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Development of High-Functional Non-Metal Light Element Materials Associate Professor
for a Next-Generation Sustainable Life Style Yoshinori Sato
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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 functional
carbon nanomaterials and molecular oxygen

Electrical properties of surface-oxidized
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N ) have attracted attention as electrodes and electrocatalysts. However, the
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e, BEFIEZHEEIDEEISND, AARATIE. & inhibits electron transport. In this study, we investigate the electrical

Ti»AIN MAXenes, exhibiting good conductivity and alkali resistance,
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Fig. 1 Our research topics. Fig. 2 Electrical properties of TixAIN MAXenes.
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Lab members (2024).

Open Campus 2024.

Get-together with high school students.
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- Yoshinori Sato, 10th International Symposium on Carbon

for Catalysis (CARBOCAT10), Florence, Italy ((R 257 —%3K)
+ Yoshinori Sato, Curtin-Tohoku Joint Research Colloquium,

Perth, Australia (B#&#8)
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conductivity and oxygen reduction reaction (ORR) catalytic activity of
surface-oxidized Ti,AIN powder in alkaline aqueous solutions. X-ray
diffraction and X-ray photoelectron spectroscopy data demonstrated
surface-oxidized crystalline Ti,AIN powder, with an oxygen
concentration of 57.2 at%. At the maximum apparent density of 3.42 g
cm?, the surface-oxidized Ti>AIN powder exhibited a conductivity of
1.16 x 10° S m™!, which is one order of magnitude lower than that of solid
Ti>AIN blocks. The ORR catalytic activity of the surface-oxidized
Ti,AIN powder in an alkaline aqueous solution exhibited a two-electron
reaction. According to the results obtained in this study, the surface
oxidation of TiAIN negatively impacts their ORR catalytic activity.
This study raises the possibility that electron transport at the surfaces of
Ti,AIN is suppressed due to surface oxidation (Fig. 2).

Academic conference

* Tomoki Ikeda and Kosei Morita, The Mining Materials Processing
Institute of Japan-Tohoku Branch, Spring Meeting, Sendai (Poster)

* Tomoki Ikeda and Kosei Morita, The 17th Mining Materials Processing
Institute of Japan-Tohoku Branch, Young Researchers Association,
Hachimantai (Poster)

* Kyosuke Miyamoto, The 51th Annual Meeting of the Carbon Society
of Japan, Fukuoka (Poster)

* Yoshinori Sato, 10th International Symposium on Carbon for Catalysis
(CARBOCAT10), Florence, Italy (Poster)

* Yoshinori Sato, Curtin-Tohoku Joint Research Colloquium, Perth,
Australia (Invited Talk)

Awards

* Kosei Morita, The 17th Mining Materials Processing Institute of Japan-
Tohoku Branch, Young Researchers Association, Best Poster Presentation
Award

Grants

*JSPS KAKENHI 23K 26748 (Scientific Research (B)/PI)
* Collaboration grant (STELLA CHEMIFA Corporation/PI)

Fig. 3 Snapshot at The 51st Annual Meeting of the
Carbon Society of Japan (Kyosuke Miyamoto)

Fig. 4 Snapshot at 2024 MMIJ-TB Spring
Meeting (Tomoki Ikeda).

Fig. 5 Best Poster Presentation Award at MMIJ-TB
Young Researchers Association (Kosei Morita)
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