The impact of deposition architecture in enhancing the barrier properties of polylactic acid films
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Creating innovative structures to enhance the barrier and functional properties of bioplastics is one of the most pressing challenges today. Bioplastics have been identified as a promising alternative to petroleum-based materials; however, their inherently low barrier properties remain a significant limitation for applications such as food packaging.

To address this issue, various deposition techniques have been explored, and alternative biopolymers are being investigated to develop solutions suitable for industrial applications. In this study, polylactic acid (PLA) film was used as a substrate model due to its low barrier properties. Two distinct deposition techniques—dip-coating and ultrasonic spray coating—were applied to create a multilayer system incorporating natural compounds, specifically chitosan and cellulose nanocrystals.

The architecture of the deposited compounds during the fabrication process played a crucial role in modifying PLA’s permeability to gases (oxygen and carbon dioxide), water vapor permeability, as well as its thermal and mechanical properties. Interestingly, it was observed that the concentration of each compound (chitosan and cellulose nanocrystals) during the deposition process was not the decisive factor in altering PLA’s barrier properties. Instead, the organization of the compounds during deposition was revealed to have a significant impact on surface morphology and layer properties. The molecular packing mode strongly influenced the permeability behavior of PLA, promoting optimal crystallization conditions that favor the formation of more impermeable structures.

Different techniques, including FTIR, SEM, AFM, contact angle measurements, colorimetry, XRD, DSC, TGA, and mechanical testing, were employed to evaluate the impact of the deposition process on the multilayer system's properties. This work contributes to the development of highly efficient, alternative, and economically viable biobased packaging materials by identifying the impact of molecular organization on the formation of different multilayer systems, which result in varying permeability performances of the material.
