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Abstract — Five different composition UV-cured poly(urethane acrylate-co-acrylic acid) (PU-co-AA) films have been
prepared by reacting isophorone diisocyanate(IPDI), polycaprolactone triol(PCLT), 2-hydroxyethyl acrylate(HEA), and
different weight ratio trimethylolpropane triacrylate(TMPTA) and acrylic acid(AA) as diluents, and characterized using a
Fourier transform infrared spectroscopy(FT-IR). The adhesion properties onto the stainless steel, morphology, mechan-
ical hardness, and electrical property of UV-cured PU-co-AA films were investigated as a function of acrylic acid(AA)
content. All the PU-co-AA films are structure-less and the molecular ordering and packing density decreased with
increasing content of AA due to the flexible structure and -COOH side chains in AA. The crosscut test showed that PU-
co-AA films without AA and with low content of AA showed 0% adhesion(0B) and the adhesion of PU-co-AA films in
the range of 40~50% AA increased dramatically as the content of AA increases. The pull-off measurements showed that
the adhesion force of PU-co-AA films to stainless steel substrate varied from 6 to 31 kg,/cm2 and increased linearly with
increasing AA content. The mechanical hardness also decreased as the content of AA increases. This may come from
relatively linear and flexible structure in AA and low crystallinity in PU-co-AA films with higher content of AA. The
higher AA-containing PU-co-AA films showed higher dielectric constant due to the increase of polarization by intro-
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ducing AA monomer. In conclusion, the physical properties of UV-cured PU-co-AA films are strongly dependent upon
the content of AA and the incorporation of AA in polyurethane acrylate is very useful way to increase the adhesion
strength of UV-curable polymers on the stainless steel substrate.
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A-eelE 59 kS Al tet HEE Jdsiglont,

8k A2y ghiof Aujsioic
B A= ARl A8 3 788 343 38IE S

E¥ T 3}, isophorone diisocyanate(IPDI), polycaprolactone triol
(PCLT), 2-hydroxyethyl acrylate(HEA), “72]3L, HF3-4 3|29 24
trimethylolpropane triacrylate(TMPTA)®} acrylic acid(AA)2] 714H]
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2 57, 714 573 Soll tist AA Fge] IS ARSIt
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2-1. PU-co-AA ZE2| HIZ=

2-1-1. 4% 54

2 Aol ARgE A9k TR} 2t} Polycaprolactone triol(PCLE,
Aldrich Chemical*}), 2-hydroxyethyl acrylate(HEA, Aldrich Chemical
A}, acrylic acid(AA, Aldrich Chemical*}) dibutyltin dilaurate(DBT,
Aldrich ChemicalA}), isophorone diisocyanate(IPDI, TCI Korea),
trimethylolpropane triacrylate(TMPTA, W]/, 1-hydroxycyclohexyl
phenyl ketone(Irgacure 184D, Ciba Specialty Chemicals*}). & 1
o] BE Aok F71 AA 7 glo] ARSIt

2-1-2. $-ygto = H o] E 2] 110 (urethane acrylate oligomer) $d
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W), A, A5 T, aEla 35 W82717E 5E1E 500 mie]
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% 200 ppm®] DBTE £33, 80 °CellA| 3AIZF B<t S-2l&t 343
S Fegsict vkgo] B ¥ 60 °CE WHES WA &,
NCO= gto] F4 % 22]&2| ™ (prepolymer)oll HEAE 33| F
gt T 60 °C o]t =olA 1AIRE 5<F Hhg-5 %135t & ¢-et
olZHo|E S E AA Hrh i g2 A 29171 stellA
R

2-1-3. PU-co-AA E52] Az

212004 Azt SeeolaHeolE i, Wk 34|
(reactive diluent)Z4 TMPTAS} AA, “12]37 F7HAA] Irgacure 184D
£ 0]85}0] PU-co-AA LE-E FHIAS AF315] 0H, &= ATteA
Azet R Ne] 2492 Table 101 HERAATE PU-co-AA E5-5
A7 2lste] 71412 w7 1E ARgate] Alzgk IR e felwt
= 2ERIEIA A5 (430SS) 713 910l bar coaters: ©]-8-310] K3
SATt. oful, ~E|QIZ2 ~¥ 7132 isopropyl alcohol?} 253} Al
2715 o]g3to] AHAYS XISt 713 9ol Exsh $ 42
UV (1000 W/em)E 120 sec 52t UV 3125 A*A] PU-co-
AA BEE FAsH At Earst 7)o 25 FES AASHH,

215 23715 SeiA] diaFlolEel ES Rsiit) & A3
o] 243571 flske] WkgAd A A1Q1 TMPTA/AAS] FAM]=



SETHE B33t IHEEe] B st olaH ik Acrylic acid)] FEF 77
Table 1. Compositions of UV-cured PU-co-AA films prepared in this study (weight in grams)
Sample PCLT IPDI HEA DBT TMPTA AA Amount of AA in diluents (%)
PU-co-AA 0% 167.9 0 0
PU-co-AA 33% 112.5 554 33
PU-co-AA 43% 95.7 722 43
PU-co-AA 45% 92.4 75.6 45
PU-co-AA 48% 25 11.1 5.8 0.08 87.3 80.6 48
PU-co-AA 49% 85.6 82.3 49
PU-co-AA 50% 84.0 84.0 50
PU-co-AA 60% 67.2 100.8 60
PU-co-AA 66% 57.1 110.8 66
H,C NCO
‘{ ‘(CH +°_°Hz CH,— + 4<CH>~ ﬂ» + HsC
H,C” ~CH,NCO
_{ _( ;ﬁll + NC,Hs
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-[o—( r—)z C-}o CH, CHZ-O-[-C é,.} ]_"/ CH,
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c-N_o o : .C
OH >§ Hsc AN n 9 Q/N_C C
c10 C ¢ H CH Y
1 et H‘?{C(C%}f ue 0 onX
HC~ e N Q Q /\
OO CC C " "
é HA pﬁf_ﬂ /C{O{CHLC}IP—CHQ C,Hs
‘}CH)( H,C 2 PU-co-AA
CH, E——
Fig. 1. Synthetic scheme of UV-cured PU-co-AA films.
100/0, 67/33, 50/50, 40/60, 18] 11 34/66°.% Z1835}9] © 7] TMPTA A3 As g TS LR 0 2 FAde] tjgh o8 AdAIs] ARk
S} AAS) B WA 24E0) 0wk SIS 2UHk 17 ok @ BEC) T o 10wt SRS 2Eson, & Ay
1}, crosscut adhesionoll &J3F 2] 2] - 33~50% ARl & o] IS Fig. 190 LFERASITE
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2-2-1. FT-IR Spectroscopy

7129 IR 3%+ 542 3 24 9 h= 24 el
= 7l At ARE . fEeeladdolE e}
UV Al 93l 37318 PU-co-AA BE2] AlZE Digilab A1)
Excalibur Series FTIR spectrometer(Varian 4100)5 ©]-23to] gRl1s}k
Ak, S A3 ARS 4,000~600 cm™'2] HSIelA 0.2 emIE
64 scan®] A5 B3t

2-2-2. WAXD 573

uhelo] BE= 2] (morphology)E 79317 #18t9] RigakwAe] 3
5471 (Model D/MAX-C 2500H)S AH8-31] WAL B (reflection
mode)°lX] Wide Angle X-ray Diffraction(WAXDYS 73331t} o]
w392 CuKa(h=1.54 A), BE= Rl 2rolE S o] 85310
™, 40 kV, 40 mA°IX XA1& 2Eslt). s 5792 620 FL=o]l
A 3Rl or, 3~50°20) H91E 1°ming] scan £, 0.02°20)
A7 AF At

2-2-3. A2 A

2EHQIF2 28 7]l IR E PU-co-AA 5] F2A #4S
$J3koq pull-off strengths] (ASTM D4541 )3} crosscut adhesion(tape
adhesion, ASTM D3359)%& ©]-23}3It}. Crosscut adhesion(tape
adhesion) =73 2] 75, AHQEA A8 7|3 9ol 3733 EE 2
Soll elgfet Z+& o] &3lo] 534 HAME | mm IO = 1UIE
a=jar, o71ell wakelA S HaAA 10ikE a8 W3 A3
10071 =t A& o] 25 ZAAt 2]of F-2kab, 45° 7ko & oA
sk o= dojun], HolQli AR ol whet A v A
73}, Pull-off strengthi] 2] 73-9- DefelskoA]2] Positest-AT-Automatic
& ol gslo] FAsTE 91714 12.6 mm? A ] AF studE A7
318 oFA] HAAE o]gate] A3le AFEH| o)A FHH,
Fig. 201l Vb 213} o] 55713 IR S Alol2] Ak A=t
A es = S8k "0

2-2-4. AT 5 A

UVZSHE PU-co-AA E5-2] 75 8RS AIEH7 MTS
AFe] MTS XP nanohardness tester2} Berkovich(three-side pyramid)
diamond indenterg ©]-8310] S3I3itt. 57> Berkovich $A}
2 5mN9| 350l 5 um FF 0 15%32] AxEE =2 delste] A
Ak HAd ] AL 53 5<F 44, 2% BRF 5 mNe 4
ke 1A, T 5x2 53 A= Ak e Rlo] R E(Load
control mode)°llA] ALY

2-2-5. 2714 B4 54

Metal stud

Epoxy adhesive

PU-co-AA film

Stainless steel substrate

Fig. 2. Pull-off strength test arrangements for the adhesion mea-
surement of UV-cured PU-co-AA films.
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Azt PU-co-AA HE2 FHE S4S Slste] A= dolH
(silicon wafer) ?]ell PU-co-AA TR NS T2 £ UV H3= 3
SISt} PU-co-AA BE2] out-of-plane¥} in-plane®] =4 & S
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THE ngp = npy, = 2.16772] cubic zirconia 2|55 ARESISITE

3. 41 ¥ nE
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Q) Zele-HgolAYo|E Alx Al olgEE F A 34
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E 71e] HES-¥ HEAS -85 thily] 24 8 53 Segtolad|
olE g A% @A, (2) F WA A= Lol v
4 A, 283 BAATE £ 2= AlxsE UV 2AKE &
3t A3 AR FEE) o] gt felgela 0| E &2l e}
#7331 PU-co-AA B52] TS ERIsH] fI8te] FTIR 49
AAElen, 1 A7E Fig. 300 YERSITE 91714 Fig. @)= A

tlo

UV-cured PU-co-AA 0%
o
S v
Q
Q
=}
8
=
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Z Mfé_‘
<
=
2270cm’
(NCO band)
(@) 1720cm™ (C=O stretching)
1 1 1 1 1 1
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o
&\/
o |PU-co-AA 50%
g
£ |PU-co-AA33%
g
g
s PU-co-AA 0%
i W
(b) 1l720cm"I §C=O streltching inlAA) ll 530cm"l(c_N band)
4000 3000 2000 1000
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Fig. 3. FTIR spectra of (a) urethane acrylate oligomer and UV-cured
PU-co-AA0% and (b) UV-cured PU-co-AA films.
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AZ3F UVASHE PU-co-AA 0%(AA ) @%)ﬂ FTIR spectra, Fig.
3(b)i= UVASHE PU-co-AA B2 AA ol WhE spectras 7+
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Fig. 3(a)°ll YR 217 o] ] f-eetoladdeo|E S5 A
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stretchingg YERYE= 1,720 em™'9] 337} AP o7 77} slelst
 QtH7,13-15). 3 Fig. 3(0)2] 3$- PU-co-AA HE 3 AAS
S53F 74 1,690~1,710 cm~'ellA] A28 927} LERa} AAL]
6‘%}01 S7FEE 1,720 em '] BT RO JO|A Aot SRR
A% = girk. 53k, AA FHgo] S weh $HEe] CN 5
3 YERNE 1,530 em™'] 3|27} o)A 0 2 ofFsfix|= e &
Atk FTIRS] EA¥A.9] f-7-5 F310] PU-co-AA H52]
I = glom, T3 AATHFS] Tl wE S99
7] F7h= PU-co-AA BFolA E29-dsk ol o|Es} AA

Al FE AL 2 QdEe FR1E 5

i

>~
T
=
=

HJAFEOZ:J
PNmﬁ

3-2. PU-co-AA ZEC| ZEZX|

A2, 47 A, 71A1A ZAE T2 aaEAke] =eElRQl B
sleba] 7z 9 3] SN Yeh s REEA ) A &S
tH11-14]. PU-co-AA BE-2] REZ X9} BA 1o Al 27]
slo] WAXDE #AJ81810H, 71 A3E Fig. 40 YERASITE AA
7 ol Adaglo] BE PU-co-AA BE- 18° FtofA] &k 7)|9)
amorphous haloZ YERNS 01, o]= PU-co-AA HFo] 712171
T-Z(ordered structure)s ZE4] 93-S LERATE $HH, amorphous
halo®] 7359} sharpnesse AA S-S S7HAIR ol whe) 43513
t}, o]2}g WAXD Z¥R= PU-co-AA 52 T4 3o]m nl3t24
olm, FAk] 1A W AT AA o] ke wet 2
23He YERdth o= AA A Al K9] AH871E 71 TMPTA
of nlate] Ad oz f-A%t 28} 7w ) whom, A

(e)

(d)

(c

Intensity (Arbitary unit)

b)

1 ] ]
10 20 30 40 50
20 (Degree)
Fig. 4. WAXD patterns of UV-cured PU-co-AA films: (a) PU-co-AA

0%, (b) PU-co-AA 33%, (c) PU-co-AA 50%, (d) PU-co-AA
60%, and (e) PU-co-AA 66%.

TREES =Xl dfgh ol (Acrylic acid)®] & 79

-COOH 27} 2143t & Wafishz Zloll 71918k 2 o® A}
EHTHI9].

3-3. PU-co-AA EE°| Xz
71 TR A 252 Au|E ks Bosky FARE &)
ol w9l HhHolx e F&uH ke BEES HalES

=
alAsh= Zlo] Aot daATrellA 7]esialzel[13,14], 371¢]
28715 7 EEEe AR UvdEks el pedota el
E9] A9 st 71AIA AR el AT sz, B A,
jﬂ ‘*Hﬂﬁ“* 5ol st 54 VERIARE, S5y [ &

g UERdt dRbA o ® Tl gt Uv sk 784 v+
o ;G—Q_O_

() Zv] YEYA 720l whe =& 7hrd e

(2) o}2 27 bindero] W= 11 g o7 T A5} 5

(3) F&xH o] B3k 218 AJA
off 71Q18HH2,5,6,15,]. & A7-olM = w53} UV 733 &2
—raﬂE}o}ﬂa glo] 2] J2tes A7)V $leke] -COOH 28715
7R AA BE 3709] A48T 7R HES- 31494191 TMPTA thal
AT mdatal o, F5aH A A S AA J7Ig) wt %
AFSFSATE. Fig. 5% - ATrollA AREsh ~H]QIHA ~E EWH 2
AFM XS YR Fig, SoflA] ER1E 5= glo] & AtellA]
ARESE AEIRIEIA A" S A AR 7Y EA 75 0m FEOE
AntkAel A2 WIAYE T interlocking effect/| 2hS A0 2 o4
HoH15].

2371 Fig. 5elA Wb 2RI 29 32 flof T E]”—
’d2] PU-co-AA FHENE T¥ 3 F UV A3E HAEI8IT
EATe] H2E-S crosscut adhesion(tape adhesion) 2} pull-off
tensile strengthf]S 0|83l 57431 01, 1 AI= Fig. 60l L+
ERASATE. Crosscut adhesion 5 #412] 73-9- & 53] 7 2] H+t4t
o7 HolQli= FX square®] =AM g3l om, A == 0B
A2k BekelA sBEEE )9 et e, 1 AnE
Table 21 2]}, Fig. 62} Table 201 WERH 512} 240] crosscut
adhesion o2 2k Haee AA SHgel A oEshes AE &

i 011:]— 40%_/1 AA g bﬂ-Bk —,~—17]]—X] \;lr X%;GE_:} 0B =& i

150.0 nm

125.0

100.0

0.0 1.0 20 3.0 4.0 50pum

Fig. 5. AFM image of stainless steel surface for mapping mode.
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S (=) o [=3
[=1 (=] (=1 (=}

Adhesion Strength (kgf/cmz)

[
(=1

The Number of Remaining Squares (ea)

(=}
o

] ] ] ] ] ] ] 0
0 10 20 30 40 50 60 70 80
Content of Acrylic Acid (AA) (wt %)

Fig. 6. The adhesion results of UV-cured PU-co-AA films; (a) by the
cross cut adhesion test and (b) the pull-off tensile strength.

Table 2. The adhesion strength and hardness results of UV-cured PU-
co-AA films

Crosscut adhesion test Pull-off strength test

Sample # of remaining Classification” Adhesion strength

squares (ea) (kgf/cmz)
PU-co-AA 0% 0 0B 6
PU-co-AA 33% 0 0B -
PU-co-AA 43% 16 0B 14
PU-co-AA 45% 28 0B -
PU-co-AA 48% 51 1B -
PU-co-AA 49% 92 3B -
PU-co-AA 50% 100 5B 23
PU-co-AA 60% 100 5B 27
PU-co-AA 66% 100 5B 31

“classified by the number of remaining squares; 0B: less than 35ea, 1B:
64~35ea, 2B: 84~65¢a, 3B: 94~85ea, 4B: 99~95, and 5B: 100ea, respectively.

Hehlgler, 40~50% Alelol A 2ol FASHAl ST, 50% ©]
el 5B ] e A EE WERASITE $H, pull-off tensile
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o] T7H= 2RI A9 e SRS STIAA A
IS 7P Aoz Alg gt g, IR A Rl 28 %
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Fig. 7. Contact angles of PU-co-AA coating drops on the stainless
steel substrate.
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Table 3. Refractive indices and dielectric constants of UV-cured PU-co-AA films measured by the optical method

Refractive index”

Dielectric constant

Samples e - =~ & (at 474.08 THz) &7 (at 1 MHz)
PU-co-AA 0% 1.6031 15962 1.6008 2.56 282
PU-co-AA 33% 1.6687 16539 1.6637 277 3.04
PU-co-AA 50% 16979 16877 1.6945 2.87 3.16
PU-co-AA 60% 17145 16976 1.7088 292 321
PU-co-AA 66% 17349 17211 1.7303 2.99 3.29

“Measured at at 632.8 nm (i.e., 474.08 THz).
bCalculated from the measured refractive indices ny; and ng,,.

“Estimated from the measured refractive index using the Maxwell’s equation: € =n,,.
“Estimated from the measured refractive index using the following equation: €

3lo] PU-co-AA BE-2] B38H] 54?1 28 E (refractive index)2] 3
TEEE T8k, 2] (1)2] Maxwell 37215 o]-§ato] B8] Sl
(optical frequency)o1X1e] PU-co-AA Z& FHIEFO] FNTE
Rl =

eonl, (1)

&

g 1 MHzo X 9] 37 oF 10% F29] IR 572 982
a3 A (2)9] AR R g = ITH19].
e~1.10n, o)

PU-co-AA B 52 Z4E2 TM mode®] nyg(out-of-plane refractive
index at 632.8 nm)2} TE mode®] nyy(in-plane refractive index at
632.8 nmyE 217t Tl o, Hagk n,o TAA (3 o]E83t]
TSFATH11,12].

_ (2ngg+n7y,)

w5 )

1 AYH= Table 39 YERAIT). 288 S 23, AAS] 7o)
S7FHEE ngt ngy, 7 B 71RO, AA FHE] 001141 66%
2 SVl el FHE gk n, = 1.6008°14 1.7303% S718F
Atk o1& 1 MHzolM 8] 3745 54314 2.82~3.299] gh& 1+
BRIt dnkA o 2§ (1) 8 2ARE, F99), ) 1L
Brpe] w24 3) BERA, 4) 4E A EEE, 9,

0.5 T T T T T T T 4H

1
B
Pencil Hardness

Nanoindentation Hardness (GPa)

0.0 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80

Content of Acrylic Acid (AA) (wt %)

Fig. 8. Mechanical properties of UV-cured PU-co-AA films; (a)hard-
ness by the nanoindentation and (b)pencil hardness.
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