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2 9 BEX3Z 2o AHZ (unsaturated polyester : UPE)E &ald¢ 23 28z dA 4
& A¥A7Ied AHSEd. £ d7oA 23} o]F7]4 (isophthalic acid : IPA) 3 B¥ 3 o]@
714k (maleic anhydride : MA)2] 2% (1:124))3} propylene glycol (PG)2} neopentyl
glycol (NPG) 9] &% 22129 £38& B3l §4stn 28] D24 (styrene monomer: SM)
2 Y43t oFd (PG/NPG 22|E BY7} ©8) UPE X & Azsto ZFE B4 A5
t. UPE 3 844 PG/NPG 22| EEd NPG o] 271842 whe (Arlasy
53€9) R A48 £49] HF £AFLS FrIle Aol ANYc). v Aty UPE 479
T8t SMo 2 B X% UPE 3] 99 et 28 Fej2%Z 9 NPG go] 21842 QoA
o 23, B3 AL (120 CllH) e NPG gadol 371848 Frlsks Age U
Biles, 53] NPG @5 AR Z$d] 20 CAM A3 £x)9 Bwxr) Fastgsy, o)
2 UPE 7] £217t9] 3|3t 7118 Aoz M=), '

ABSTRACT: Various unsaturated polyester (UPE) resins, differing in PG/NPG glycol molar
ratio, were prepared from the condensation polymerization of mixtures (in a 1: 1 molar ratio)
of saturated (isophthalic acid:IPA) and unsaturated (maleic anhydride : MA) dibasic acids
with propylene glycol (PG) and/or neopentyl glycol (NPG), and subsequent dilution with sty-
rene monomer (SM). As the content of NPG in a PG/NPG glycol mixture increased in the
preparation of UPE resins, both the reactivity (as measured from the acid value) and
the average molecular weight of the UPE resin prapared were found to increase. However,
both T of the UPE resin cured and viscosity of the UPE resin solution diluted with SM de-
creased with increasing NPG content in a glycol mixture. In addition, both gel-time and stor-
age stability (at 120 C) tended to be increased with increasing NPG content. Especially in
case of the use of NPG alone the transparency of resin to be decreased, probably due to the
association of UPE resin molecules. o
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2o §Ao] BgARe] EA v AdE
387 98t UPE 3 F§el digt & 8]
o] a7E ZAMIYY.
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MY Xz, 2 Jd994 8" UPE X 1%
80| 60wt%<¢l FRPE UPE #x& #Asycth
¥ 34ke SHELLAFS] isophthalic acid (IPA)E& A}
£3l9n, Exze disA3Ake] maleic anhy-
dride (MA)E AMg3lgch. UPE #x9 Az 4
g zole ZEEFFT FFIAIAvIZALS] propyl
ene glycol (PG)3} BASFAF] neopentyl glycol
(NPG)& AHgstaich. w4 sidAlE S7lhsilel
SME A5 8 AAIE hydroquinone (HQ)
o2 EASTMANALY] AFE AMSIEY. £TAe
A FTU(F )AL cobalt naphthenate (5% in
toluene) & AMg3tgeni, ZAiAlE A7|EujAly
methyl ethyl ketone peroxide (MEKPO, 55% in
dioctylphthalate) & AMS-31%ch. 2 Z3HA] ARR-
" FUAE 0.5 wt%, FAE 2wt 2 2P
tt. UPE #x9] 384& =A37] I8l Sophia
bussanAte] EHA 300 m¥/g, R 2.2 g/cm3, 24
€ 145 YAEE 0.022kcal/mhC9 Aerosil
1.8 wi% & AHg-stdch.

FX| &4. UPE 4 ¥ 98 FU3e
Table 1o} viepd wie} o). Z2]& (PG/NPG) 3}
EH(IPAYHEE Fstx, F4 €97] dolA
195 C7HA &3t g AYAAY. HFH 1
gAls A2 ASTM D 1980-67¢] wa} 424
KOHZ Z#%3te] 10mg KOH/ge] 8 wj7#| ¥hg
& AYAZh 194 dgo] B F LT Y=
of EX3(MA)E 718k 210 THA| 5238t
2924 %388 83 UPEE Alzdsen, s
ASTM D 1980-67¢] wtet %3ste] 40 mg KOH/g
E f7iA ghgg HYste wFeES ZFEA
o} 190 CAA FEFAIAIZ HQL 0.008 wt% &
43, FHMAz SME Fo| 6083 wuksld
UPE #x& Azs9d.

717| £4. 288 UPE A9 7z 24 ¢
7l S8 FT-IRZ 243tdch. HoJd 23N o
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Table 1. Recipe of the UPE Resins Prepared from
Different Glycol (PG/NPG) Molar Ratios

resin name PG NPG IPA MA

UPE-1 100 0 50 50
UPE-2 75 25 50 50
UPE-3 50 50 50 50
UPE-4 25 75 50 50
UPE-5 0 100 50 50

£ Japan SpectroscopicAte] FT-IR (JASCO FT/
IR-700)& AM2-3to] 4% UPE 53] Al8& THF
ol 12wit% 2 343ty NaCl discol oAl =2
og AFAZRI|NAN 3080 AEAI F B4
t}.
#4" UPE $x9 EX3e p]l3 WatersA=|
GPC (R-410%) & AM8-8td F33YL ANESETS
1.0%, A8327l= 10mg, p-Stragel ZYPL Wa-
ters HT6E 370& A¥=z AZso Alg3siyed,
25 CAlM fvlz& THFE AddYslgeon &&=
1.0 mL/mino|A] polystyrene EFAIS & AlL-31d
3T & FHFHT EAFE T

it X9l AN 5H W 4. AXFAIEHY]
(differential scanning calorimetry : DSC, Perkin-
Elmer DSC-7)& o|83t ZAstt. SM ol
40 wt% Q! UPE 432]9] A2 cobalt naphthen-
ate 0.5 wt% 9} A3A 2 MEKPO 2 wi% & 3715}
Act. A AAAE WS 94 A
10mgg Hsld ¢Fulgez WEod hermetic
sample panol] g1 YEF & F£xo HI}E A
AL B97] el DSC celld) Y414 10 C/min
o] £x2 25 ColA 250 CT7A Fe&AlZh A
o] Wgo] FUH F2oz YA ¥ o fa
Hol&x (TE &4 93t oAl 10 'C/min
9] £x2 25 ColA 250 T7A] $L&A1H .

o9 A4 A9 B4 FF8] 98 251 C
gt rze FAT ARE 087 /AXNY F o=
Brookfield Engineering Lab.A}¢] Brookfield 2
A=A (LVF-100, spindle #3, 60 rpm)& A3}
ASTM D 21969 oJAste FAsigch. Azt
ASTM D 2471¢] Agwgel g2} 25 ¢ 71859
£olA £3siged, wiguls UPE 43 100 gol
3t cobalt naphthenate 0.5 g, MEKPO 2.0 go
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2 3ok ARARE4L A 18 mme] {2l Agd
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Scheme 1. Synthetic scheme of unsaturated poly-
ester (UPE) resin based on PG diol.
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Scheme 2. Synthetic scheme of unsaturated polyester
(UPE) resin based on NPG diol.
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Figure 1. FT-IR absorption spectra of UPE resins of
varing glycol (PG/NPG) molar ratios: (a) UPE-1, (b)
UPE-2, (c) UPE-3, (d) UPE-4, and (e) UPE-5.
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235t W C=Cx 1610cm™d], Bxsitoz
AN MALS AFg3E® 1645 cm™ o) olefinic C=Cod
% F471 FAHUY. 53 F8Z PGel NPGE
olg3le F¢sE UPE #x& NPG &H|7t 37184
£ 1470 cm™e] CH, &F4¢}, 1380 cmoA CH;
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Table 2. Molecular Weight Characteristics for
Various UPE Resins Synthesized®

resin name M, M, M,/M,
UPE-1 1462 3278 2.24
UPE-2 1475 3540 2.40
UPE-3 1985 5002 2.52
UPE-4 1990 5174 2.60
UPE-5 1997 5456 2.73

¢ Measured from GPC run on g Stragel columns with THF as
eluent.
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Figure 2. Degree of reaction vs. reaction time for var-
ious UPE at 195 . Polymerization condition : first
step{Glycol : IPA=100: 50 mole), temperature 195 T,
rpm 120.
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Fig. 3914 vojx] 48 Bz} (MA)E 7} 2
A dl2H 287 e T8 ¥ 45} 9ot UPE-
19] 9o ¥gAIZko] 517t o] Wslgo] 85.7%
E yehtx, UPE-5¢] 7o) whg-A|zko] 347 &
of dshgo] 84%2 ¥ WgEs} Yehts sjol8
& T AAck. 4717 40 mg KOH/g® wj7=] 9] b
A F8E (PG/NPG) 2|9 g2t a4 o}
ettt ¥hgAe] 37)= UPE-5>UPE-4>UPE-3
>UPE-2>UPE-19] ¢o]3, ¥hgAlztog & o
22& NPG2 PG ujsto yhgAdo] 158 T
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22E9] 3o o FzHgAEL L OHloA <]
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Figure 3. Degree of reaction vs. reaction time for var-
ious UPE at 210 C. Polymerization condition : second
step{MA =50 mole), temperature 210 C, rpm 120.
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high bulky4] oo o3 Exe] gxFolz &
Azt Qo] Zhaell &% Aojth. whdq) FHH £
Aol FF BAFo] FE PG dF AMg Aee
UPE $x¢ T} NPG ZHlE F/AA 388
UPE 39 T2t £& & PGY #49% &4
Hre] Hoh & AL AFoz A% Y9 Lo]A
o 7% Aoz wodch NPG dxoz F§3t
UPE-5 #2)9] T2t 93.25 C2A 713 ¥ AL
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Figure 4. T, of UPE resins cured vs. NPG molar
ratio in a PG/NPG mixture.
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Figure 5. Viscosity of 60 wt% solution in SM for
UPE resins prepared from different PG/NPG molar ra-
tios (NO addition Aerosil, addition Aerosil 1.8 wt%).
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FA AN AF dzHz2 Y Fx7} ZolA]7)
Hfolgtixs yzpgch A}AZHe UPE-5>UPE-
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Figure 6. Comparison of gel time for various UPE
resins at 25 C. Final acid value:23.4-24.5, styrene
content : 40% (wt%). Curing composition : resin/Co-
naphthenate/MEKPO=100/0.5/2.0 (wt%).
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o] BF% olft £HY%A PG 27 ©i9 &
2o & g4 2ol Yoz Ex3 A i
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o2 gl 9@ slmuke-g AAAF)7] dHA s
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M-8 Aol ABAEE ADAA AL L o
=gl BAE $RANL? HHo] RIAAE A
3l 4 7idd EA7} oluc.

£33 UPE A& @3] ihg4o] FHslnz gt
BAglols 71 Y At e ge
o] BET 4 ¢lth. Fig. 8olM B Az} o] A2
o oJg HPMPAL 20 ColM 180U AFAA|
goz EFFT Holth A& AAEAMEL UPE-],
2,3, 4= %Zsh 120437 ApEN UPE-5& A
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Figure 7. Comparison of storage stability for various
UPE resins at 120 C. Test method : measured initial
gel time in oil bath at 120 . Styrene content : 40%
(wt%).

Figure 8. Storage stability of various UPE resins at
20 °C for 180 days.
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