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3. Polyethylene terephthalate
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1 . Biodegradable
2 . Carboxymethyl cellulose
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4. Aspergillus
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6. Sonicate

7. Water vapor permeability
8. Desiccant Method
9.Tensile strength(TS)

10. Elongation at Break (EB)
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Fig 2 Effects of different levels of ZnO NPs on the
WVP of PET-CMC nanobiocomposite bilayer
films. Different letters represent significant
difference at 5% level of probability.

S epdkisE S s s wlal L
0.22 gmm/dm2KP 0.32
dals Wges o3 O s 58 Il zals gmm/dm2KP

th.a 4@)5

S9d>- 4 >S9l
O opl 5 s b wes le 31V (Gl ae g
sle oLd Cusby SaS Cwiles yols ssg 6 ok
Saddsh Al ol ong )3 SU 05 S GLAI L A5
Ghls Bl as sl ol ls Sl eslinal s w4 Llg e
Srch b @ e 65 al sl el
Col Ly o b3 S0 YL Ogpmpewd pomen Liies
JYs 3 el I ass osSU ) i lals
IS5 J51s ey sl (O Sl 4 g p A3 s ialS
S 5B b 5l ask e ey s 53 23 S
le ohd Ldssds sl 058 L obakisy slml Gl

bl Gl Sge S - oS 5pd o Sol oy 05550

Yé¢o

0.3 -
a
0.25 - X A
c B
£ 024 b b
=
& 0.15
£
£ 01 -
0.05 A
O - T T T T
¢ ¢l ¢l w7
/\\&\ /\\@\ /\\<“® /\\& /\@é x@?}
K &K & N

Bilayer film

Fig 1 Thickness of the plasma-treated PET-CMC-ZnO/

plasma-treated PET-CMC/untreated PET-CMC
nanobiocomposite bilayer films. Different letters
represent significant difference at 5% level of
probability.
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Fig 4 Eftects of different levels of ZnO NPs on
elongation at break of the PET-CMC bilayer films.
Different letters represent significant difference at

5% level of probability.
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Fig 3 Effects of different levels of ZnO NPs on the
moisture content of the PET-CMC bilayer films.
Different letters represent significant difference at
5% level of probability.
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Fig 5 Eftects of different levels of ZnO NPs on
tensile strength of the PET-CMC bilayer films.
Different letters represent significant difference at
5% level of probability.
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In this study, PET-CMC bilayer nanocomposites films containing different levels
of zinc oxide nanoparticles (ZnO NPs; 0%, 1%, 2%, 3%, 4%) were prepared and
characterized. For better attachment of CMC on Polyethylene terephthalate (PET),
atmospheric plasma pretreatment was used. The water vapor permeability, moisture,
mechanical and microbial properties of the films were analyzed. Also, in order to
investigate the effect of plasma treatment on improving the properties of bilayer
films, a comparison was made between plasma treated and untreated bilayer films
using FTIR test. Results showed the formation of polar groups such as C=0 and OH
on the PET surface following the plasma treatment which improved the adhesion of
the two layers of polymer to each other. The water vapor permeability of PET-CMC
films containing ZnO NPs decreased compared to the pure film with increasing the
ZnO NPs percentage. Increasing the nanoparticles percentage had a positive impact
on the tensile strength and increased this factor from 123.77 to 466.80 MPa, while the
elongation at break decreased from 48.38% to 10.59%, and the nanocomposite films
were revealed more resistant compared to the pure PET-CMC film, which facilitates
the transport and storing of the foodstuffs. In addition, the presence of ZnO NPs in
PET-CMC films exhibited antimicrobial activity against Escherichia coli and
Staphylococcus aureus. In general, this research verifies improvement in physical,
mechanical, and microbial characteristics of PET-CMC nanocomposite films along
with the increasing of ZnO NPs. Our findings suggest that plasma-treated PET/CMC
films have the potential for application in food antimicrobial packaging and can
extend the shelf-life of packaged food as active packaging.
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