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Abstract: In this study, we synthesized a self-photocuring intermediate(SPI) by Michael addition reaction and
synthesized polyurethane acrylate oligomer. Analysis and physical properties of the synthesized SPI and
polyurethane acrylate oligomer were confirmed by FT-IR, NMR and UTM. As the content of the SPI
increased, the tensile strength increased and the elongation decreased. In addition, since the film was
hydrophobic, the surface energy tended to decrease. When the content of the SPI was 40 wt%, adhesion,
processability, and pencil hardness were excellent, and solvent resistance was excellent overall.
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EoZITH1]. A AHEE= A AdAae] tie (oligomer), ¥F-2-4 3] Al A|(reactive diluents), 7| A] A|
HE F7|8AE G = AMESto] ARk $kou), ® (photoinitiator) ¥ 7] €} & 7} 4| (additive) 2 LA E o] Q)
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Michael addition HI$2 ZmE& E3] €Y X}i}lﬂ
Michael donor2} Michael acceptor”} conjugate addition
UL B A= ofF st B2 olth2, 4, 5].
3t Michael addition 22 E3)] A= A Eof =}
il 2AFSHA =W 7t2EE 79 agtaAte vt &
SAFE7E HH, agha o] Aol Atk(cleavage)d ¥ 5
Aol 2719] 2t Z-& A At (Norrish Type 1). ©]&
E23) 7tn Hk-go] AP EH15].

wf A E Lo A= Michael addition HFH2-2 9]
stol A7k BARL Mt A THFAL F
A o] gtege] whE 2/4H] WIS Fof %El—or?ﬂ% of=
ddole o mrle gttt BT S amel vl
&4 BHA, AR S BTl ZEAE Az
7, o2 A9 MAtE Bo) BB AFstel A
B, F2, WEAAE 54 54e s
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Michael donor?Ql ethyl acetoacetate (EAA, TCI)}
michael acceptor°1 2- hydroxypropyl acrylate (2-HPA,
Aldrich), 18] 31 HF-8 &ull 2 sodium carbonate (NaCO,
Aldrich) & #-&3sto] A7F FA 37} 7hs3 S0AE
/sHATh E3 E2 s ol d o] E Lefaim 9
ok 9 FEAE AR5 Y AFe=E polycarbonated
diol (PCD 2000, Mw = 2000 g/mol, Aldrich)®] =& &
AABE7] $18l 80°Col/do] ZF 2 Eofl4 1-2 mmHg9]
gelom 3A7F o4 AAS g, WS
o] A A old| 0] EQl isophorne diisocyanate (IPDI, Aldrich)
S ARgST Eean ZEjEeuo] ofad e olE
Hk2 7| & =937 —?43]1 2-hydroxyethyl acrylate (2-HEA,
Aldrich)E A3 Z1ull= dibutyltin dilaurate
(DBTDL, Aldrich), %@}%X] A= hydroquinone (HQ,
Aldrich)5 ZA] }lo] AR&stith LG A Alx35}17]
Y3 HESA 3 AHAE  isobornyl acrylate (IBOA,
Aldrich), 1, 6-hexanediol diacrylate (HDDA, Aldrich),
trimethylolpropane triacrylate (TMPEOTA, Aldrich)&
7HA QL AT glol ARgstlth =3 FINAIAl =
1-hydroxylcyclohexylphenyl (Irgacure 184, Aldrich), &
T2 FHAGAA Alsrrol AT
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Michael addition 22 o] 8&3lo] X7} FH37) 7}
5%k =7FA|(Self-photocuring intermediate; SPI)E $HAl
5} th(Scheme 1). nHF7], A A FL7F A2k=E 1 L
47 53 ZT23 ¥r-8-7]o] 2mole] 2-HPA, 1mol2]
EAA 7123 0.005mol®] NaCOE E¢lslgt}. o3 &
FHES 200300 rpm HEE WHlHE A A 27|
31, 30°Co Al 142 Eol HFS A ZATHR, 4-7]. HZEA
2 2y odea 48wt oo AYES AL

SHeR
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—= T
Alom, A IS ARNA il T = ARE-SHA
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Scheme 1. Synthesis mechanism self-photocuring intermediate
(SPI).

2.2.2. SPI-PUA O0OOO0O OO

A7E FAB 7 e EEledlE ofAE Y olE &
2] 22 (SPI-polyurethane acrylate; SPI-PUA)E A 513
QS 14 v HHT?}%L‘;: Scheme 22} Table 19 YeEFU A
ok wub), Aa 2Pk AEE 1L ST £ uhe)
o AF 2BL o] &ato] 80°Co) A SEFE PCDL} 4
Sk SP19] fﬂaﬂﬂﬂi EQ3ste] 1 h EoF #dstA &3s}
Art 71 = AL Hol7]o] A HMDIZ 1 h £oF 2 43|
H7}ek 3 oF 3 h 5ok YRS A ek HgEe] NCO g
o] o]EA oz ALLH ghof o2 W2 EE 75°CE
U212 HQQ} 2-HEAS A A 3] 718t 3 3 h S vk
Al Zth FT-IR AFol A NCO E4 3391 2,270 cm- o A
w27} ehs) ARAE WS FAAA,

Table 1. Composition of SPI-PUA oligomer

Composition of SPI-PUA (molar ratio)

Sample
PCD/SPI (mole%) IPDI 2-HEA

SPI-10 0.9/0.1 (80/10)
SPI-20 0.8/0.2 (80/20)
SPI-30 0.7/0.3 (70/30)
SPI-40 0.6/0.4 (60/40)
SPI-50 0.5/0.5 (50/50)
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Scheme 2. Preparation of SPI-PUA oligomer and cured
SPI-PUA.

223. SPI-PUA 00O OO O OO4dO

2 AoA AHEE LAY v Table 20 Lhef
W gich SPI stafof whel g4 % SPI-PUA oligomer2}
Hh3-7d A A 22l 718 F7HAIE EFste] AR A
£ A| %3192, SPI-PUA oilgomer?] HE=7} =7] o
ol ¥h3-4d 3 A AL} & AolA] & 7Hsdol &
b2 @Eo 60°Co 30+ A & AFE-SHATH R A
o] ujgk2/d- Table 20 Yetilet. Aot 7
b A gkoll Z+zF 120 pm, 30 ymo] FA R o] &2 A o]
B & olgsto] AR5t on A E =g Ao A
12 A= HESAZ & vgTetolt Hxrh ke
AL A A& 0835t 1,000 Wemo| FeF =71
off Al 187t A 3HA H o

Table 2. Composition of SPI-PUA coatings

Composition (weight percent, wi%)

Level
Sample  Gjigomer  BOA  HDDA  TMPEOTA o ®

Defoamer

SPFPUA

coatings

58.5 28 10 2 1 0.5

23. 00 OO

LA =l SPIS] FtxE= 'H-NMR (600MHz, Agilent
system) 2 AFgato] BHelslg o, Sl CDCIOE A}
85tk SPLPUA 22]51m 9] 2} whg wAd A

52 P 28 moke] Aot RS selsts] 9
FT-IR (Nicolet 1S5)& A5l =42 4,000~400
cmlof| A F=AE 814 32, S E 4 emz Shof AHEYS
B A3Fect SPIQ UV &3 %= UV-VIS £374|(Jasco
V-770)2 A3t A RE 1% tolueneZ 3] A 3o
AHgatg o], ZHS 200600 nm 9o A FHEES
]

A3 wuke] 7] AH 54 A}
4591 %A 8 7] (DTU-900MHA) S A3
o}, oju] @ 70| 20 mm, E 5 mm, £ 0.12 m
51, W7 £ = 500 mm/min® 2 379 A|HES
3 T FRYL A
= APE o] ABH=AF7I(SB-191)
E AR5l H7F £ 55 15 mm/min, 32 500 g9l
At Bz o] 42 KSM ISO 24099
mm tA0 2 V12, A&

s

AN

< o

(o]
3

=i
ox HU 32 rlo

Bi}V

¢

e

=4 2
i 32 wd Ald grtstelom, a5
7F2 10 mm, A2 8 cm, =7 1 T ~3 TZ ZHz} A3}
of IE AHE 0°FA T L Alo] 71E ohe SF
G we AL DA,

Aol FHAHA| ()= 2719 A= ot &9l =
“d(polar)1} H|=/d(non-polar) M5 ZHF A7 FH
of Wolms e ) W4T Zi7te] E7E 2gsto] /)
btk A&7 S0l AHEE AL B} v
’d &2l diiodomethane= AHE-5FLIL, H£H2F 547

(Phoenix 300)2 AF8-35l0] =43} th Owen-Wendto] A
o3t WhH ol u| A (EAE) Al E(Dispersion components)
2} =4 A E(Polar components)2] o2 FH o4 X
£ AYslon HEHzae] #AAL A (D) 2o

=101 = ll+eosd) = 203y OV + 2030y 00 (1)

3. 00 0 4dd

31. 000 spIO0 OO OO0

L= =29 EAA, 2-HPAS} SPI9] FT-IR spectras
Fig. 1o Yetfslct. 2= S804 C=0 peak?l 1,744
cml, 1,718 cm-19} -CH; peak?Ql 1,380 cm-'7} 25 ¢
a1, 2-HPAS A9 & el C=C peak?l 1,635 cm!7}
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Figure 1. FT-IR spectra of SPI. (a) EAA, (b) 2-HPA, (c) SPIL
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Figure 2. 'H-NMR spectra of SPI.

SPIOf A= Abetxl A& AT 4= Q3h

FESF A= SPI9] 'H-NMR spectrumE- Fig. 20] 1}
e 2T} ~3.3 ppmol Al ROH (1H), 2.6~2.2 ppmo] Al
RCH,COOR (4H), 4.5~4.0 ppm©] 4] RCH,OCOR (4H),
4.1~3.7 ppmol| 4] R,CHOH (1H) 2 ~1.0 ppmo] 4] RCH;
(OH) o 93 B E44 W=sb et Ao B
of A7t FA 37t 7hHs3 S 7HAI7F Michael addition HF
goll ofa] 4EHoR HHUSS FAT & YAk

A SPIO] Faakd WIS 2] Sl8) UV-VIS
spectra2 Fig. 3¢ YEeEY 1 oH, F7JA A Q] Irgacure
184¢} wlwslo] eIt Irgacure 184 = 380 nm
olstol Gololn] & F4ubge 71, GHYE SPIE
325 nm o]5ke] Gelo M BoubgS sHATh uhebA
FAE SPL= AN BT Fubg delo] 23 F
a8 s,

=1
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Figure 3. UV-Vis spectra of SPI and photoinitiator (Irgacure
184).
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Figure 4. FT-IR spectra of (a) NCO-terminated polyurethane
prepolymer, (b) Decreased of NCO peak, (c) SPI-PUA oligomer,
(d) Cured SPI-PUA.

3.2. 000 SPI-PUAL OO OO

Fig. 42 o|Hdo] A3t SPIE R Tdslo] =
7t B7 37t st EY A ol ol E Y A
74 FT-IR spectrum® UEH Zo|th Fig. 4(a):=
prepolymer AFE] 2] FT-IR spectrum©]th. N-H peak?l
3,330 cml, -COO peak”} 1,730 cm'! Lo A HzEHO
24 77 FAAES ST 4 Aok B3 T
18- NCO peak?l 2,270 cm-lof| A 2= @it} Fig. 4(c)
= olaE 7| E =Ust & Y3t FT-IR spectrum©]| T},
1,640 cm-1o]| &) o}f=ZF 7|l C=C peak”’} ¥Zo] T 1,
NCO peak7} $+43] Abepxl Ao &2 Hol 247} 37 5t
7 FHset Be e ofaduolEs) HAHALS
shol s gic}.
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33. 000 O4d
Fig. 5= Ao S & 43t

o Lpehul Asholch. spie] gapel

HE grol Z7ksha AREE a e AAE 0
t}. Michael addition BF-2-9f 23] d+AJE SPI L2 = &
Hto s fAEAHEZA 43t ofm Y olEA
2o 2 W wgFo K Balo] 2u) o4 7}
s Eiok Aerat A Aol 9 BAFE 2 SPle
A ol M 4 AT W 28 Agow AT B
7} 9 E-S Sl+= hard segment® 2}-8-3}A =l whet
A SPI9] gteFo] F7tstH SA 9 7t =7} F7tst

¢

7
3k
=

A =1 ol EEF JrE ZIA A HorR 2
BAE G S A, 24 ) 5ol T
a31A Eo] 4AlAEo] FastA Hohs, 9]
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Figure 5. Strain-stress curves of the SPI-PUA films with a
different content of SPI.
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Table 3-8 Base treatment AT+ ¢of ZE-E 3l X2
X ASE A]# E3} dilodomethane 2] 7 7—1-% =43}
# ol Fol d= EHAUAE UrE}lﬂﬂ Aty =
G35 Ato]e] FHEAS YotE T dutygom &9
TR Bt 7|7 FHA A7} dom g
< ", I gijo]d S ok T W2 32
UAE zZte B2 52 3HUAE ZtE S22 94
A (wetting) AFE 714, 1 ukel B ool oz

(droplet)2 & AJ3Hc}[10]. Base treatment & 2] 3 1H o
U A= 40.7 mN/mo] 1o, SP19] ghaFo] F7hghe] wh
of XA} 7otk ol WEo| 548 o
I ee & 4 3o, ES Base treatment A0 F
Holl g A Hot SP19] gFfo] 10 mol% {7k Al Al4kgh
Age] BAYA7 B 27) o] Tl Ahe o
ZA(droplet)y2 FAAW== AT = AATH10, 11].

Table 3. Surface energy of SPI-PUA base treatment metal plate

Content angle () Surface energy
Water  Dilodomethane (mN/m)

Sample

Base treatment metal plate 71.36 36.51 40.70
SPI-10 76.99 3442 4429
SPI1-20 7718 40.14 39.71
SPI-30 78.05 40.92 39.60
SPI-40 T8.77 46.39 36.02
SPI-50 79.32 48,13 3497

35 00 00 OO

A ww 9lo] YA mxatn 2ol A
A5 EA4E 543}9&2‘31 Table 4¢] 7 2] 5}
Weleh F2H4d 9] - SP19| heFo] F7hgtol w
7teEle AES Oﬂt‘r SPI9] {tefo]l S7He 45 &
ANIA 7} FaxstA o 22 (wetting) 3 S A
San Aui D50 B0l 451 S o] H Y
thar wekE o

£3] SPI9] 3ol 40 mol%E H7Het W0l 714
-5t ek shARE, SPIS] FHFol 50 mol%d W=
hard segment®] F7F=2 Qs FAA7] #& st=% =
3& veEhdth whebA 7hEd B7E Aol A= SPIY
ghgol 50 mol% T wj wFHo] W=t EIT
Ztaert F7hE s AdAE o] &S s3]
HE&AEE BE A3tE Fgol S8 A0E 2
(Table 4).

o}
1}
2}

ot rE ofN T ot

%

Table 4. Coating properties of cured SPI-PUA base treatment
metal plate

Solvent resistance

(MEK rub)
SPI10 [:] 90 Good 1T
SPI-20 6B 95 Good 1T
SPI-30 6B 98 Good 1T
SPI-40 5B 100 Good 1T
SPI-50 5B 40 Good 2T

Sample Pencil hardness Adhesion Bending test

4. 0 0O

2 dqolAes A7t FAFs Thsd FAHAE
Michael addition B30 &2 $lAJ3lo] o|& A L3 Zg
A oAUl gelnn g U sHae. S
%{Hﬂ—‘ﬂ FT-IR, NMR &4& 53 #+25 &

i, ZY g ol g Yol
FLIRE SHlshelch. 71744 242 2
A 2] ?ﬂal:o] 27]—6L/\E AT = =Vt

N
Y
>.
g
&
o
E
i
AT

Aol gl 57
Ay 7FFHE AT

o+ U=

g p A
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