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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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Study of the interaction between vacancy
defects in a carbon network and molecular
oxygen

Hydrogen energy is a candidate for a new alternative energy system
because hydrogen molecules can be generated from various resources,
stored, and transported. Although hydrogen-energy-harnessing polymer
electrolyte fuel cells (PEFCs) have been expected, they are not yet widely
used. Platinum, which is used as an oxygen reduction reaction (ORR)
catalyst, is an expensive and nonabundant 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 have investigated the interaction
between vacancy defects in a carbon network and molecular oxygen
using spin resonance spectroscopy and conductivity measurements to
clarify the mechanism for ORR catalytic activity in defect-introduced
carbon nanomaterials.
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Fig. 1 Our research topics.
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Fig. 2 Photograph of carbonized sewage sludge.

Lab members (2023).

New crews. Ruka Takahashi (left) and

Spicy curry party.

Ayumu Tokumitsu (right).
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Carbonization of sewage sludge for
catalytic electrode material

Sewage sludge is recovered by precipitation and separation of
microorganisms used in the activated sludge process. Most of dried
sewage sludge is used as construction material, and a small amount of
dried sewage sludge is utilized as biofuel. Carbon is the most abundant
composition in dried sewage sludge, which contains nitrogen, oxygen,
phosphorus, sulfur, silicon, calcium, and iron, and sewage sludge
carbonized by thermal treatment is expected to be carbon-based
electrochemical catalysts. In this study, we carbonized sewage sludge
for the electrocatalysts of hydrogen evolution reaction (HER)/hydrogen
oxidation reaction (HOR) and oxygen evolution reaction (OER)/ORR
and investigated their catalytic activities (Fig. 2).

Academic conference

* Ryutaro Nakata, The 65th Fullerenes-Nanotubes-Graphene General
Symposium, Fukuoka (Poster)

* Kyosuke Miyamoto, Ryutaro Nakata, and Hiromu Morita, The 15th
Mining Materials Processing Institute of Japan-Tohoku Branch, Young
Researchers Association, Osaki (Poster)

* Hiromu Morita, The 50th Annual Meeting of the Carbon Society of
Japan, Sendai (Poster)

*Yoshinori Sato, 12th International Conference on Colloids Conference,
Mallorca, Spain (Poster)

*Yoshinori Sato, 12th International Conference on Advanced Materials
and Engineering Materials (ICAMEMZ2023), Bangkok, Thailand
(Invited Talk)

Grants
*JSPS KAKENHI 23H02055 (Scientific Research (B)/PI)
* Collaboration grant (STELLA CHEMIFA Corporation/PI)

Collaborations
* STELLA CHEMIFA Corporation (Research Division)

Fig. 3 Undergraduate graduation photograph
(Kyosuke Miyamoto)

Fig. 4 Snapshot at Open Campus 2023
(Ryutaro Nakata).

Fig. 5 Snapshot at The 50th Annual Meeting of
the Carbon Society of Japan (Hiromu Morita)
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