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Figure 1 Alkaline fuel cell performance using anion conductive membranes, and
Fe—N-Cc catalyst (Fe—N-Cp and Pt/CB are included for reference).
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Strategic International Collaborative Research Program (SICORP)

Japan—China Joint Research Program
Executive Summary of Final Report

1. Project title : Design and development of durable ion conducting membranes
for high performance fuel cells |
2. Research period : April 2019 ~ March 2022

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Kenji Miyatake | Professor | University of Design and
Yamanashi evaluation of ion
conducting
membranes
Co-PI Makoto Uchida | Professor | University of Evaluation of
Yamanashi alkaline fuel cells
Co-PI Junpei Miyake | Associate | University of Synthesis and
professor | Yamanashi analyses of ion
conducting
membranes
Total number of participants throughout the research period: 3
Partner-side
Name Title Affiliation Role in the
research project
Pl Shuanijin Professor | Sun Yat-sen | Properties
Wang University analyses of ion
conducting
membranes
Co-PI Yuwei Zhang | Associate | Changhun Development of
professor | Institute of electrocatalysts
Applied
Chemistry
Collaborator | Min Xiao Professor | Sun Yat-sen | Structural
University analyses of ion
conducting
membranes
Collaborator | Shuan Ren Associate | Sun Yat-sen | Device evaluation
professor | University
Collaborator | Mingbo Ruan | Associate | Changhun Device evaluation
professor | Institute of
Applied
Chemistry
Total number of participants throughout the research period: 5
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4. Summary of the international joint research

A series of terpolymers composed mainly of ionic groups, partially fluorinated
groups, and aromatic groups have been designed for the development of
alkaline stable, and highly hydroxide ion conductive thin membranes. The ion
conductive thin membranes contained hydrophilic cluster which developed to
periodic ionic channels as hydrated. Membrane electrode assemblies were
prepared from the ion conductive thin membranes and non-platinum group metal
electrocatalysts for alkaline fuel cell evaluation. Because of the hydrophobic
nature of the surface carbon having nano-pores, high fuel cell performance was
achieved with minor hysteretic behavior in current/voltage curves, in particular,
at high current density conditions. Combination of the component materials from
both countries was highly effective.

5. Outcomes of the international joint research

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

In this collaborative research project, University of Yamanashi studied design
and device evaluation of ion conductive membranes, Sun Yat-sen University
analyzed structure and properties of the ion conductive membranes, and
Changhun Institute of Applied Chemistry developed non-platinum metal group
electrocatalysts. Highly anion conductive membranes and iron-based
electrocatalysts (Fe-N-Cc) achieved high alkaline fuel cell performance,
comparable to that with platinum catalysts in the cathode (Figure 1). The
results were co-published in J. Power Sources, 522, 230997 (2022). DOI:
10.1016/j.jpowsour.2022.230997
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Figure 1 Alkaline fuel cell performance using anion conductive membranes, and
Fe—N-Cc catalyst (Fe—N-Cp and Pt/CB are included for reference).

5-2 Synergistic effects of the joint research

At the beginning, collaboration research agreement was made between both
parties and a kick-off meeting was held in Sun Yat-sen University. However, due
to the pandemic of covid-19, face-to-face meetings were not possible
afterwards. Instead, on-line meeting was held frequently to share the progress
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of the research. Accordingly, alkaline fuel cell performance improved by 10%.
To summarize the joint project, on-line symposium was successfully held
entitled ‘Design and development of durable ion conducting membranes for high
performance fuel cells’ co-hosted by the three organizations.

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

Through the collaboration with industrial partner, large-scale synthesis of
anion conductive polymers and large membrane processing were conducted.
Commercialization of the membranes is targeted. Furthermore, possibility of the
anion conductive membranes for other device applications, e.g., water
electrolyzers, was also investigated. Two young researcher from this project
obtained associated professor positions in Japan and China and four graduate
students obtained job offers from industry. The collaborative research will
continue to target high-temperature-operable fuel cells.
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