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Abstract of Thesis

This doctoral thesis summarized the research results on preparation methods of cellulose fibers-based fiber
network structures and their applications for functionalizing cellulose papers. This thesis was consisted of an
introduction, a body with 3 chapters, and a conclusion. The contents were summarized as follows.

In the introduction, the background and target of this thesis were described. The distinguished existence of
fiber network structures was mentioned. Paper, the most traditional and widely used fiber network structures,
showed continuous developments. The raw materials for paper, cellulose fibers, varied from microscale to
nanoscale in width, which resulted in unique characteristics and thus broadened the applications for papers.
The characteristics, advantages, and challenges of designing fiber network structures and functionalization for
papers were outlined in this introduction part.

In Chapter 1, a cellulose paper with dual-layered nano-microscale fiber network structures consisting of
gold nanoparticles (AuNP)-anchored cellulose nanofibers and AuNP-free cellulose microfibers (pulp) was
prepared for photothermal heating and solar vapor generation. The light absorption of the anchored-AuNPs, a
typical photothermal material, was enhanced by the efficient light transport within the dual-layered structures.
In the AuNP-anchored cellulose nanofibers layer (the top layer), the AuNPs were well dispersed on the surface
of cellulose nanofibers. While in the pulp fiber layer (the bottom layer), the light transmitted from the top layer
was reflected by the pulp-derived microstructures and retransferred back to the anchored-AuNPs, which
improved their light absorptivity. Thus, the paper with dual-layered structures demonstrates superior
performance in photothermal heating and solar vapor generation compared to those of the state-of-the-art
AuNP-anchored porous materials under the same AuNP content and light irradiation. This strategy enables the
efficient use of precious plasmonic nanoparticles for further development of solar vapor generation.

In Chapter 2, a cellulose nanopaper with nanoscale porous fiber network structures is developed. The
customized porous nanopaper enables water-assisted deformation for skin-conformability, thereby realizing
outstanding skin-adhesion force, along with high skin-breathability and compatibility, superior to those of
conventional substrates reported for on-skin electronics. By mounting gold electrodes on the porous nanopaper
and adhering them to human skin, the real-time monitoring of biosignals for diagnosing the human physiological
state is successfully achieved. Furthermore, the gold-electrode-mounted porous nanopaper affords unique
characteristics, including durability against skin deformation, reusability, and even sterilizability, owing to its
high mechanical endurance, and thermal stabilities. Thus, the as-prepared porous nanopaper serves as a
fascinating platform for human- and environment-harmonious on-skin electronics.

In Chapter 3, a clearly transparent and air-permeable nanopaper with elaborate nanoscale porous fiber
network structures was prepared from TEMPO-oxidized cellulose nanofibers. A solvent exchange process, in
which high-surface-tension water was exchanged to low-surface-tension ethanol and hexane, was applied to
prepare the nanopaper to suppress the aggregation of cellulose nanofibers during drying. The resulting hexane-
exchanged nanopaper had a porous structure with individually dispersed and thin nanofiber networks and
interlayer pore spaces. Due to the tailored porous structures, the hexane-exchanged nanopaper provides similar
clear transparency and 10° times higher air permeability than the nanopaper prepared without solvent
exchange treatment. This study will facilitate the development of clearly transparent and air-permeable
nanopapers to extend their functional applications.

In the conclusion, the above-mentioned research results were summarized. In this thesis, three distinct
types of cellulose papers with diverse fiber network architectures were meticulously prepared to attain specific

functionalities, paving the way for the functionalization of cellulose paper in advanced applications.
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