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Development of High-Functional Non-Metal Light Element Materials
for a Next-Generation Sustainable Life Style
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Our laboratory is in the research area of advanced nanomaterials for clean energy (alternative energy and hydrogen energy). To fabricate, assemble,
and composite organic/inorganic materials with high-performance functions created from combinations of each material’s properties is one of the most
fascinating and necessary areas of research. In this laboratory, we design, synthesize, and characterize the assembly, composites, and organic/inorganic
materials based on surface/interface design to apply nanomaterials’ properties to bulky materials (Fig. 1). In particular, we have challenged ourselves
to create and develop highly functional nonmetal light element materials (carbon-based materials including boron, nitrogen, oxygen, fluorine, sulfur,
and phosphorus) with high-performance surfaces and interfaces. Such materials are necessary for the field of next-generation clean energy, which in

turn is needed to meet sustainable development goals (SDGs).
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Fig.1 Our research topics.

Surface modification of carbon fiber
surface to improve the interfacial bond
strength between thermoplastic resin and
carbon fiber

Carbon fiber reinforced thermosetting resin is used in airframes, but it
has poor recyclability because curing is an irreversible reaction in
thermosetting resins. In the future, carbon fiber reinforced thermoplastics
(CFRTP) with thermoplastic resin should be developed. The challenges in
the development of CFRTP are to improve the interfacial bonding strength
between carbon fiber and thermoplastic resin. In this study, we investigate
the surface modification of carbon fiber surface to improve the interfacial
bond strength between thermoplastic resin and carbon fiber.

Development of defect-induced carbon
nanomaterial catalysts for oxygen
reduction reaction

Hydrogen energy is a candidate for a new alternative energy system
because hydrogen molecules can be generated from various resources,
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Fig.2 ORR catalytic activity of the defect-induced SWCNTs
in alkaline aqueous solution.

Lab members (2022).

New crews. Tomoki lkeda (left) and

Spicy curry party.

Kosei Morita (right).
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Fig.4 Energy and Environment

Fig.3 Illustration of defect-induced
SWCNTs (Front cover in Journal of
Colloid and Interface Science).

Fig.5 Snapshot at the 45th Fluorine
Conference of Japan (Hiromu Morita).

Scholarship Award (Hiromu Morita).

stored, and transported. Although hydrogen-energy-harnessing polymer
electrolyte fuel cells (PEFCs) have been expected, they have not yet been
widely used. Platinum, which is used as an oxygen reduction reaction
(ORR) catalyst, is an expensive and non-abundant resource, and it has
poor durability for ORR activity. Therefore, metal-free carbon
nanomaterials have been developed as alternative platinum catalysts. In
particular, defect-induced carbon nanomaterials have been reported to
exhibit especially high ORR catalytic activity. However, the ORR
mechanism has not been clarified. In this study, we try to introduce
selectively defects into carbon nanomaterials via a fluorination—
defluorination process to clarify the mechanism of ORR catalytic
activity for defect-induced carbon nanomaterials..

Synthesis of Two-Dimensional
Titanium Nitride

PEFCs are operated by the hydrogen oxidation reaction (HOR) at an
anode and the ORR at a cathode. Acid- and alkaline-resistant
electrocatalysts are required because acidic and alkaline aqueous
solutions are used as electrolytes. Two-dimensional materials, MXenes,
which have excellent acid and alkaline resistance, are layered compounds
composed of transition metals (Ti, V, Nb, and Mo) and non-metal light
elements (C and N). In this study, we synthesize two-dimensional
titanium nitride with high conductivity to achieve high-performance
HOR and ORR catalysts.

Awards / Academic conference
* Hiromu Morita, Energy and Environment Scholarship Award

* Hiromu Morita, The 45th Fluorine Conference of Japan, Kyoto (Poster)

Grants
* Collaboration grant (STELLA CHEMIFA Corporation/PI)

Collaborations
* STELLA CHEMIFA Corporation (Research Division)

Fig.6 Graduation photo (March 2021). From left, Yota Sakamoto (M2),
Hiromu Morita (B4), and Ryutaro Nakata (B4).
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