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Syntheses and Characterization of Multifunctional

Polyurethane Acrylate using Isocyanato Acrylate

Geon Ho Noh

Division of Applied Chemical Engineering,
The Graduate School,

Pukyong National University

Abstract

Polyurethane is used in various fields because it can be
designed with a wide range of physical properties. So
polyurethane has become a familiar material. However, the
polyurethane industry has been pointed out to environmental
problems and human health hazards. This is because Volatile
Organic Compounds (VOCs) are emitted not only in the
production stage but also in the final products. To solve this
problem, a method of using a reactive monomer and using
an ultraviolet (UV) curing has been used to limit the use of
an organic solvent. Polyurethane production by photocuring
i1s more efficient in terms of time and cost, and its physical
properties are better than those of thermosetting
polyurethane products. Therefore, photocurable polyurethane
acrylate has been developed and applied in the coating and
printing industries. In this study, we have synthesized and

_Vi_



analyzed the multi-functional polyurethane acrylate which has
efficient photocuring efficiency even in the solid phase.
polyurethane acrylate was synthesized by wusing ethylene
diamine (EDA) as a chain extender in poly (g-caprolactone)
polyol (PCL polyol) and 4,4'-diisocyanatedicyclohexylmethane
(H12MDI). Isocyanato acrylate (ICA), a new isocyanate
compound, was added to 5, 10 and 20% of H;;MDI. As a
result of photocuring the synthesized samples, the tensile
strength was increased before and after photocuring in
samples with high ICA content, while the elongation was
decreased. In addition, thermal stability and Tg tended to
increase with increasing ICA content. As a result, the use of
a compound having an acrylate group such as ICA makes it
possible to freely design polyurethane acrylate molecules.
This result will allow the polyurethane market to expand into

more diverse industries.
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Figure 1. The range of tensile properties of polyurethane.



Table 1. The uses of polyurethanes in the industry
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Table 2. Types of polyols

= =a
™ o T

M

PPG (Polypropylene Glycol)
Polyether Polyol RPG G4
PTMG

%%37] Polyester Polyol (AdipateZ]])
Polyester Polyol
7l&t&-3HA| Polyester Polyol (LactoneZ])

polycarbonate Polyol
Polybutandiene Polyol
7]E} Polyol
Acryl Polyol

o Polyol
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Table 3. Basic

physical properties of isocyanate compounds

2,2 4.4 2,4
Property 2,4-TDI 2,6-TDI HDI IPDI H12MDI
MDI MDI MDI
physical . . J 41 e - - -
tat Solid Solid Solid Liquid Liquid Liquid Liquid Liquid
state
; colorless to pale colorles  colorles  colorles
Color white to pale yellow
yellow s s S
none. pungenl at high characteristic,
Odour pungent
temperature sharp, pungent
Molecular
. 250.3 174.2 168.2 222.3 262.35
weight
Melting
. 46 40 36 21.8 18.2 -67 -60 78-82
point, ‘C
0.07
142 161 152 96-110 155-166
kPa
Boiling 133
point, \Pa 120 127 158
°C
101
Pa 314 251 255
Flash
. . 212-214 130-140 100 >200
point, °C
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- = HNO, E—— NH,
Nitration (HNOs) Hydration (H,)

Benzene Nitrobenzene Aniline

CH,0

Ha i
HoN C NH, < - HoN [ NH,
Hydration (H,)
MDA

H,,MDA

Ha
OCN C NCO
Phosgenatio (COCl,)

H,,MDI

Figure 3. Production process of H;;MDI.
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Table 4. Types of chain extender

7% A2 AR 2 A
He ojgalZ2] Z(Ethylene Glycol)
(D'El) o 233 =2] Z(Propylene Glycol)
io
1, 4-2&t0)2(1, 4-butandiol)
EQ|Z =A™ (Glycerine)
(Triol) Edfg-& o 2 I(Trimethyol propane)
_ = .
HEate oeloj2] A2] :E(Pentaerythrltol)
SAZ2@s} oY Koty
(Tetraol) ;| -
(Oxypropylated ethylene diamine)
Cjotgl sl Ath Ealic]olyl( Hexamethylenediamine)
(Diamine) m-H|'23 ] o}vl(m-Phenylenediamine)
ojo| U= ] of|&r-&-oful(Diethanolamine, DEOA)
(Aminoalchol)

E 2]of|et-Z-ofTl(Triethanolamine, TEOA)
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UV dst= =d9 Bayer’t UVAetY polyester AFAHS LEST
o]% A7b s AFPEHUG. UVASHE d¥HAle=®  acrylate
groupd} @2 Z23} HelLAS TR Q= A0 FIRAIAIE
7¥stol UVl oJsll ZRAlE 7HAIAIS] 2ttZdo] Exs} ©Hetaa s &6l
AME, st 7tuAdgs 4ol Ae ulgtt. Uve 10 ~
400 nm A9 HAIEE ojujsty d¥rHoz ARRE= UV g
200 ~ 450 nm Foojo|tt [25-27]. 7HAIAIY FFol TtA =2,
2 AREShe UVagol wet AeAo g JHAAE AREsHAl Hd.
Table 50 7JAIAI9] &-F/oll tisll YEPRT. UVASZt & gyt
olf+ tad Aot UVAS: ARolA Fa7t 71sst7] dizol o
LRl 280l Holut, Fetalgto] E73st) sl Aot =2 S
71 & Aok w5t 22 G EAPE diFdol T, 9he/d A
5 AHESE 2E8AIE =85 ARESH Fof7t Ale UVASHY =8
FEAPZE 2R ot [28-30]. Y9 37HA] ol/fE viEoZ whE
BEAIEE ol &s st AP 7hssl HY, £8U1E =&0]7]
ol UVieET Bh=ttd oA 2o I FLofbR] ofar Hy
W A7 7hHsstohe A B & 4 ok ot UVAESHY Eee
Gut @Fet SAJof vlsh oo, |AIRl A|Eo] F%, Fetrt ofF
Ay A &tolofl et Fet& et Aozt e 59 @Al ok
oA AYE UVAEstY Tae B3 A4olA Hsfeto] 174 3¥
F50] = JEH=E T wHYES Figure 40 YEUUIT. 73
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g8 27 FEE WEIE WYHE oo, BHWL sissies

acrylate groupg2 Z3st 7etd AIE 4

s71k= stH, o] 4% ZEANGoIY A deds Aol 582 &+
At [31]. o't 2&F Fet=2 AtEshe 49 HiTE LgolAM B2
7b o] RoJA7] miwoll, AFA Abg B o3 0| BV fE0] de
ol 7RAlE =2tHZe] AFol ofF7] Mo Fdetas2 AR5 BojA]
A He 280l Sl [32-34]. o] & afi2sh] Hsll €4 2= ol
2 =3 Atg fEe AHsH st IEA Ak dAlste T

A vixlshs FHE ARESH = ot [31, 35].

_17_



Table 5. Types of UV photoinitiators and maximum absorption

wavelengthes
Photoinitiator Max Absorbance Photoinitiator Max Absorbance
(nm) (nm)
BDMM 230/325 BDK 252
BAPO 365 PMP 307
TPO 380 DMHA 24'7/227
TPO-L 275/370 ITX 259/383
LTM 253/368 EHA 228/311
MBF 257/365 DETX 261/384
EMK 205/375 CQ 470

; BDMM : 2-Benzyl-2-dimethylamino-1-(4-morpholinophenyl)-butanone-1
; BAPO : Bis-acylphosphine oxide

; TPO : Diphenyl (2,4,6-trimethylbenzoyl)phosphine oxide

; TPO-L : Ethyl (2,4,6-trimethylbenzoyl) phenylphosphinate

; LTM : Liquid photoinitiator blend (<25% of TPO)

; MBF @ Methyl benzoylformate

; EMK : 4,4’-Bis(diethylamino)benzophenone

; BDK @ 2,2-Fimethoxy-2-phenylacetophenone

; PMP : 2-Methyl-1-(4-methylthiophenyl)-2-morpholinpropan-1-one
; DMHA : 3'5'-Dimethyl-2'-hydroxyacetophenone

; ITX @ 2-Isopropylthioxanthone

; EHA @ 2-Ethylhexyl 4-(dimethylamino)benzoate

; DETX : 2,4-Diethyl-9H-thioxanthen-9-one

; CQ : Camphorquinone
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2.2.1. Y ot3ZYolE

ST LEALE Gl AFEst] flsiiA ofZAEolEVIE =
ok MY ERARl FHIY EFYSSY ofE=EolE
(polyurethane acrylate, PUA)= NCOYHQ] Z2|g&t ma]Zay
/det &, HEA 2 HEMA=Z 7i9(capping)ste= 2oz g
HH Y52 Figure 5o YetQIth E2 @Y LA et
FHHAE 7HA17] tiwol PUAR Thfeh AFd ofollAl &35 ofx| L
AL [36]. ArFEOFAIN = BE otZZolEV|E 270 7Hl 2¥54d
PUAS 7|22 5t9 3#574 o9 s PUAS £33t ArE
st Ol ol= B8l A= 7tue] Yt =obdq 4k 9] 7
AR 2740l FE7] "ot} [37]. stA|TF this/d PUAE EHA
o7 =

ctzed ol sidst] sl HAME AFRFCH ALREE SAAE
ALt skl AAER| 9 w3 Fofstel W& 2ol 4]
Al == DMFU THF 22 84} ofd of=delol=r]g makt
AEAlge] Ul ey slAA2N ALgsHl fich. wre 8l
Al ES wEAow Wsr|so] oot HEst creo] Asty 24
ches] meo] TUR ALGSINT Cg B5714e MM
of Sl 285t Abgste Zlo] fvbAolnt [29].

O

2 BEg /7] teo] dLeM w2 agnz ALgal7] )
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OG0 - N-E N O O -H:l-n-c 0 l-o-g-u—n-h c—o—Q—n--c N-I:I—N( 0-»

Figure 5. Synthetic mechanism of linear PUA using HEA.
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2.2.3. UV 73 8 &

UVZHEHY SR04 78t 28 % Smo] ol 9le chopste.
AAFSHE VO] API7E ARAE Hetsmst weix|n Abgshs
UVagol B wawo] tebds gebaA fck Qudos Abgs
= UVIOg2 2549F 365 nmo|H 254 nm o2 UVC g9 opat
oz mpgo] ol e oA S WeF ¢ A14=n] 365 nm

2 UVA 9olo] mpgoz ofuxlse Galgh Astero] et 35
o] 7pg Fob F2 AHEC (Figure 6 %), UVHSER Argigol
oAAMe ofd olgmEo] UVA g9 s 7|EL2 JFe 7=

-

nolste], B Aol E UVA 9ol matel 4712 Zakr|zoz A
2ottt mRo] Aso|d =AE 58S AASE @Qlo] €t o,
o]l UVel A=atut BAYL Ak E8st SAYA 22 Hstag

< BoAA =Y, di=gf o= Ao vhelstAY =AY Algoll |
glglsts Aoz gAY [38]. 2= Eot Rt aflojn, X
of &0l met 2L ofFollA == FEIF HotAH Atge

01 AHA7] WZoll MAA=RH g frzo]l 2o YAl 3
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200 - 280 nm 280 -315nm 315-380 nm
High energy UV light Longer wavelength for UV closest to the visible spectrum
for top surface curing deeper penetration to cure deep layers, e.g. highly
pigmented lacquers and thick vamnish
| ] | layers

RESEARF Il S NEN™ S

UV Lacquer v v

Y v h 4

h 4 v v

Substrate

Figure 6. Features of the UV Wavelength Range.
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Figure 7. Thermal curing vs. UV curing.
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3. A%

ook

3.1. AJeF

PUAE 3Hdst7] Qs AFE¥ polyol2 poly(s-caprolactone) diol

(PCL diol, Mw=1,000, Aldrich)o|t{ Yt &£X|5t= FAERI|= =

I SAATS T 4 Wlol WA 2B F4UTH wEh, o

TS Al B8 4o 5 7] giZo AR A, dUdEICNA 80
4

~
A%

LIS

ot B 5Tt Diisocyanate=
dicyclohexylmethane 4,4'-diisocyanate (Hi,MDI, TCI)2t
new-isocyanate?! isocyanato acrylate (ICA, Laromer® LR 9000,
BASF)S &35t AL&513th AMAAA|E ethylene diamine (EDA,
SAMCHUN)& Al&stict 228 €539 =uj=  dibutyltin
dilaurate (DBTDL, Sigma-Aldrich)S Alg519 1, €53 w4 of A
ICA°] acrylate group?] H3 =S 2]sf =N PSR
4-methoxyphenol (MEHQ, TCI)Z Ar&35t9ch LH&HEst & YRS
dxdE 95t 8o tetrahydrofuran (THF, B&] ACS)E AlE-51%
ot B35S 95t 7JAIA|= methyl benzoylformate (MBF, Miwon)
= ArEstRT. ICAS AQeh ARgSE Alefe] JE+= Table 60 L&}

mlo
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Table 6. Information on reagents used in this study

Molar Melting Boiling
Name Weight Temp  Temp Structure
(g/mol) (°C) (°C, 1 atm)
. (Tg) o 0
PCL diol 1,000 ~50 ~60°C H{’OM)‘J:‘O/\/O\/\OMO]’:
Hi,MDI 262.35 ~20 >300 /O/\O\
OCN NCO
EDA 60.22 8 116 ek
e
Ozzegy”
cm\; c{
DBTDL 631.56 28 205 /egi’“‘;
CHy ot
Cyghing
(e}
o
MBF 164.16 16 247 @/ \ﬁ/ “CH,
0]
OH
MEHQ 124.14 ~b5 243 /©/
H3;CO
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oz EeE /gl
9] H]&< r (=diisocyanate mole/polyol mole)= 1 ~ 22 A5t
ARESIE. 2yt r = 1.1 ~ 1.59] &S FAe 2 g2olA JH
7F AREA] ket MAsS] S3uie], =oAL B8 dEskE
SAH0=2 oF & dAfolM= HYsHAl Yot BHop w2 r wls A8st
Rt PUAS g2 et uig= r = 2, 4, 6°1 37IX|2 Z2lste Al
slot¥ T}, Diisocyanate= Hij;MDI®F ICAE 0, 5, 10 Z12]11 20
ug2 Eastol AMgstuion], g4I WE wEEE 2 Yy
Table 70 UetUdct. /42 500 ml, 44+ S22 30] web7], g

Wzv7), AARA7|S AFRMsto] AFE-SHYITH (Figure 8 A x). WA vt

r
rOl'

Al o polyold} diisocyanate

27)0] PCL diol#} DBTDLS 21 60 ‘C&2 &3h7tdstoict. Aa o
B 7ol disl ¥h37] Wi 21717 St EH =S 30 & &< 7]

ogd #, MEHQE &8¢ diisocyanated 1 Algto] ZX AA3]
dropping sttt §¥F30] A|&E= &t FT-IRE &5 NCO m39
Fert Hel glZ W, prepolymer?t /g ubgo] FEE QT H|H
5ta, 2%=5 30 "C7HA] Utk ole, MAFA = EDAE 2 AlZH|
27 7A38] dropping Shi= ©l, EDA= ¥hg/do] UE e} Zshrt
& Qlong, 2rHSlE RAISHH THFZ Feot ¥hads &
o}, 932 FT-IR& &5l NCO W27} A2t wi7bx] X 4513

o
>,
r\l
offt
rO
Flo
o
fo
o
oXx
ftjo
opi
fu
olr
S
Q2
iu)
0
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e
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9ol LERH A

Table 7. Compositions of samples

Diisocyanate mole (= r)

Sample PCL mole EDA mole
(ICA mole : H;pMDI mole)
2
PUA205 1 1
(=0.1:19)
2
PUA210 1 1
(WO 1%8:)
PUA220 1 2 1
(=04 :16)
4
PUA400 1 3
(= 0.0:40)
4
PUA405 1 3
(=0.2:38)
PUA410 1 A 3
EH0.4==3%6_)
4
PUA420 1 3
(=0.8:32)
PUAG05 1 6 5
(=03:57)
6
PUA6G10 1 5
(=06 :54)
6
PUA6G20 1 5
(=12:48)

- MBF¢} MEHQ&

2y7y @A SAFY 5 wt%et 0.1 wt%s 7T
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mechanical stirrer

dropping funnels cooling water

Nitrogen catheter reflux condenser

four-neck flask

B

Ly N L thermostat oil bath

Figure 8. Synthetic tool of polyurethane acrylate.
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N
+ + OC \DC\ICO

PCL diol H;,MDI ICA
at 60°C | DBTDL (Catalyst)
MEHQ (Additive)

H H
H{,MDI or ICA. — H{,MDI or ICA—NCO
ocw% 12 +NE&PCL ogr%—% 12 3
m

Isocyanate terminated pre-polyurethane

at 30 C | Ethylene diamine (Chain extender)

i i H
H;MDI OrICA‘H‘\IYCFPCLOYI‘\J H,,MDI orICA}»mTr‘\kEDAmem H,,MDI orICA%mYCrPCI:OTW H;,MDI or ICA}-NCO
o) o) o) o) o) o .

k

m

Multi-functional polyurethane acrylate

Figure 9. Reaction mechanism of polyurethane acrylate.
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2sto] ol
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ol
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Table 8. UV intensities according to the speed of UV-curing machine

conveyor
0.5 m/min 0.9 m/min 5.0 m/min 10.0 m/min
UVA 5116.6 2738.7 518.6 263.16
) UVB 1162.8 635.67 119.77 56.998
Intensity
(m)])
UuvC 255.69 137.14 25.659 12.485
uvv 2741.6 1475.8 278.94 136.66

Average Temp

44 38 34 36
(C)
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3.4.1.

PUAS| ol ¥ 57
Scientific, NICOLET iS10) A& 51300,
d2o UV Hst A-39 "lmE RZ 0I5 =

o

o

oX.

g
oX.
o
o
p

1=

Eujsta] 230l ATR mode2 &39Ik,

3.42. 7|1AA EA

HI0KT)S o] &3}ol
D638 2ol WA ArstF 0.

71A" £ universal testing machine (UTM, Tinus Olsen
Fstolct. AlEe ASTM
5 mm/min© 2 X145}

Baoz LEppoct

S

Roy, &2 WMEV|E
3.4.3. 95 £

Differential scanning calorimetry (DSC, METTLER TOLEDO

DSC 1)& o]&sto] PUA210, 400, 405, 410, 420, 610, 410-3 2
Aa 29171 shollA]
L5 5 40 °C/ming 17Asto] FAsIA 5482

. 3e)n dus
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=517] oA thermogravimetric analyzer (TGA, Perkin Elmer,

TGA 7)& ol&std Aa w%710lA 10 C/min® &2 £==2 50 ~

600 C ¥HE F54stAH.
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4.1. 34 18 &ho

PUAY| €4 5 FW30 EZclns stelsty] s FT-R ¥4 2
sttt gAIpge 3Tz FAstEon WA polyoldt

diisocyanateS  YFSA]HA isocyanate-terminated urethane

L

prepolymers  ¢/dst¥ct  Figure 109 AHEZHS H

diisocyante droppingstil 5 A|ZF A3 &, 2260 cm o] UERL=

NCO w39 #sbgEst Folek 212 BET & o, ojze

diisocyanate®} ¥H2s 4~ 9l= polyol®] -OH group©| Z%& A YL

A7] whFo|c}t. o] Ay 1720 cm ‘o] UEN}:= carbonyl peak®

detoly & shhist ZukE HH feishA & & qlen, 194 o
o

ST Whge AASA g4I YAT 7

L5

re

<l

S
-

grgol o AAs] AsiElmz NCO ml 27t A5 dastes e
"5d 4 AT Figure 112 r g2 Gejgt ME9 R AHE-HS
HEH =, NCOm A A7I7F &2 A& & 4 U=, oA &
5 574 & goRel& diisocyanate?] o] THE7]
NCOm = A|7]19] ®strt g2 o, 197 vhgo] SAE Tt HHs)
of, MAYAZ EDAE 2t} (Table 7 2t x). EDA= ¥ |
30 “CollA 1AJZF ojHiofl NCOm A7} AtfAlE A& =eld 4 T
(Figure 12 #tx).
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Transmittance (%)
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: .
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Figure 10. Changes in NCO peaks as a funtion of reaction time for PUA

210.
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Wavenumbers (cm™)

Figure 11. IR spectra of PUA 210, 410, and 610 after reaction of 4 hrs.
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Figure 12. Changes in NCO peak after diamine dropping in PUAZ210
synthesis.
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4.2. 73

-Ell‘

j;_]-x-l §']-o

o “

4.2.1. UV 73} 8ol

PUAS] UVZ3t ojB= sholstr] Q5] FT-IRQ ATR modeZ =3
575ttt Figure 13= PUA6IO BE& L&dd2 E2lsty 43
ot AHEHS Uehdl Jlojot. Figure 13(A)= 371949 AYS
(upper layer)e] ¥sts UERH Zlo=2 810 cm oA UEhge
acrylate M3 =7} &) 7o T2t Fashe= e &5l UV
ot #Ashrt deAez AyEHIAZS T 5 Qo wHE,
Figure 13(B)= Z 52| bottom layer?] AHEZHO =2

oA #ep7t Ao Qe AS ¥ 4 At ol2et A= UV
&= FUstA] xsto] UViesditdo] J&F2 £X X3P 20, PUATL
Joz EAsto] PUA Abg o acrylate group®| f#-5/d0] 73]
Afot UV =&HolA Ade 2ftZo] vh3o] UVRESRIH7ER] 7K
7] g2l Aoz welgh ZF9 /5 0.100 mm7Z7HA] QFA|s)
of UVOl =55 %2 §9 &4 A, FARN 2aE YEHYSIL
Atol7t glglen 1 olste] Bl & AlRol oA FAIZE Qo] A
d= AlSYsHAl 2t webd &9 FAO] thieh QARS & 4ets)Y|
Hall BEY TS 0.250 mm=z FUste] UV Hdetdeds AdstYd
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sreict.

UVASE &S IR AHE0|A] 810 cm™'9] acrylate I 32] HAS

lzJ

ol

e
ftjo
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JLotal to29] Ao 2 conversion %2 AAFSHE 11, Figure 140f 3+
2Fof] st conversion %2] Wst= UEMATE [17]. Conversion %
oAl 1720 cm™! T3 2 HX

carbony®] 2 F4st Al

Sl+= O]+ urethane bond%]

stAl el7] wRolct. Uubdoz

rg o

carbonyl m39] WAZ O]&5HA|9, urethane % urea Zg9
N-H m3¢} of3geolE M3 F sturt FA|7] gio] HAS o
&517] 7t ™etAl carbonyl T 39| =0]F 0] &5to] kHeto]
A st UVAgst as2 £7]0 tiEs Z24EH, ol& % AA
5] 57tk ddde g 4 Ao ofzier A= Aetrt Alid
22 Aste Ozo] 5ol AotE Al acrylate =T A4S
frzo=z HoRlt. 39 r o oE ICA %dFS M AlEoA
conversion %0l= & AtO|& UEUWA] oLt r gfo] HAlof] o2t
OlAMISHAl conversion % o] AAl UEUE= S Qs olF
ol UVAZete] a&2 MEQ r o o2t § 37 Hige A

& 4 otk

AreaAfter,SlOcnfI/Height

After.,l??Ocnfl )
/Height

X 100 %

Conversion% = (1

Area

Before,810cm ! Before, 1720cem "t
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0 ~ 300,000mJ/cm®
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Wavenumbers (cm™)

0 ~ 300,000mJ/cm®
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T T T T T T T T T T T
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Figure 13. Changes in acrylate peak during UV curing of PU610 sample :
(A) upper side and (B) bottom side.
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Figure 14. Change of conversion with UV irradiation.
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4.2.2. ¥¥139]

A

e

Figure 15= PUA610S UVZASIS ZIsistHA] A R AdE
= =disto] Yepd Zlojot. UVAErt Zlsgdo dat 2260 cm’1 K
oA mZ7t FFo] 20,000 mj/cm? BLHE WAL ] A|&FSHo],
FZo Z7tet gEo AAF AXl= 245 UEUAH. UVEE7] oA
IG5k doll gt ek 29 woll WEQdAl 7] fldl AES
A12(100, 150, 180 C)ez FAf2|er 29 AHMEH M= A7}t L

T
=

I o AN (Figure 16(A) =) mEtA 57] SOl &€ 7

TROA r Zro] 571 off, WolX]E= LR = urea bondo|th. ZAupA
o2 2260 cm o9l m 3L urea bond’} 7] %9 EXAEM}
g9rgstol AT ez FHEoRIG. WA 37 & 4 =
w7] 9jste] FTHoz WS 2ol 12413 FHE T Aol BY
ol 2715 Ford AE 224 o= A& o] 50,000

o] FFer FAststdet. FT-IR 5423, &0 §HFEE AEolA
oAl a7 o 3A #EE QY (Figure 17(A) &%), 2

o] & oA 74Fe WA MEH 60 'C Q20N 2 A

Mr
19
08
oo
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Aoty Aol gafglof wet ujx|m37E JAs)
A= Zlo] WEE Tt (Figure 17(B) &x). o]E Ed ulx|m3=
UVEAL & 371 & 220 Uvaol 9Jsf yehd urea bond
M7l 1o g ===} (Figure 18 2Hx) [38].
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Figure 15. Change on peak intensity at 2260 cm™ as a funtion of UV

irradiation.
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Figure 16. Changes at 2260 cm™' peak during UV curing, different sample
treatments : (A) atmosphere and (B) r value.
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Figure 17. Changes at 2260 cm™' peak during UV curing, different sample

treatments : (A) dry and wet samples and (B) thermal treatments.
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Figure 18. UV degradation mechanism process [38].
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Figure 19. Stress-strain curves of polyurethane acrylates before curing.



4.3.2. FFo] B2 J|1AN At

ICAS &HstAl %2 PUALOOOAM = UVEALS] me} GG =7 A
A3] gdastes Zo] 2RIt (Figure 20 F=). o742 UVt o

s ofzdoles)7} ¢1e W ofyal, ©3la] UV ols) At&el 2
3ol ®afEl7] HR Hog FEHct Figure 218 Fg Tals)

e
o A}, o] A UVEAt] osf ICAS] acrylate group©| 2i

= IS
2+ 235k5k0] crosslink 22 8Ashr] mj&o|ch. ZAstx7] 312 0~3
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g, o] FT-IRZ19] conversion % #f= Es O Foter} =
otd = FAF detasc] BoA7] mEdd Zle=

FT-IROJA QI8 Byre02 ols) Qe Aadol 2as

ol

_52_



Stress (MPa)

Stress (MPa)

Figure 20. Stress-strain curves of PUA400 according to UV irradiation.
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Figure 21. Stress-strain curves according to

(B) PUA410 and (C) PUA620.
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Figure 22. Comparison of tensile test results before and after curing of

PUAs with (A) r=2, (B) r=4, and (C) r=6.
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Table 9. Initial elastic modulus value before and after curing

Initial elastic

ICA mole % in diisocyanate

modulus st A 743} & (15,000 mJ/cm?)
(MPa) 5 10 20 5 10 20

2| 0.0079 | 0.0265 | 0.0395 | 0.0108 | 0.0386 | 0.0799

s | 4| 16306 | 2.4914 | 49281 | 2.1390 | 3.7708 | 7.0477

! 6 9.0391 | 9.0621 | 9.1284 | 9.7622 | 9.8092 | 9.8423
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Figure 23. DSC thermograms of samples.
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Table 10. T, of samples

(A) Tgs of the PUAs with different isocyanate ratio, 'r'

Sample PUA210 PUA410 PUA610

Tg (°C) -30.97 40.48 54.84

(B) Tgs of the PUAs with different contents of ICA

Sample PUA400 PUA405 PUA410 PUA420

Te(C) 37.35 39.66 40.48 46.50

(C) Tgs of the PUA410 with different UV irradiations

Sample PUA410 PUA410-3 PUA410-5

Tg (°C) 40.48 43.19 45.02
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