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oReport summary (English)

Principal investigator: Gunma University professor Jun-ichi Ozaki
R & D title: Development of high-power density stationary fuel cell using carbon alloy
catalysts

1. Purpose of R & D

Establishment of a next-generation community system, i.e. a self-sustainable community
that is supported by renewable energies is an option to realize a low-CO» emission society. A
stationary fuel cell system is a central equipment in the system, which should have a high-power
density of 300-400 mW/cm? and a long lifetime of several ten-thousands hours. Of course, the cost
of the fuel cell should also be low; however, the requirement of a large amount of platinum catalyst
prevents the cost-reduction. Our research group have conducted a study on the carbon alloy
catalysts, a type of non-precious metal cathode catalysts based on carbon materials, for the fuel
system, and presented their satisfactory initial performance for the stationary system in the previous
subdivision of the ALCA project. In the Practical Technology project, the advanced stage of the
ALCA project, we aimed at establishing design guidelines of the carbon alloy cathode catalysts with
long lifetimes to satisfy the requirements in the targeted stationary fuel cell system and the
developing the technologies to manufacture the carbon alloy catalysts to realize the proposed
guidelines.

2. Outline of R & D
(1) Contents:

We carried out thorough characterization of the high-performance carbon alloy catalysts
developed in the previous sub division of the ALCA project and verification using model carbon
materials that imitated the structure of the active sites. The study clarified the nature of the active
sites, their roles in catalyzing the oxygen reduction reaction, and their deterioration mechanism
during the fuel cell operation.

(2) Achievements:

This study has been conducted by sharing the data and the materials between the two
groups, the Gunma university group and the Nisshinbo group. The Gunma university group covered
the fundamental researches such as characterization of the high-performance catalysts by using
various physical and/or chemical techniques, understandings of the mechanisms relating to the
activation of oxygen molecules and the catalyst deterioration during operation. They proposed a new
parameter that described the degree of the curvature of the graphitic layer, by paying attentions to the
warped graphitic layers that was assumed to be responsible for the ORR activity, and revealed a
good correlation between the ORR activity of the catalysts and the parameter. They also studied the
influences of the curvatures on the heat-of-adsorption for oxygen molecules and the work function.
From these results, the Gunma university group concluded that the active sites of the carbon alloy
catalysts are the warped graphitic layers, and the roles of the sites were to increase both the oxygen
adsorption abilities and the electron transfer feasibility. The Nisshinbo group studied the protocols to
estimate the lifetime of the carbon alloy catalysts by studying the catalyst deterioration caused by
several experimental conditions, and found the deterioration was caused by the hydrogen peroxide
produced during the fuel cell operation. Combining both knowledge established the design
guidelines to obtain the carbon alloy cathode catalysts with high performance and durability.

(3) Future developments:

The task for the future work is to develop the carbon alloy catalysts with higher activity
and durability based on our design guidelines established through the ALCA project. The Gunma
university group will conduct the following two research items: searching for the sophisticated
fabrication ways for the continuous warped graphitic layers and the effective methods to introduce
the functions to the carbon alloy catalysts to reduce the hydrogen peroxide formation and/ or to



convert the molecule to non-toxic substance such as water. The Nisshinbo group will develop a
manufacturing process of the carbon alloy catalysts based on the results of the fundamental
researches. They will introduce the catalysts to the market in 2025 and expand their market not only
to the stationary application but also to the mobility applications.



