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Strategic International Collaborative Research Program (SICORP)
EIG CONCERT-Japan Joint Research Program
Executive Summary of Final Report

1. Project title : Novel carbon-free cathode materials for metal-air rechargeable batteries |
2. Research period : 04/2018 ~ 03/2022
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl TADANAGA Professor | Hokkaido Research
Kiyoharu University Management
Collaborator | MIURA Akira Associate | Hokkaido Preparation of
Professor | University Catalysts
Collaborator | Nataly Carolina Assistant | Hokkaido Electrochemical
ROSERO-NAVARRO | Professor | University Characterization

Total number of participants throughout the research period: 12

Partner-side

Name Title Affiliation Role in the
research
project
Pl Mario APARICIO | Senior Glass and Ceramic | Principal
Researcher | Institute, CSIC Investigator

Preparation of
Catalyst and
Zn-Air battery

Co-PI Tugrul Associate Sakarya University Preparation of
CETINKAYA Professor Catalyst and
Li-O2 battery
Co-PI Alejandro A. Professor | Université de Design of Li-O>
FRANCO Picardie Jules battery
Verne

Total number of participants throughout the research period: 15

4. Summary of the international joint research

Metal-air secondary batteries, such as the lithium-air battery, are expected to be the next
generation of high energy density storage devices. However, the carbon material used in the
air electrode catalyst layer is one reason for degradation during charge and discharge. Thus,
the purpose of this study was to develop a carbon-free air electrode catalyst layer for the
development of a metal-air secondary battery with excellent cycle performance.

As battery systems, we worked on a zinc-air secondary battery using an aqueous electrolyte
and a lithium-air (oxygen) secondary battery using a non-aqueous electrolyte. The
possibility of using non-carbon materials for the electrocatalyst, catalyst support
(conductivity additive), and gas diffusion layer was investigated.

For electrocatalysts, new oxygen reduction catalyst systems were developed by the Spanish,
Turkish, and Japanese teams. Carbon-free zinc-air secondary batteries were constructed
using these catalysts, porous TiN or ZrN as a conductive additive (or catalyst support), and
nickel foam as the gas diffusion layer, and it was found that these batteries exhibit
charge-discharge behavior. Based on technical guidance and advice from the Turkish and
French teams, a carbon-free lithium-oxygen rechargeable battery was constructed with the
similar configuration as the carbon-free zinc-air battery, and its charge-discharge capability
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was demonstrated.

The approaches to porous and low-temperature synthesis of various catalytic materials and
conductive additives that were worked on through this international joint research are
expected to be applied not only to the synthesis of electrode materials for metal-air batteries,
but also to a variety of other functional materials.

The international joint research collaboration prompted the research teams to continue their
research exchanges, and further advances can be expected.

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

The Spanish, Turkish, and Japanese teams each developed new oxygen reduction
catalyst systems. A carbon-free zinc-air battery using these catalysts, porous TiN or ZrN as
a conductive additive, and nickel foam as a gas diffusion layer was constructed, and this
battery was shown to exhibit charge-discharge behavior. Based on technical guidance and
advice from the Turkish and French teams, the Japanese team constructed a carbon-free
lithium-oxygen rechargeable battery with the same configuration as the zinc-air battery, and
demonstrated that the battery can be charged and discharged.

5-2 Synergistic effects of the joint research

In this joint research, the Japanese and Spanish teams, having studied only
electrocatalysts using aqueous electrolytes, and the French and Turkish groups, having
studied only lithium-oxygen rechargeable batteries using non-aqueous electrolytes, worked
together with the single goal of developing carbon-free metal-air rechargeable batteries.
This collaboration it self is highly recognized as the synergistic effect of this international
collaboration. The Japanese team was now able to study lithium-oxygen batteries as a
result of this joint research.

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

Because this international joint research is basic research on the electrode part of the
metal-air batteries, which are expected to be the next-generation batteries, many problems
exist before they are put into practical use. Therefore, it is difficult to have a rapid ripple
effect on society. However, the results of low-temperature synthesis and porous metal
nitrides and metal oxides, which were achieved through this international joint research, are
expected to be applied not only to the synthesis of electrocatalysts for metal-air batteries,
but also to various other electrochemical devices and functional materials.
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