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Fabrication of Porous and Defective Carbon Structures by Carbonization of Biofiber Paper for
Sensing and Energy—Storage Applications
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There has been remarkable progress in the fabrication and design of porous and defective carbon structures
for advanced electronic applications. The porous and defective carbon structures have large surface area,
high electrical conductivity, rapid transport of reactants, and produce more active sites for electrochemical
reactions. Thus, the porous and defective carbon structures have shown great promise in various electronic
applications, including sensing and energy storage. Carbonization of organic precursors is recognized as a
common and efficient way to fabricate porous and defective carbon. The various precursors for carbonization
mainly include petroleum-based and biomass—based precursors, with petroleum—based precursors making up the
majority. From the viewpoint of sustainable development, there has been an increased demand to replace these
non—renewable petroleum—based precursors with abundant and renewable biomass—derived precursors. While
renewable biomass—derived carbons focus mostly on activated carbons, where the preparation of these activated
carbons lacks the necessary control over material properties, including porosity, morphology, and molecular
structure. Therefore, it is of great importance to modulate the morphology of biomass materials and their
carbonization conditions for the fabrication of porous and defective carbon structures.

In this dissertation, porous and defective carbon structures were successfully fabricated by carbonization
of biofiber papers. These biofiber paper—-derived carbons showed promising performances in sensing and
energy—storage applications

In Chapter 1, 3D porous chitin nanofiber paper was fabricated and then pyrolyzed to form porous and defective
N-doped carbon structures with tunable electrical resistivity. The pyrolyzed chitin nanofiber paper showed
good performance as a photosensor and energy-storage supercapacitor electrode, due to the tailored 3D porous
and defective carbon structures.

In Chapter 2, to improve the yield and volume retention of biofiber paper—derived porous and defective
carbon structures, small amount of polydopamine doping prior to pyrolysis of cellulose nanofiber paper was
adopted, because polydopamine doping can improve the thermal stability of the cellulose nanofiber paper. The
pyrolyzed polydopamine—doped cellulose nanofiber paper also had enhanced specific surface area and electrical
conductivity, thereby affording a good specific capacitance as a supercapacitor electrode. However, the
pyrolysis strategy made the resulting biofiber papers brittle, and it cannot achieve partial carbonization
of biofiber papers, therefore restricting their applications in wearable electronics

In Chapter 3, CO, laser—induced carbonization was employed for patterning of porous and defective carbon
structures on 2,2,6,6-tetramethylpiperidine—1-oxyl radical (TEMPO)-oxidized cellulose fiber paper. Such
carbon structures as conductive and moisture-stable electrodes, combined with humidity-sensing TEMPO-oxidized
cellulose fiber paper, can afford a wearable all-cellulose—derived humidity sensor. The all-cellulose—derived
humidity sensor demonstrated high sensitivity and linearity over a wide range of relative humidity, thereby
providing broad applicability.

This dissertation can pave the way for modulating porous and defective carbon structures by carbonization

of biomass materials for future sustainable electronics
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