AUA FEo] FAF= Re VSRR EA: & WEU Aes
oA, 22l Falgel $AFe] /184S £2le] 3yl XA Hol 383 vgd F
o3} B57] g AJAA g "ojX= Aoz JEd.

ABSTRACT: Unsaturated polyester (UP) resin is one of the major thermosetting resins. It is
very useful as the matrix resin of the composite material because of its low viscosity. The
polymer resin, however, has several drawbacks; The volume shrinkage occurs during the
crosslinking reaction of the UP resin with styrene monomer and the resulting polymer is
weak to the alkali and also brittle. The mechanical properties of UP resin can be improved by
blending various materials, In this study, polyurethane (PU) was used as a modifier in order
to enhance the toughness of the UP resin. The goal of the research is to study the effect of
the polyol molecular weight as a PU soft segment and the PU contents on the toughness of
PU-modified UP resins. UP/PU polymer network may occur through the reaction between
isocyanate group in the methyldiisocyanate (MDI) and hydroxyl group in the UP molecules.
The maximum toughness value was shown at 2 wt% of the PU content. This effect results
from the incorporation of the PU segment into the UP resin.
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Figure 1. Schematic diagram of UP/PU IPN reac-
tions.1?

9tt. IPNoJA UP+ PU u¥hgd] “solvent effect”
& PUL Ex3 Zeldxgz2 vkge] “solid ef-
fect”& B2} IPNg ZAIs} 7AIA) 2] W3l <
A= ALl A AR YE-E Budc

Figure 12 UP$¢} PUAJolo] IPNE EA|F o=
Jeld agoz Fao|aAlopdo]Eg] o|iA o
o|E7|¢} UP L Y& 3=FH7] Alole] ukg
d 93 ¥ sk YEYart aztzEedd. o
Al 2Hlg grafted-IPNo|a} g}l

XuE-&1® UP/PU hybrid polymer network (UP/
PU HPN)olA ¥ Ass $34=de] #AE
A7siank 1 A% HPNe| 4ie) ASe A4s
ZAYOZA FAREE PINE F gled UP/
PUo| 65/35¢ w7} 713 AA <] $32=E Ueh)
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Table 1. Basic Properties of Unsaturated Polyes-
ter Resin

Table 2. Summary of Materials of Polyurethane
Components

resin type viscosity at  styrene company functio- sample . OH-value  composi- company

25 °C (cps) contents (%) nality  No. mlKOH/g  tion

™ . Ackyung MDI 28 C-MDI 400 polymeric MDI Korea Polyol
TP-183" ortho-phthalic 784-960 5 Chem. PP 1000 1000 113 0P
2 PP2000 2000 56 PO

Polyol PP 3000 3000 35 Korea Polyol

A 8 PP 3000 3000 56 oerd
3 PP4000 4000 £ @ ° gpo
PP 5000 5000 31

Mg B ARIM A" UPe HEos AMeH
£ L2E-Z8A F=2 JAEIFEAEY TP-
183™g ALg-5191om 1 BA& Table 1] jehi)
2t UPY] 7A3jvtge] AN fAAIZE Yud=
diflolEd] £3" 55% HWIHAEAEH A=
(methy! ethyl ketone peroxide, MEKPO, °}733}
) 8-4& AH-EATh UP g =93] 93 Al
$¥ PUg #Adle FY8e nEA diEdjo|2A|
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28%¢<] crude MDI (C-MDI) & A}g-3l9iz, &8
& #Age] zbzt 1000, 2000, 300091 FgAdo] 2
A FAE EEgn Aol Zzb 3000, 4000,
500041 zHg-do] 3¢ E2&& AME3IGH. ol &
gee 2% Zdgz Faeor) S uhee
Zujz e oplEd &8AIZl 25% TRER
S-#olE (dibutyltin dilaurate, DBTDL, aldrich)
898 A3 r). Table 26 43 Algd Eg
o|AAlolle| ESt )& 7| A& JehA
o},
UP/PU UIERZS =, UP/PU 3182 Y ES
3 EA Y Aze F dA vrgoz IFPHYch
HA UP<} MDIE A2oA WX UP wete
3 =547]9} MDY o]xAopio|EF|E 3] ¥
AU g &L, UP9 7§41l MEKPOE o
A% Az A/FE F 6027 mukA7]a 80 C
A 1At EAlA Aedc. UPst MDIE
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IRAZ ) ¥hgo] B F ARoA 24412 A4
U F71A% B 48E ¥t
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AEZ 100W 2AYsd veATE FFIAG
& #HouE (Parr Physica Co., UDS-200)2 UP
o} MDI ERES A7t e AxH3E AuEgL
t}. o]¥ corn and plate® AMR-3I AFd)A
10059 AFrz JALY PHE o) 45U

UP/PU HIERIZ 2| ZoiN. ¥ QY $3¢&
A3 A7) (Instron Co., M 4465)2 ASTM
D-6387tAel w2l 5 mm/ming] $x2 JAFHYPE
sk Zt 24 2 Al SU1Y) X9 HE e
aich

SEN. 9847 (Rheometric Co., U. K, STA
1500)& ol&3td Ardir 1000 C7A 10 °C/
min®] FE4EZ 7IE3HA A3NE Foff Fojq]
£ vleheg iAo EAE B
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UP/PU Y E9|3 #4). Beer-Lambert ¥ & o]
431 FT-REAANA F5E 2% =8 ¢
F AL o= 4 (13} o] B

A=c¢c! 1)

q714 Ae F4EE Y, & EFFASF,
ct 78 EAFY FE, /L H2E A& 74
€ 27 Jehdr). Yangs} Lee!® g2 |71 it
HHeEe] Fxe] HEA e AEE Ao
o} Jin®} Meyer&!® FT-IRZQNA F53a9] 7
22X w3 A& AP

Figure 2& UP$} MDIV} uhg-A] AlZhA 3o o}

73



BP P HEY - A4

omin
30min
N 60min

90min

120min

2000 2100 2200 2300 2400 2500
/ \
A ;
o=t B 1
0

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™!)

Figure 2. Decrease of a characteristic peak absor-
bance for MDI/UP system during reaction.
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Figure 3. Viscosity viersus time plot of materials at
room temperature; @ MDI, @ UP, o MDI/UP=1/1,
v MDI/UP=2/1.
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Figure 4. Conversion of different MDI/UP molar ra-
tios.
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Figure 5. FT-IR spectra of samples. (A) UP, (B) MDI/
UP blend, and (C) UP/PU system.

Al Z8 L3} vl of a4 3 =Fd7]9e
g Al EE 133 ¥ Folx Ayl o]kAoh
o|E7]7} Holgle FHHI} 2/1Q APEE nEA
YEYa T Azl AR -
ojaxlopilolE7|2 vid UP ddd thA Fe&
& WAA A37E UP/PU gz YEHA
7L ol oy @ g FT-IR #%7)
mz0] W2 H AU & lEd Figure 5o Yt
gt A= wgde] UP, B& UPdl MDIE ¥+
A ¥ a8l Ce MDI/UP E£fEd] Zejdg
$A712 AN F¢ FT-IR 2¥EJE 42 ot
ehdch. UP7t MDIg} whg § AW 2275 cm™'9]
ojxAopo]E 37t CaME Eage =54
719t wrgteoadq AlEAA €k EF AdA
3620 cm1829] 3= EM7) A= MDIY ojaA]
oo E7|9} whejto =M AlekAA €t ol2M
284 QELI X7 PAEULE ¢ + ot
zolN, 7AAAgeld oW aRAEAAA ur}
Yolyr]74x] e g AN el duixe Foz HeH
o) QRPN $¥-9Y T PAA oz e
Wrie #ch” a8a Bl RIAE F7MIII7I
AN ARAF BEE AU sEez A
AsAY opE LRAE =YFrE Bk &
&8 PUY QlolA Ee)olaA|opfol 9t §A] FA}
&9 729 BAE BAAE /M8 F8F oot
23 FAEY #%E 7z #4153, OH-Value,
aela B84 Sol BAd 4 £o1.2 B 4Rl
AN UP/PU 28 HE]a ETF/A 744 &

#2jol A257 A13 20013 1€

30

—8— PP1000
-0 PP2000
—w— PP3000

Toughness (kgf/cm?)

PU contents (wt%)
Figure 6. Effect of polyol M, and PU contents on
toughness in UP/PU system.
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Figure 7. Effect of polyol M, and PU contents on
toughness in UP/PU system.
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Table 3. Elongation of UP/PU System

PU content elongation(%)
(wt%) PP1000 PP2000 PP3000 GP3000 GP4000 GP5000
0 22 22 2.2 22 22 22

54 49 45 48 44 49
52 41 36 34 41 45
50 38 36 36 37 40
49 33 32 37 31 33
53 30 26 37 33 35
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Figure 8. TGA thermograms of UP/PU system.
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