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Article type: Background and Objectives: In recent years, the development of
Full Length Research Paper  pipdegradable and environmentally friendly materials for packaging
applications has attracted significant attention due to growing
environmental concerns and the limitations associated with synthetic
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phase) have garnered considerable interest owing to their unique
characteristics, including renewability, biodegradability, biocompatibility,

ggé:g::;ébl ¢ packaging, and anFibacterial propertigs: Cellulose nanofibers, due to their high
Bio-nanocomposite, mechanical strength and ability to form network structures, play a crucial
Cellulose nanofibers, role in enhancing the mechanical and barrier properties of packaging films.
Chitosan nanofibers, Conversely, the chitosan matrix contributes antimicrobial and antioxidant
Mechanical properties properties, which are essential for extending the shelf life of food products

and reducing spoilage. Thus, the combination of these two nanomaterials
can yield a bio-nanocomposite with suitable mechanical and physical
performance, demonstrating high potential for food packaging applications.
In this study, an innovative partial dissolution method was employed to
fabricate cellulose nanofiber—chitosan bio-nanocomposites, followed by
comprehensive characterization of the resulting specimens in terms of their
physical, mechanical, and antibacterial properties.

Materials and Methods: Two types of raw materials were used: cellulose
nanofiber gel and chitosan nanofiber gel, both supplied by Nanonovin
Polymer Company. Before bio-nanocomposite fabrication, the exact
concentration of each gel was determined, and various gel combinations
were prepared based on predefined ratios. The gels were mixed with a
specific amount of distilled water and homogenized using a magnetic
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stirrer to obtain a uniform suspension. This homogeneous mixture was then
transferred to a vacuum filtration system for nanopaper fabrication. After
forming the initial nanopaper mat, it was removed from the apparatus and
dried completely in a vacuum oven at 70 °C for 24 h. Subsequently,
these pure and hybrid raw nanopapers were transformed into cellulose
nanofiber—chitosan bio-nanocomposites using a dissolution method. For
this purpose, the specimens were immersed in a 0.5% acetic acid solution
for 4 minutes and then neutralized with a 1% NaOH solution. Following
stabilization of the physical structure through multiple washing steps with
distilled water, the samples were thoroughly dried. Finally, the properties
of the fabricated nanopapers and bio-nanocomposites were evaluated
through several tests, including X-ray diffraction (XRD), field emission
scanning electron microscopy (FESEM), Fourier transform infrared (FTIR)
spectroscopy, static tensile testing, and antibacterial activity assessment.

Results: The integration of cellulose nanofibers and chitosan nanofibers
significantly enhanced the structural and functional properties of the
fabricated nanopapers and bio-nanocomposites. XRD and FTIR analyses
confirmed the successful formation of chemical bonds between the
composite components and the development of a crystalline structure
suitable for the reinforcing and matrix phases. FESEM micrographs
revealed that both cellulose and chitosan nanofibers were within the
nanoscale range (1-100 nm) and that cellulose nanofibers were uniformly
dispersed within the chitosan matrix as the reinforcing phase. The
nanobiocomposite composed of 70% cellulose nanofibers and 30%
chitosan nanofibers exhibited improvements of 25.6% and 94.8% in key
properties compared to pure cellulose nanofiber and pure chitosan
nanofiber nanopapers, respectively. Additionally, antimicrobial testing
(colony count method) demonstrated that the prepared nanobiocomposites
possess effective inhibitory properties against pathogenic bacteria, which
can significantly extend the shelf life of food products.

Conclusion: The innovative partial dissolution method for fabricating
cellulose, chitosan bio-nanocomposites was successfully implemented, and
the resulting materials demonstrated significant potential as sustainable
alternatives to conventional packaging materials. These bio-nanocomposites
represent an eco-friendly solution for the packaging industry, combining
enhanced mechanical performance with functional antibacterial properties.
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Figure 1. Steps for preparing nanopapers: a) weighing gels, b) vacuum filtration device, and ¢) vacuum oven.
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