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2 o Bx3 Zzlo) AHlZ (unsaturated polyester: UP)9] HMAZ Bo] Al&EE= AW ¢
2 (SM) iAo 2 Zghale] faRol 227 e vl offlHlo]E (VAe), WlE ol g o]
E (MA)E SM3 93l ALSS6E W £ g UPY 7IAA E4 H3E =AY
o} SM/MA E8A= MAEH Zvlel oel dxd oz e gdo] vepd ¥, SM/VAc
EFAY Aole VAc B3] 8=k F7ld & A4 $4& 7dsliz g8 Ao v
eldtl. oj & @Ahe AA A9 fEldol 2z AF aae) AR o g8 @3l gl u
)= Zh g e] ol MR tar] giel Ao HHHYU

ABSTRACT: We investigated the change of mechanical properties of UP using mixture of SM
with VAc or MA that have low glass transition temperature when polymerized instead of SM
only for diluents of UP. In case of using mixture of SM/MA, it was elucidated that the tough-
ness of UP was more improved than using SM only. But in case of SM/V Ac, it was observed
that the content of mixture could not affect on toughness. It was concluded that these results
are caused by the effect of each diluents mixtures on stress-relaxation due to phase separa-
tion and on decrease glass transition temperature of UP is quite different from each other.
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$ A. 1000 mLe] 3 ¥H37ld ], =4,
Wzty), B84 7hx (Ny) Ed#e 3T 5, 9%
A9 F4 LAY By g, z2dd 2EE
1:1:2(147.09, 222.18, 228.03 g)9] Bvlz Z§
uhgle Wan wgr] R 2=E 4 oF 80~
100 'C A=A MM 719@ ohg Ax #497] 8
o 1~15A17t B¢t ¢k 160 CHEZA 71GAIFIR
A awsid. 232 247 B¢ 190 2 7HE
i HE 447 B9 200 CTE FAAFH wwt
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oE N uE BAER QA= E HO09 AAL I
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& o)g&d. AF £ 1gFd gFHEHAD 7t

Table 1. The Physical Properties of Various
Vinylic Monomers®
PS PMA PS PVAc
reactive ratio 075 0.18 reactive ratio 578 0.08
() ()
solubility solubility
parameter 17.52 20.7 | parameter 17.52 186
(MPa)l/Z (MPa)l/Z
glass transition glass transition
temperature 100 10 | temperature 100 30
(C) ()
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2EAI7|E F33h=d Yad gvlele delags
g 9uisin] 24 e AR 2g9 WEYE, EF
A (30 :70)EYAE 50mL 7HEtn LA F
0.1%¢] E]J2E= (thylmol blue)$} &3] (phe-
nol red)2 ¥ E#AAI}E 2~3%E 718 o
0.LN-KOHe] 248 &£3gdoz HAY3n ol e
BANEG ol g3l A7l AAsg ).

Acid value = [(T— B)x fx0.1x56.111/W

T: Milliliter of 0.1 N KOH solution required for
the titration of sample and solvent

B: Milliliter of 0.1 N KOH solution required for
the titration of solvent

f:Factor of 0.1 N KOH solution

W:Weight of sample in grams
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30, 60/40, 40/60)2] &3 n\dA] DA o) LA
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Perkin-Elmer DSC7E& AME-sl9ch A8 EA=
10~20 mg M2 3l 80 CAA 2417 5% 5 &
3gA 2Aysle 9% (released heat: AH)TH
300 'C7H] 20 T/min®] 4242 (D)2 Z3E A
FWA LR (total heat: JH) & 2Astsich. o
T @ojF BHE EdE g 4 o] 3l AP
(X)& T3t

X=A4H /4 H,

%% Paar Physicarle] UDS-200& o| &3l A
HA7HE FA3ATt oJWf cone and plateg AN
&l 30 C2 =8 aAF ¥ 100 1/s9) Agtgz
HALPE A £ 4o 24 ©E A
A feldol2xe}t e AHEL 35x6X
3mm 3719 solid bar#efo] AJHE AZF F o}
AN 2 UDS-200& AHg-3led #elaiych. olg A
P& solid bare] ¥EE 1AXNZ H HEY ¥y
g o3l & Al dudEe B3 A%
4 1Hz AE 0.05% 2 A% 2%E 5 °C/min
2 F2A7EA SR AskE AlEe]
X, 7] @A4¥, AAs=Es 9% A¥7] (Instron
Co. model 4465)2 ASTM D-760 3734 ule} %
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AFLEE YAEHe 4 =4 2 5719 AHEE
3% 3 2 HEge Aoz JHQn. sdue
e E ZARE] A3 JHEE vl AlEE 94
A9 g7ol FYEA F BPA AT SdA ] A
HES 47 24037 oMM B 8217 42t mo] A
A AETE AAAD oy, 4412 B AgAZRT)
M A2A A olls &9 E AAsE. o Ald
o] meide] FHE Fog FHT F FAL Ax &
w7 (Scanning  electron  microscope, SEM,
Hitachi S-570)& o]&3}o] 2000u) 9] vj&2 z =
gHe] v 2E s

Aot ¥ oF
=4 84 Figure 12 #4% UPY 'H-NMR
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Figure 1. H-NMR spectrum of synthesized UP.
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Figure 2. Schematic diagram of UP/SM reactions. A,
B: intermolecular crosslinking, C, D: intramolecular
crosslinking, E: branching growth, F: styrene
homopolymerization.
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Table 2. The Heat of Reaction for UP according
to Content and Composition of Reactive Monomers

SM/reactive reactive monomer
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Figure 3. The curing mechanism of unsaturated
polyester.?? (a) the beginning of the curing reaction,
(b) microgel formation due to intramolecular reaction,
(c) intermolecular crosslinking reaction between the
microgel particles, and (d) macrogelation (———: UP,
------- : reactive monomer).

28y oA AFE ey FHe 9@ udA
DA E AT HSoln oW HdYAANY F £
F ol el HgA DFNE AMESINE HolE o
dl 7HA] ghg- 9o HidA gty FEER 4
2 U3 ol & HIEA dEp Bl 9% UP9) Vim
7} dojd & Q& Ao Ay} B3 o ¢
Ao F5 wel UP7 A= o 7la 9k 3%
& vehd Folg} o dEo] 3l vhg AAd A BAY
e 9%3E Al AE vusy] $s DSCE
AMgslgen, 1 ZaE Table 29 Yehgich

Table 2414 & 4 21%°] 300 T7A &35
ZEAAE e Hr/ME udA 9 MAs)
VAce] gk fAIgle] A I 2EHo] et
the A& & 71 v 22y 80 CAlA e 57
3le] Afdle Zt 9BA S Fdol ~7}§ 2 4
%ﬁrol ?4_01le Ag & 4 ded AL 80T, 2
Azt Fete] A wkg 2ANME= MAL} VAc7}
73} ik 283 ZAQ3pA] Rapr| dEolzt 4G
"l E§ T AE vas £ 9 VAcst AE A
dA o AT APge] AAE E 5 Ut o=
MAZ} VAcET} A WoAe] kg dujdoz o

#2| A25¢ Al33 2001 59

fonomer SM/CI(\){IJ:;ersxon SM/i:\fersion
ratio 4H, 4H, %) 4H 4H, %)
100/0 346 293 85 346 293 85
80/20 330 250 76 321 217 67
70/30 322 242 75 320 178 55
60/40 320 230 72 307 144 47
40/60 317 215 68 312 101 32
0/100 310 84 27 298 47 16

“4H: Total heat, ®=20C/min from 25 to 300 'C, 4 H,:
80 C, 2 hr, isothermal.
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o] AAEE ZAR Bkl dwrdo g A7 $
¢ A, A LE ER e PHdlE A 574
3l oA AFRGAS (G SHABAASF(G”)
7t M2 BARAE A7 F48hs Sga Az =
E AR (mE ZHE 2 H=r) F3s 2 g9
AZbg AsAte g HIe F /R e £ UAe
d 28 AE=s 10%]4 104 Pa-sdl 2238198
o) A|7he Ao g FFlr). oju] o] AYPo
A G =G"o] E o] AlZte] RHErs B g
AR ok madn dEA JAoh? 2 ojfE vt
€ Z7|9 ¥AE microgelo] F¥eA QAo JF
& 3A WXy gEolgtn &HA vk £ AP
Ne F 7K B 3 @A 24 B8 A
ZHe AT Figure 4= vidAl dadale 24
7} Fedd] ulat A3 7M. ZAR dajelt). Ol
A @ F %ol SM/MA, SM/VAce] F A 2%
Ae] FAEHA MAS} VAce] @%Ol Z7V3l uhat
AzAzlo] A AE= E4E E 5 Ut} ol UPs
SMo| uhg-3le] microgel & %)QE}T: HAA =
MAY VAc7} Asle) ¥doe J%L vjxzx 2§
v, UPgje] whbgAe] 713 #& SMe] ke 4
dyez ZE7] WEolagt AzEnh. uaty
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Figure 4. The change of gelation time according to

content and composition of reactive monomers.
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Figure 5. The behavior of loss modulus (G”) of SM/
reactive monomers. (a) SM/reactive monomer=_80/20
and (b) SM/reactive monomer= 40/60.
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zolof| o] elzt dolwty] WEolth

Zst AlEY IR B4, Z3 F AHE vE22n
€l 12x]7} ¢t Soxhlet extractionA]Zl t}& 3
29 B39 4E& RS ol &8 B4 By
Figure 7914 ®%o] EF H'dA S| Yol 3
£ o= A SYFT IR FRE 42 + ARAq
Figure 8alM A& &7 vidA 9o gade] 40/
602 #$ol= 3400~3500 cn ' B2 FBE o
Ay A xolE BRAtis AE & F UYL

Polymer(Korea) Vol. 25, No. 3, May 2001



EE3 Zeld2bE 29 FAdd BEA BRI v a9

10®

1
0 20 40 60 80 100 120 140 160 180 200
Temperature (C) ——

(a)

10°

10*
10°

102

Tan &

[10
13000
1

107!

1072
O 20 40 60 80 100 120 140 160 180 200
Temperature (C) ————

{b)
Figure 6. The behavior of damping factor (tan &) of
SM/reactive monomers. (a) SM/reactive monomer=
80/20 and (b) SM/reactive monomer=40/60.
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Figure 7. The IR spectrum of SM/reactive mono-
mers=8(/20 system after Soxhlet extraction.
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Figure 8. The IR spectrum of SM/reactive mono-
mers=40/60 system after Soxhlet extraction.
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Figure 9. The tensile strength of UP resin according
to content and composition of reactive monomers.
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Figure 10. The elongation rate of UP resin according
to content and composition of reactive monomers.
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Figure 11. The toughness of UP resin according to
content and composition of reactive monomers.
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(a)

(b)

(c)

Figure 12. The scanning electron microscope of fracture surface in case of SM/MA system. (a) 80/20, (b) 60/40,

and (c) 40/60.
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Figure 13. The scanning electron microscope of fracture surfaceé in case of SM/V Ac system. (a) 80/20, (b) 60/40,
and (c) 40/60.
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