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Abstract: We prepared adhesives for silver nanoelectrode transfer with high transmittance and adhesion using a UV-cur-
able polyurethane acrylate. The silane-capped polyurethane acrylate (PUAS) contained polycaprolactone diol, isophorone
diisocyanate, 2-hydroxyethyl methacrylate, and 3-aminopropyl triethoxysilane. The PUAS-based adhesives were obtained
using the PUAS oligomer, acrylic diluents (2-hydroxyethyl acrylate and 1,6-hexanediol diacrylate), and 1-hydroxycy-
clohexyl phenyl ketone as photoinitiator. The adhesion properties of the PUAS-based adhesives between polycarbonate
(PC)/PC films and their UV curing properties were compared by controlling the content of photoinitiator and diluents.
Transmittance and yellowness were well confirmed for all adhesive types, and their heat resistance increased with increas-
ing diluent content. In addition, as the diluent content increased, the adhesion strength of the PC/PC film increased, and
the silver nanoelectrodes were efficiently transferred to the PC film, showing excellent sheet resistance properties.

Keywords: polyurethane acrylate, silver nanoeletrode, transfer adhesive, reactive diluent, photoinitiator.
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Table 1. Formulations Used for the Preparation of PUAS Samples

PUAS composition (mol)

Catalyst (wt%)

Acrylic monomer (phr)  Photo initiator (phr) pyyas olg.

Sample

PCL  IPDI HEMA APTES DBTDL PUA HEA HDDA HCPK (%)
PUAS adh. 1 37 0.025  0.05  0.033  0.017 0.02 100 20 150 1 37
PUAS adh. 3 37 0.025 005 0033 0017 0.02 100 20 150 3 37
PUAS adh. 5 37 0.025  0.05  0.033  0.017 0.02 100 20 150 5 37
PUAS adh. 7 37 0.025 005 0033 0017 0.02 100 20 150 7 37
PUAS adh. 3 30 0.025  0.05  0.033  0.017 0.02 100 27 206 3 30
PUAS adh. 3 25 0.025 005 0033 0017 0.02 100 35 264 3 25
PUAS adh. 3 20 0.025  0.05  0.033  0.017 0.02 100 47 353 3 20
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Figure 1. Reaction scheme for the synthesis of PUAS olg.
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Figure 2. FTIR spectra of prepared PUAS olg.: PCL, PCL+IPDI,
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Foll we e olm e olE 7]

HE e A5 AN HE 2w UV F3EA Hst 137

He f . H o e H, [ CH
LN g0 A A N A o A A AP
b M h e m mw i i m e [ 3
d~ ~f O o I'».,</<I
AN | e A
¢ HiC o o P K HiC s q i CHy ¢
) ) H
e -G N ro g 2N g
& :
& CHs s gy,
B k k
£
o h
e
CDCl,
n B d e
b
k
q P p o 1 ¥
: L ul L UG
" T T T T T T T 1
8 7 6 5 4 3 2 1 0

ppm
Figure 3. '"H NMR spectra of PUAS olg.
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Figure 4. Dimensions of specimen for single-lap shear tests.
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Figure 6. Viscosity changes of PUAS samples with different initi-
ator and diluent contents: (a) PUAS adh. 1 37; (b) PUAS adh. 3 37;
(c) PUAS adh._5_37; (d) PUAS adh._7_37; (e) PUAS adh._3_30;
(f) PUAS adh._3_25; (g) PUAS adh._3_20.

IPDI ¢ & 2270 cm*4] -NCO stretching®l] 2|3t 3| =7}
UeRdt}h e DBTDLe <13 -OH71¢} -NCO7| 7+ S-#e b
50| ZZ=EHEA] NCO stretching 3] F+= 7+4313Z, 3340 cm?
ollX 2] N-H stretchingZ} 1520 cm™4] C-N stretching®]] 2]
St 9327 AT HEMA 9 3 1620 cm'ol|A] C=C
stretching®] A3/ =™, APTES ¥ 3 1100 cm™4] Si-O-R
stretching®] A/ ¥ 3L ¢-dlo} Agol ]t NH 9|27t 5
7R AR NCOZI7F B 283 A 3l
ATt w3k, TEA FAES] C-H stretchingS 2900 cm’
oA UEREeH, 1750 cm”! 2 1200 cmol|A 2] 3= 7+
Z} C=0 stretching 2 C-O-C stretchmgoﬂ CLIRE 1507
F7H 22 Figure 39 PUAS olg. WFs- ¢k5 $ 'H NMR
A EYS eI 34 H5S -?'] 8 ¥aE o=
2719t 712 AP E Ak g ol HEMAS] vd
71(-CH3= 1.9 pmeHfH, HE@ 7] (=CH,)= 5.6 2 6.1 ppm
ol A E T} APTES?] Sioll 2% wl €&l 7] (-SiCH,- )=
0.7 ppmol| A1, HEA]71(-Si(OCH;);= 3.7 ppmellA] AJAdE T},
o] ZH A]—’—* mﬂﬂ HEMA % APTESZ 713¥ PUAS olg.
7F 54 oo Ikt
HE. Flgure 6{? %7H/\]Xﬂ 2 8|44 gl w2 PUAS
adh.®] A5 JERAITE F7IAA| gl S7FES 8o
gallEs TaEo] Z7sle] 309, 315, 322, 324 PR HET}
& S7¥she 4 de RIS, PUAS olgf] 240 7
13, 3|47 9] 2Ado] S7Hd5 315, 183, 126, 105 cP=
]": A Glsislnh. dukdlo g At 9 Ay
A= UV 743k PUA A9 ¥H-8-4 sIMAlE A4
3}04 AEE 48] AR 2 74, 2 52

i

(

1

1

ooy t} H

i ?

ol
!
o N

Foll we e olm e olE 7]

HE ke A5 AR A 28] UV AsE wist 139
100 (a)
90 (b)
80| e ()
— OF (@
g wf
&
7] 50 -
= &l
30 L
20+ !
10 ""'
5‘0 I(I)O 1;0 2{‘)0 2;0 34‘]0 3;0 -I-!I)O 4;0 5ll}0 5;0 600
Temperature (°C)
{0 LT — . (b)
mh W " a
: - : (e)
S \ 9
o _—
S "
T sof -
=)
5 S0F
&l
30 |
20
10
"ﬂlw-u-olom

50 100 150 200 250 300 350 400 450 500 550 600
Temperature (°C)

Figure 7. TGA curves for UV-PUAS films with different initiator
and diluent contents: (a) PUAS adh.c 1 37; (b) PUAS adh.c 3 37;
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(f) PUAS adh.c_3_25; (g) PUAS adh.c_3_20.

Table 2. TGA Data for UV-PUAS Films with Different Initiator
and Diluent Contents

Sample Ts, (C) Tape (C) 500, (C)
PUAS adh.c 1 37 310.92 382.08 412.61
PUAS adh.c 3 37 288.92 383.38 415.30
PUAS adh.c 5 37 218.15 374.07 411.49
PUAS adh.c 7 37 210.63 373.22 411.04
PUAS adh.c 3 30 295.83 383.21 415.88
PUAS adh.c 3 25 303.15 388.03 417.37
PUAS adh.c 3 20 310.70 389.51 417.49

wE PUAS adh.c 229 TGA =43} 5, 20, 50% =% 7+
o W2 &= Yehl3lt) 250 C o]de] Hajle &3
o= Fd 8 e R Tl SR FIh T 2

AN 600 Tl o] 27 e 4% o= frARE
WS WAtk = 7447} 5% oA A lstE £70e
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Table 3. Optical and Surface Properties of UV-PUAS Films
with Different Initiator and Diluent Contents

Surface energy
(mJ/m?)

PUAS adh.c 1 37 2.03 902 4B 6498 37.35
PUAS adh.c 3 37 2.11 908 3B 6522 37.02
PUAS adh.c 5 37 2.08 91.1 3B 65.15 37.05
PUAS adh.c_7 37 215 904 3B 6534 37.23
PUAS adh.c 3 30 2.06 912 3B 64.28 38.15
PUAS adh.c 3 25 202 905 2B 5827 44.17
PUAS adh.c 3 20 2.13 90.7 2B 5293 50.12

Sample Y T () PH CA (°)

PET 2.02 89.6 72.5 332
Ag/PET 64.7 38.9
PC 74.4 31.9

Y: yellowness, T: transmittance, PH: pencil hardness, CA: contact angle.
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Figure 8. Comparisons of single-lap shear strengths of UV-PUAS
films with different initiator and diluent contents: (a) PUAS
adh.c 1 37; (b) PUAS adh.c 3 37; (c) PUAS adh.c 5 37; (d)
PUAS adh.c 7 37; (e) PUAS adh.c 3 30; (f) PUAS adh.c 3 25;
(g) PUAS adh.c 3 20.
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Figure 9. Microscopic surface images of PC films after transfer of silver nanoelectrode: (a) Ag/PUAS adh.c 1 37/PC; (b) Ag/PUAS
adh.c 3 37/PC; (c) Ag/PUAS adh.c 5 37/PC; (d) Ag/PUAS adh.c_7 37/PC; (e) Ag/PUAS adh.c 3 30/PC; (f) Ag/PUAS adh.c 3 25/PC;

(2) Ag/PUAS adh.c 3 20/PC.

Table 4. Sheet Resistance Changes After Transfer of Silver
Nanoparticles to PC Films

Sample Sheet resistance (£2/sq)

Ag/PET 36 £ 15
Ag/PUAS adh.c_1_37/PC 84 + 26
Ag/PUAS adh.c_3_37/PC 76 £ 18
Ag/PUAS adh.c_5 37/PC 68 + 20
Ag/PUAS adh.c_7_37/PC 93 + 15
Ag/PUAS adh.c_3 30/PC 61 £ 17
Ag/PUAS adh.c_3_25/PC 62+ 19
Ag/PUAS adh.c_3 20/PC 57 + 16
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