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A series of polyurethane acrylate/ZnO (PUA/ZnO) nanocomposite films with different ZnO contents were successfully pre-
pared via a UV-curing system. The synthesis and physical properties including morphological structure, thermal properties,
barrier properties and optical properties, and antimicrobial properties were investigated as a function of ZnO concentration.
FTIR and SEM results showed that these PUA/ZnO nanocomposite films did not have a strong interaction between PUA
and ZnO, which may lead to no increase in thermal stability. By incorporating ZnO nanoparticles, the UV blocking and anti-
bacterial properties increased as the content of ZnO increased. Specially, the oxygen permeability in composite films changed
from 2005 cc/m*/day to 150 cc/m*/day by adding the ZnO nanoparticle, which indicates that the PUA/ZnO nanocomposite
films can be applied as good barrier packaging materials. Physical properties of the UV-cured PUA/ZnO nanocomposite film
are strongly dependent upon the dispersion state of ZnO nanoparticles and their morphology in the films.
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Figure 1. SEM image and size distribution of ZnO nanoparticles used
in this study.

cyanate (IPDI ; Mw = 222.28 g/mol, TCI Korea’}), methyl meth-
acrylate (MMA ; Mw = 524.51 g/mol, Aldrich Chemical*}), 1-hydrox-
ycyclohexyl phenyl ketone (Irgacure 184D ; Mw = 204.26 g/mol, Ciba
Specialty ChemicalsA}), Zinc oxide W=%1ZHZnO ; average size = 40
nm, ()27 f|0]E]). Zn0 Y =QI#}2] SEM A2} 9 Qlmataref vist
A7 Figure 10 YERIGITE 2 A2 BE Aok 371 A 7}
% glo] ARkt
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Table 1. Compositions for UV-cured PUA/ZnO Nanocomposite Films
Sample code ZnO (g) Urethane acrylate oligomer (g) MMA (g) Photo-Initiator (g)
PUA/ZnO 0 wt% 0 15.0 15.0 1.5
PUA/ZnO 1 wt% 0.3 14.8 14.9 1.48
PUA/ZnO 3 wt% 0.9 14.5 14.6 1.45
PUA/ZnO 5 wt% 1.5 14.2 14.3 1.42
PUA/ZnO 10 wt% 3 134 13.6 1.35
~450 cm'] W9lelA FA3I9ITh PUA/ZNO WieFEAE H52]
Prepolymer R EZ X (morphology)E 5793171 $13 BrukerAt] X-ray 3|27](D8
HEA l DISCOVER)E AM-319] Wide Angle X-ray Diffraction (WAXD)S
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Figure 2. Scheme for the preparation of UV-cured PUA/ZnO nano-
composite films.
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Table 2. Mean Intermolecular Distance, Oxygen Transmission Rate (OTR) and Antibacterial Test of UV-cured PUA/ZnO Nanocomposite Films

Sample code Mean intermolecular distance* (A) Oxygen transmission rate (OTR, cc/mz/day) Antimicrobial rate (R)
PUA/ZnO 0 wt% 5.14 2005 0
PUA/ZnO 1 wt% 5.08 384 25
PUA/ZnO 3 wt% 4.98 248 357
PUA/ZnO 5 wt% 4.93 291 714
PUA/ZnO 10 wt% 4.90 150 100

* Calculated by Bragg’s Law
N-H -NCO c=0| |c=c Zn-0-Zn g
PUA/ZnO 10wt% §.

PUA/ZnO 5wit%

PUA/ZnO 3wt%

PUA/ZnO 1wt%

PUA/ZnO 0wt%

kil Ik
ARRDN

|
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Wave length(cm™ 1 )
Figure 3. FTIR spectra of UV-cured PUA/ZnO nanocomposite films.
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Figure 4. WAXD pattems of UV-cured PUA/ZnO nanocomposite
films with different contents of ZnO.
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Figure 5. SEM images of UV-cured PUA/ZnO nanocomposite films Top surface : (a) PUA/ZnO 0 wt%, (b) 1 wt%, (c) 3 wt%, (d) 5 wt%, (e)
10 wt% and Fractured surface : (f) PUA/ZnO 0 wt%, (g) 1 wt%, (h) 3 wt%, (i) 5 wt% (j) 10 wt%
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Figure 6. UV Transmittance of (a) PUA/ZnO 0%, (b) 1 wt%, (c) 3 wt%
(d) S wt% and (e) 10 wt%
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Figure 7. DSC thermograms of UV-cured PUA/ZnO nanocomposite
films.
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Figure 8. Oxygen transmission rate (OTR) of UV-cured PUA/ZnO
nanocomposite films measured at 25 T.
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