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Abstract: In this study, a natural additive was prepared from the walnut shells and it is blend with polylactic acid (PLA)
to fabricate a composite film to improve mechanical properties and creating self-cleaning surfaces with hydrophobic silica
nanoparticles. The surface of the PLA films was modified to be superhydrophobic by applying embedded method with
polydimethylsiloxane-coated silica nanoparticles (i.e., ca. 14 nm). Compared to bare PLA films, the treated PLA films
demonstrated over 90% reduction in bacteria attachment on the surfaces. Furthermore, the film obtained through the
embedded method had superior coating durability compared to the film obtained through dip-coating method. Overall,
our superhydrophobically-modified PLA films is expected to be used as food packaging materials, food storage materials,
and food contact materials in food industry because it complements the weak mechanical properties of bare PLA films
and has durable anti-biofouling and self-cleaning properties.
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Figure 1. (a) Schematic illustration shows the processed walnut
shells is presented. Surface modification of the walnut shell powder
(WSP) additive is carried out by using NaOH solution and APTES
coupling agent; (b) composite film of PLA with superhydrophobic
properties has been produced using hydrophobic silica nanoparticles
(HSNP).
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Figure 2. (a) Spectra obtained using FTIR are shown, including
PLA/WSP/HSNP, HSNP, PLA/WSP film, NaOH and APTES treated
WSP, and bare WSP; (b) water contact angles for the bare PLA film
and superhydrophobic PLA/WSP 15 wt%/HSNP composite film.
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Figure 3. (a) Stress-strain diagram of PLA composite films with dif-
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PLA, and PLA/HSNP samples; (b) SEM micrograph shows the sur-
face morphology of the bare PLA and PLA composite films.
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Figure 4. Mechanical durability test of bare PLA, dip-coated PLA,
and embedded PLA films. Static water contact angle micrographs of
before and after abrasion.
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taken of the bacterial colonies that grew on agar plates using both
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Figure 6. Photographs show the self-cleaning abilities of both bare
and embedded films when exposed to liquids of different viscosities,
such as colored distilled water, coffee, soy milk, and ketchup on their
surfaces.
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