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Abstract

In this study, a composite material suitable for flexible transparent electrodes was fabricated using Norland Optical

Adhesive 68 (NOA 68), an ultraviolet (UV) curable polymer, and silver nanowires (Ag nanowire, AgNW). The mechanical
behavior of this composite was then analyzed. A AgNW network structure was embedded in the NOA 68 polymer and cured
using UV energy. The composite was prepared with an AgNW network structure formed approximately 4 um from the top of
the NOA 68 matrix. Tensile test specimens were prepared according to ASTM standards, and tensile tests were conducted at
room temperature in air. Scanning electron microscopy (SEM) and tensile tests were used to analyze the changes in mechanical
behavior according to UV exposure time and the presence of AgGNW. The results showed that as UV curing time increased, the
yield strength of the composite increased while the elongation decreased. Regardless of the presence of the AgNW filler, the
stress-strain curves of the ductile polymer exhibited the typical mechanical behavior of semi-crystalline polymers as UV curing
time increased, characterized by strain softening. It was also confirmed that the composite impregnated with AgNW exhibited
higher strength in response to changes in mechanical properties due to UV curing.
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5012 15 em §AISI 00, 157 B} 2R 7 g0l B
Hg Wayeioch. Gu) SLE 91314 95 °C HEO| hot
plateo]] glass substrateS ¢ %] A| 71 3 IPA]| EALE AgNW
£ A9 Fo] TAYSHA] = oA Lz o] IF
stk ol2fet 215 ol AgNW LF9] ot L3t F7 2t
A Rl A /S 53

AgNW7} ldold ¥ Zeim A= A= sl
2 A= F7AE e E2H(UV curable polymer)E
ARG WE Fot £ S Sof 3 AS HET
T AL, AR Aol o8 A ZSHE 7] wiiZo]l ambient
atmosphere©| A 3742 ¥ 4= Q= FH o] ek 2 A
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Fig. 1. Optical micrographs of AgNW/NOA 68 composites, show-
ing AgNW embedded in NOA 68 matrix. The image in the bottom
right shows a more densely distributed area of AgNWs.



524 ZolA - APER  WA - E - o)

R

[Ho

Ao ABAZEO.R 93] AL Uolubs AoR B NWi= Fig. 10J4] 1= 513} o] et 2xeo] 31
Ik, wehA), B Aol A 108 partially-cured) T} 203 o] & BHelg 4= glek. £ A Fo] o 100 nm Y=

(fully-cured)7h 3He Al 8-S ALGBHGIEh IO 2 7] 2 Korte BY9) Aue} vl3 218 BAY 4 Gk, 2%
T HIE NOA 68 oI5t IS Bof Awy e dlo] 3Ye) 21L 2Asto] Hrj@ $AA Al 22
A AEE AT FYYAE FeAckFig D). o125 o] BFol B 5 A SHpon] ZAH P 2YS 91

A 717l B3 3He NOAR A=AE FASHA = Ag Q1A ABL Fig. 104 B 213} o] AQNW7} 5o
NWo| W ESIaE BEo] Zlghe] v T AR AR Hx] b HEL A 9fsta Axste] Z45keth o] A

gol FA == AgNW/NOA E3HA| A EE A &at3ict. Lol A & 4= gl50] AgNW=NOA 68 7] 2] ¢]o]| gHjo] Y
= 71 © & Fig. 2] thd SEM AFHS H1H NOA 68 7] % 2]
22. 7| A1™ HE &8 ©]2 oF 4 mm A% 2] 7|7} NOA 68/AgNW 314 2

NOA 68-ANW 2415 2 NAOGSS] 73 Al7tol 71 @ A4JE]o] 913 Lhwl A)= NOA 68 7] 2| 2 o] 20121 1S
2 A8 ASS Selsh] ofsto] A AR T et pEke S Irk?
Q] A& A asFA Tt 0] 934 o1& A3 7] (LRXPlus, Table 1-> A1 %] of] AME-3FNOA 68 E2 2] 7| A1 2] EAS
Lloyd Instruments Ltd., UK)E A& T A4 Al H -2 A eRd A o & A ZAKNorland Products, Inc., USA)o]| A A|
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3.1. AQNW/NOA 68 E&txli=z XM= chambero]] A+¢] & curing A| 7+ 183} 208 0 & 319t}

One-pot polyol HH(Z8]2 ) 0|83l A4S Ag 105 9 20371 UV curing §F A| H-& 242} “partially-cured”

Fig. 2. Cross-sectional view of SEM micrographs of NOA 68/AgNW composites; AgNW distributed approximately 4 um from the top
surface. The image on the right is an enlarged view of the boxed area in the left image, showing the region where AgNWs are distributed.

Table 1. Mechanical Properties of NOA 68 and measured in this study.

Tested in this study

Company

Properties provided” Bare NOA 68 Bare NOA 68 AgNW/NOA 68 AgNW/NOA 68
partially-cured fully-cured partially-cured fully-cured
Tensile strength (MPa) 17.2 17.36 £2.46 23.52+4.23 13.91 +1.96 26.37 +5.34

Delongation at failure: 80 %, modulus of elasticity (MPa): 137.9, hardness: 60 (Shore D).
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Fig. 3. SEM micrographs of NOA 68/AgN'W composites: (a) Before tensile test; (b) After tensile test. Red arrow in (b) indicates slip lines in

NOA 68 matrix. Insets show general enlarged images.
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Fig. 4. Stress-strain curves of (a) bare NOA 68 and (b) NOA 68/Ag
NW composites with varying UV curing periods (partially-cured:
10 min, fully-cured: 20 min).
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Fig. 5. Stress-strain curves and mechanical properties of bare NOA
68 and NOA 68/AgN'W composites, comparing curing times of 10
min (partially-cured) and 20 min (fully-cured). (a) and (b) show the
effects of UV curing time on bare NOA 68 and NOA 68/AgNW
composites, respectively. (¢) compares the mechanical properties
of each specimen.
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Fig. 6. SEM micrographs of a cross-sectional view of NOA 68/Ag
NW composites after tensile tests. The composites were cured for
1 min. (b) shows an enlarged view of the boxed area in (a).
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Fig. 7. SEM micrographs of a cross-sectional view of NOA 68/AgNW composites after tensile tests. The composites were cured for 20 min.
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