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Abstract of Thesis

Nanocellulose, derived from abundant natural resources, has attracted significant attention as a
sustainable nanomaterial due to its excellent properties, including mechanical strength, transparency
thermal resistance, high surface area, and biodegradability. In recent years, various applications of
nanocellulose materials, such as cellulose nanofibers (CNFs), have been reported, including films, filters,
hydrogels, aerogels, electronic substrates, and composites. As a sustainable functional nanomaterial,
nanocellulose is expected to replace petroleum—derived materials. Among its forms, TEMPO (2,2,6,6—
tetramethylpiperidine—1-oxyl radical)-oxidized cellulose nanofibers (TOCNs) exhibit high anionic surface
charges and complete water dispersibility, making them promising for electronic applications. However, the
efficient fabrication of nanocellulose films and their integration into electronic devices remain
challenging due to the need for effective dehydration and fabrication methods while maintaining desirable

film properties, such as transparency

This thesis explores innovative approaches to overcoming these challenges, focusing on developing
efficient fabrication processes for nanocellulose films and their potential electronic applications. The
research is divided into three key chapters, each addressing a critical aspect of nanocellulose film
production and utilization. In Chapter 1, electrodeposition is evaluated as a potential dehydration method.
TOCNs dispersed in water are negatively charged. When a DC voltage is applied, the TOCNs are deposited on
the anode through electrodeposition. This method proved more efficient than evaporation and showed potential
for structural control of the concentrated hydrogels. In Chapter 2, the drying behavior of nanocellulose
films is thoroughly discussed. When the dispersion was dried using an environmental chamber, drying time
and haze were found to be more sensitive to relative humidity (RH) than temperature. The proposed humidity-
controlled multi-stage drying process demonstrates the possibility of reducing drying time while
maintaining the good optical properties of the resulting nanocellulose films. In Chapter 3, based on the
understanding of nanocellulose dehydration and film fabrication processes, the application of nanocellulose
films as electronic seals is investigated. Ion—exchanged TOCNs were coated on copper electrodes to prevent

water—induced short-circuit failure

Overall, this thesis presents innovative methods for fabricating nanocellulose films and explores
their potential applications in electronics, paving the way for the use of sustainable nanomaterials in

advanced technologies
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