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Abstract of Thesis

Carbon aerogels have received increasing attention due to their light weight, large specific surface area,
high thermal stability, and unique electric properties. Graphene-, carbon nanotube-, and carbon nanofiber-based
carbon aerogels have been fabricated, and their microstructure and defective carbon structure designs have
become leading strategies to develop high-performance carbon aerogels. The design of anisotropic
microstructures can endow the carbon aerogels with elastic and tunable electric properties in the direction
perpendicular to the designed microstructures. The design of defective carbon structures, such as N doping by
post-chemical treatment with amines, can tailor the dielectric properties of the carbon aerogels and generate
active sites within them. Thus, the design of microstructures and defective carbon structures has shown great
promise to fabricate carbon aerogels with tunable elastic, electric, and dielectric properties.

From the viewpoint of sustainable development, carbonization of biomass materials can be a desirable way
to fabricate carbon aerogels. However, the design of microstructures and defective carbon structures in the
biomass-derived carbon aerogels remains a challenge for further functionalization. For the microstructure
design of carbonized bio-nanofiber materials, bio-nanofibers should have high morphological stability against
high-temperature carbonization. Chitin nanofibers reportedly have higher morphological stability and
intrinsically contain N atoms derived from their N-acetyl groups, providing the opportunity for designing
anisotropic microstructures and defective carbon structures by carbonization. Thus, chitin nanofibers would be
expected as a promising building block to fabricate carbon aerogels with tailorable microstructures and defective
carbon structures, thus realizing tunable elastic, electric, and dielectric properties.

In this dissertation, a crab-shell-derived chitin nanofiber/water dispersion was fabricated into carbon
aerogels with anisotropic honeycomb-like microstructures (denoted as carbon honeycomb) by unidirectional
freeze drying and subsequent carbonization. The anisotropic microstructures and defective carbon structures of
the carbon honeycomb were tailored by controlling the chitin nanofiber concentration and the carbonization
temperature to provide elastic, electric, and dielectric properties for microwave absorption and pressure sensing.

In Chapter 1, a chitin nanofiber-derived carbon honeycomb was prepared at different temperatures to tailor
its dielectric properties (i.e., impedance matching, conductive loss, and polarization loss) for microwave
absorption. The carbon honeycomb carbonized at 800 °C achieved strong microwave absorption, owing to its
good impedance matching, moderate conductive loss, and high polarization loss.

In Chapter 2, the elastic properties of the carbon honeycomb carbonized at 800 °C were elaborated for smart
microwave absorption. The elastic carbon honeycomb afforded absorption-frequency tuning and
absorption/transmission switching upon its controlled compression.

In Chapter 3, the elastic properties, such as compressibility and fatigue resistance, of the carbon honeycomb
were further enhanced by optimizing the chitin nanofiber concentration and the carbonization temperature. The
carbon honeycomb fabricated at 1.0 wt.% and 900 °C provided excellent elastic properties, which allow effective
sensing over an ultrawide pressure range.

This dissertation can pave the way for the multifunctional design of chitin nanofiber-derived carbon

honeycombs for diverse electronic and dielectric applications.
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