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Strategic International Collaborative Research Program (SICORP)
Japan—China Joint Research Program
Executive Summary of Final Report

1. Projecttitle : I New fuel cell composite catalysts based on bimetallic nanoclusters
enhanced by metal oxides
2. Research period : Aug. 2016 ~ Mar. 2019
3. Main participants :

]

Japan-side
Name Title Affiliation Role in the
research
project
Pl Akimitsu Specially | Yokohama National Synthesis of
Ishihara Appointed | University, Institute of support and
Professor | Advanced Sciences management
Co-PI Shigenori Professor | Yokohama National Electrochemical
Mitsushima University evaluation
Co-PI Satoshi MANA International Center for Advanced
Tominaka | Scientist | Materials structural
Nanoarchitectonics (MANA), | Analysis
National Institute for
Materials Science
Collaborator | Yoshiyuki | Associate | Yokohama National Synthesis of
Kuroda Professor | University, Graduate School | support
of Engineering Science
Collaborator | Yongbing D1 Yokohama National Synthesis of
Ma University, Graduate School | support and
of Engineering Science electrochemical
evaluation
Collaborator | Hikaru - Yokohama National Synthesis of
Igarashi University, Graduate School | support
of Engineering Science
Total number of participants throughout the research period: 9
China-side
Name Title Affiliation Role in the
research
project
Pl Yuan Professor Peking University, Overall design
Wang College of Chemistry and | and
Molecular Engineering management
Co-PI Yan Liu Associate Peking University, Design and
Professor College of Chemistry and | management
Molecular Engineering
Collaborator | Lifang Ph.D. Peking University, Synthesis and
Chen Postgraduates | College of Chemistry and | characterization
Molecular Engineering of bimetallic
nanoclusters
Collaborator | Tao Ph.D. Peking University, Synthesis and
Cheng Postgraduates | College of Chemistry and | characterization
Molecular Engineering of bimetallic
nanoclusters
Collaborator | Meng Ph.D. Peking University, Assembly
Guo Postgraduates | College of Chemistry and | technology of
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Molecular Engineering composite
electrocatalysts
Collaborator | Xinshu Ph.D. Peking University, Preparation
Zhao Postgraduates | College of Chemistry and | and
Molecular Engineering characterization
of composite
electrocatalysts

Total number of participants throughout the research period: 8

4. Summary of the international joint research

The widespread commercialization of polymer electrolyte fuel cells (PEFCSs) is required to
develop a hydrogen energy-based society using hydrogen as energy carrier produced from
renewable energy. Several technological problems such as large overpotential in oxygen
reduction reaction (ORR) continue to hinder their widespread commercialization. Platinum
and platinum alloys supported on high surface area carbon are generally used as cathode
catalysts in the present PEFCs, especially for fuel cell vehicles (FCVs). However, both the
ORR activity and the stability are insufficient. Therefore, the development of new ORR
catalysts that have superior ORR activity and superior durability is necessary for practical
FCV applications. In this international joint research, we focused on the synergistic effect,
i.e., the strong interaction between bimetallic nanoclusters and oxide-based supports to
develop the innovative ORR catalysts. The Japanese team developed a
morphology-controlled highly stable and conductive titanium oxide-based supports. The
Chinese team developed structure-controllable bimetallic nanoclusters to prevent the
dissolution/leaching of light transition metals. PKU-YNU research team collaborated to
prepare new fuel cell composite catalysts based on bimetallic nanoclusters enhanced by
titanium oxide-based supports.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

The Japanese team developed morphology-controlled titanium oxide-based supports.
High conductivity, high surface area, and high durability are required for the supports of the
electrocatalysts. Thus, we focused on low-valence titanium oxides that have high
conductivity and high stability under PEFC condition and investigated the new synthetic
route. In order to reduce the contact resistance, we attempted the synthesis of low-valence
titanium oxides with morphology of nanorods, nanotube, bur-like structure, and
macro-porous structure, and successfully established. We attempted to prepare the
composites that the platinum-based bimetallic nanoclusters supported on titanium
oxide-based supports developed by YNU team. The high ORR activity was obtained when
the loading of the bimetallic nanocluster was low. In addition, we found that there existed the
strong interaction between bimetallic nanoclusters and titanium oxide-based supports via
the control of the interface. This interaction can utilize to prepare the drastic increase in the
ORR activity and stability.

5-2 Synergistic effects of the joint research

The purpose of this joint research is to realize the superior ORR electrocatalysts based
on the strong interaction between bimetallic nanoclusters developed by PKU and
oxide-based supports developed by YNU. That means the developed composites is the
results of this joint research. In addition, the discovery of the strong interaction via the
control of the interface is the synergistic effects of the joint research.

5-3 Scientific, industrial or societal impacts/effects of the outputs

The results lead to the catalyst design for PEFCs widely commercialized at 2035 (the
amount of Pt; less than 0.03 g/kW, operation temperature; 120 °C, Maximum load voltage;
0.85 V). The developed catalysts promote explosively the widespread commercialization of
FCVs.
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NENCS Poster Award (Student) (International Symposium on Novel Energy
Nanomaterials, Catalysts and Surfaces for Future Earth), H. Igarashi, A. Ishihara, T.
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