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Abstract: Unsaturated Polyester Resin (UPR) is in general used as a resin to prepare for composite materials
with reinforcing materials such as glass fibers. UPR, a thermosetting resin, is used in industry to prepare for
sheet molding compound (SMC) molding prepreg that has excellent productivity and is advantageous for mass
production among various molding methods of composite materials. The fiber-reinforced composite material
using UPR as a matrix material is light and has the advantage of excellent physical properties, but it is weak
against impact and is fragile. Four types of polyurethane were synthesized and added to UPR resin to
overcome the shortcomings.
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(UPR, unsaturated polyester resin), H|'d ©o|AE X
(vinyl ester resin), ¥|& 4=X|(phenolic resin), of| &ZA] 4=
Z](epoxy resin) L&l HZ|olu]E  4=X|(polyimide
resin) 5o| Slth Hf= FHAF, ga4ds 29
Kevlar 4§ 59] ‘,{ll:}

o|2{gt FRP= 7] A4 *éé‘ol Foko] 2] oJshg )%
AH(denture base)[2], 7|8 wing ¥ ZA|(fuselage)[3],
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Fe WA g Beolspd) 191 =G Fu[] 5 of
Gl ZEoFoll A AREEIL Qlth 53] Asake] H YA
o|Ef6], ¥ 1Yl $E F 5 JFAHE AT
Slo] wuelele] s BAoR AL 9
A TAE AHES= B ZEAE o8 o
A F o] 7hsstth dF4¥ 2 71 A ALt AEA e &
8 e S0 Yol Fae Sk el 2
& Ftof| 5l &= sheet molding compound (SMC) o =2

AT SMCE $2]9}F ARt ofuje} "‘?ﬂlﬂ,
ApEA, TAA & TH5t] prepreg FEHE W=
14 A 7|7t wyto] sHsate Gl Feol et
ThFE products THE 4 Qi 5 YAl S48k
g Abol felstth= Aol % [7 10].
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Zy2gdS F718te 5 UPRS 7| A A& sH= 23t
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B =RofAs UPRE 7|HIo & 313 Ze]9-dehs
Hrstel feA4f Baazel oy
Ak tobrt 24 24E AT 5 ok
of gt A5 7). ﬁé—alfﬂﬂ%q UPR-Z blending
3to] ZFol ATl S oA Z9] Ak 7]oJEte AL S
shelstr] Y&l 4714 ET g Ets dAste] AT
Fe A7tk Belgdee] SRl uhet 2%
B2l A B4 347 dod 24 §9
B4 7ol 7Pg EabEQl Bl euehe xAlslqT)
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2.1. &3 1z H Al

S3E3} Ego|AE A =(Unsaturated Polyester
Resin)> Al 3t AHS] B303 A&, el e ()T
LACMO)| A A &ESF= Owens Corning (2.5 ¢cm) A|Z,
A 42(CaCO05)2 Rex Material AF2] S3000 #| &2 A|
5 ol ARESHT. Emi=  Sigma-Aldrich AR
dibutyltin dilaurate (DBTDL)E A[8-3} %1t} poly propylene
glycol®} poly tetra hydrofuran, 1,1,1-tris (hydroxymethyl)
propane, hexamethylene diisocyanate, hydroxyethyl
acrylate (HEA), 2-ally phenol (2AP), styrene, tert-butyl
magnesium  oxide,

peroxybenzoate, zinc stearate,

s ke R R

o

hydroquinone+= Sigma-AldrichA} 2] A|&-& Fufslo] AF

gatsict.

2.2. E2|28|Et 8 (PU, polyurethane)

e E2 - (PU) ZF 47FA| oo, Table 1of L}
ettt Z2& (polyol) 160 g} 1,1,1-tris(hydroxymethyl)
propane 1 g2 500 ml ¥F-3-7]¢] ¥l 80°C, 120 rpm 2]
zZroA 33ttt v WEE AT o2 FhEo]A
2% 7t FE RS AAR &, 9T WRE
Aoz FAste] da ELA717F FAHES 3 o,
hexamethylene diisosyanate 26 ml2} Zu1f 0.4 mlE A7}
slo] E8]2 A& 9 7 deho] isocyanate group2 A3

Al 71tk ol AFEE Zull= acetone¥} DBTDLS 250:1
o] v & &2 Egsto] ARSIl 407 FF BEE A1
3 capping®]] AHE-E Al9F 40 mle} Zul] 0.2 mlE YL
2A17F FSF RESAIZ oS A& o] &3 nEkg & “X‘
= AASEIL cappingo] $RE FHSHTS At
(Fig. 1).

2.3. Sheet Molding Compound
2.3.1. Prepreg ZHE M=
Table 20| = Z2]9-aleh-S H 718k -2 prepregE

Table 1. Types of PUs

Polyol (0.04 mol) Capping (0.16 mol)

Name

2-ally phenol (2AP)
PU-2  polypropylene glycol hydroxyethyl acrylate (HEA)
PU-3  poly tetra hydrofuran 2-Ally phenol (2AP)
PU-4  poly tetra hydrofuran hydroxyethyl acrylate (HEA)

PU-1  polypropylene glycol

HO——R——OH + O NTR—N 0

cappmg agent
catalyst )]\ )J\
’[ RO Ro AN >

n N )

A\ i i

o /[R'\ )]\ R )]\ /lR' /k

N N o~ Yo NTn DN o
H H H

n

HO
R= 05_/ 1_
PolyTHF
PPG
.0
R'= -.Nyﬁﬁ\ .
O"C N

OH o
e QL en
X
2AP HEA

Figure 1. Reaction scheme of polyurethane.
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‘Ref 2 FA|5t0] 2/4S YetTh F7) 8= g4k
&, APgtut |4, ofd AE| o o]E T RIAHES
&3ato] AHE-shitt. Table 20 A resin 52 &
AL Z3skar oF 152 59 A2, 400 rpme] =7 of A
71 AA wyteto] A 2bstgict. Table 3o = & 2]-9-H &
= 6 phro 2 7}l prepreg® FFES UERY STt

2.3.2. Prepreg M[EH npH

30 cm x 30 cm 27] 9] H]d Yol prepregZ} &A E
o2 £ QQEE o|FAE M T 18 cm x 18 cm sizeE
248 309 S FadF 2Me 2 AHE HE
of 7t %ttt F-El4df= 2.5 em@] chop FEQl A
2 g T, GEM Tt @ Rl A YEE T
27 FAlsto] S& Aottt 2 Ad A= L9t 10 kg
FE o] &8 FeAdF TRl 7hsshA AL ksl
7l prepreg= 2EFR| 2 F-Q15ke] N 2 B$j7] 1e|al 4
= 3ol FAEE FaoA 3~4L7 AU
Table 30]| A} Zro] Az x|z 1 Y o] UPRY
PU-12 A& AL zg|zg 1= UPU-12 2 F7|3}%ch

2.3.3. M3

Press7| 7](P 200 E, COLLIN)9] $1¥-& 165°C, o}
H-2 145°CE AASIaL 5 barol| A 48 oF 158 53
7Rtk 7FAE S ol A prepregZt B WA of o]
FAE B &, =H|H prepregE Y Il 70 barof A S

Table 2. Components of Prepreg

Ref
Resin
37.7
(Unsaturated Polyester)

Diluent 13

(styrene monomer) )
Hardener 0.5

(tert-butyl peroxybenzoate) ’
Inorganic fillers 60.5

(CaCO03, Zinc stearate, Magnesium oxide etc)

Table 3. Types of Prepreg

Blending (UPR + &4 PU, 6 phr)

Name
Ref (prepreg) UPR (resin) -
UPU-1 UPR PU-1
UPU-2 UPR PU-2
UPU-3 UPR PU-3
UPU-4 UPR PU-4
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7 g st AFol EUd 23S Aol 4=
of A 5& & Wzstlth A&t = SMC= 34 T (3~
4 mm)o 2 At

2.4. Z2|EF §M (PU, polyurethane)
2.4.1. FT-IR, GPC 12|11 SEM &AM

Z7 g €9 A Z 3= fourier transform infrared
spectroscopy (FT-IR, Nicolet 6700, Thermo Scientific)S
A}-4-31 9 31 wavenumber 500~4000 cm™2] 9] Al 16
H A0S T Gel permeation chromatography (GPC,
1260 Infinity II LC, Agilent Technologies) £-41-2 Al A
g f= EYfdEo] 5& THFEHE 0.45 um size =
syringe filter5 AHES & 1P =S AATT & AHESH
Al 25°Co| A B A3}t Field emission scanning
electron microscope (FE-SEM, MIRA3, TESCAN) £ 4]
< 2t 54 A HehHS P 15 mAof 4] 90% 52t
coatingd}o] 500H] Shrfsto] A5}t

2.4.2. FT-IR, GPC 12|11 SEM &AM

QA | 2%/ 54 AR AW FAL 247 ASTM
D 638 / ASTM D 790M / ASTM D 2562 u}e} A3d3st
oh 7} gt A o] B AlHS AlRste] I 9 =27 A
o w2 A3 7] (UTM 5982, INSTRON)Z o] 2549
oh ol Al 29 Akel9] A7t 115 mm7} H =5
Stal 5 mm/min®] £=2 S5, F3 AlES
support span®] A}o]Q] AZ 7} 48 mm7} EE=E 3}l 1.2
mm/min® 2 ZA3h= 33 43§ S AMEsih &
A AF L Izod type®] B|AE AH|(JJHBT-6501, JJ-test)
£ AHStol SAskiTh A42be] A F 7P w2
W 7HE W ghe AlQstar U A o Hatghe A4t
ahgict

3. Zu} 2 sk
3.1. FT-IR & GPC Zu}

FT-IR $4& AAjsto] 7t Z2]9-dehe] capping &
I 59 AHE Fig. 20] UeEt et E29-eEo]
capping o= wavenumber Zro] ¢F 2270 cm’¢Ql
isocyanate group (-NCO)<] peak”} Alg}R|= A o|&
&lof capping®] $=E weketglch. E3h, H g A9
o] o]FojA A 3350 cm” o] A amine (-NH)I}
1,720 cm™ Lo A carbonyl group (C=0) peakS =}l
S} TH16]. Capping®] F-Fof wel 2APE capping® )
= 750 cm™ peako]| A @] benzene ringo] UEl}E= AL
shel kgt

GPC BAE AXste] 2 E2) 9250 Mn (83
BA) Mw (528 FEA) PDI 2hE E AL}l
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Figure 2. FT-IR of PU: (a) PU-1, and PU-2, I
(b) PU-3, and PU-4.
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Figure 4. Mechancal properties of SMC with
polyurethanes: (a) tensile strength, (b) flexural
strength, (c) impact strength.
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Figure 3. GPC data of PUs. Figure 5. Image of cross-linked PU and UPR.
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Fig. 30] UFERJQITh PU-19] < 1,891 / 5,097 / 2.7, PU-2
o] AL 1,129 /2,552 / 2.3, PU-39] A< 10,537/ 28,963
/ 2.7, PU-49] A2 2319 / 9348 / 4008 LrepT).

32. 717 24

e edg A7 & A%,
Apol e A Fig. 4o et
St SR PP B FFol XA gow
FARTE FHY AUA S FH5HA E] ]
71AH BAo] Fraghhs BIIL QTHIT] & o
At geldae WA AYsA sha EelSdeel

L

Lo A Z+ZF 33.5%, 107.2%, 13.6%7} =765 T 7)A]
Aol ol3)| ghtizro] A4 ¥ UPRE styrene¥t RF-3-3}o
7Y 7F A E 1 1 A3}, matrix{F cross-linkE o] &t}
[18]. o] 2AE3} PU-1, 2, 3, 47} &A%t H]&= blending
o] Eloj F IEA} A& H5|aL A A A Fig. 59 ol
polymer networkZ & AJ3ItH19]. o] networko]|= urethane

Figure 6. Fractured images of SMC: (a) Ref, (b) UPU-I,
(¢) UPU-2, (d) UPU-3, (e) UPU-4.
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group¥} Q17 3H UPR At& 9] hydroxyl groupo] lth. ©]
sAgo] Agele AHA FEE

Sol ZU4T RANE BHAL 5 A1AH B
sharol] 7ol Aoz Mol HrH2).

Fig. 63 Zo] f-24% SaA9 54 Awol 2
DS SEMOE B feldft AP )
o] Yoz

Nwo] 24 Aole] $XT AL el
#A3k5ieh. Fig 6@l As 24

So| o] 9A WA, B eeero] =atu Fig.
6(b), (). (), ()= frel s frol TiA sl Fo] £
of itk MEA} o] Wikt AL feM Gt 24
2 polof Avkeio] AaHA Agstel el AWA
ol2olArkn AT 4 glc. ol WA FE Fig.
6(d), (e)oll T3H= UPU-32} UPU-4ol| A 71 wro] 2
2F 4 99leh. o] Ao Hol PTHFS| Hej oo
(PU-3} PU-4)o] H7hE| wet fo 46 24 A
olo] o] o ZatA o]oid Ao MIATH2IL

4 4 &
UPR¥} £2]-9-d|8H(PU-1, 2, 3, 4)5 blending}o]
JAF Sdadel S AU 794 T Bt
shaLzl sholch UTM 24 A3}, UPU-32 73914 4
o] -3l UPU-4= 9174 FAol S-atalrt.
g, Refeh UPU-1, 2, 3, 4& SEMO. 2 BEA3H At
H o Ee e Wrbehe AL fEAft Eel o
ATt 1 Fol A= PU-33F PU-4= 2] A -2t
A 2= Abole) e gte] #Este A
dstA Bt ZIAAR 24 el 71eAd Alew

INE

my

o] A= 20219 %= AT AT Atn] Ao
ot A RE7ENEA (IAITE: CDME A 22
4 AT 7E L, FAHS: 20011124°)7 3 Fh=r
shetelod el ey do sty A
(SS2141-10)" Ati o] A ¥ ol e AFAe].
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