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

Project title : Novel routes and catalysts for synthesis of ammonia as alternative
renewable fuel

Research period : May 2021 to March 2025

Main participants :

Japan-side
Role in the
Name Title Affiliation research
project
Head, Osaka Research
P Jun Maruyama Carbon Institute of Industrial | Catalyst
Materials Science and synthesis
Laboratory | Technology
National Institute of | Electrochemical
Co-Pl Zyun Siroma Group Advanced Industrial | cell fabrication,
Leader Science and reaction
Technology analysis
Osaka Research
Collaborator Shohei Senior Institute of Industrial | Catalyst
Maruyama Researcher | Science and characterization
Technology
Osaka Research
. Temporary | Institute of Industrial | Electrochemical
Collaborator | Setsuko Shibuya Researcher | Science and evaluation
Technology
National Institute of | Electrode
. . Technical Advanced Industrial | fabrication,
Collaborator | Yoshiko Murai Staff Science and electrochemical
Technology evaluation
Total number of participants throughout the research period: 7
Partner-side
Name Title Affiliation Role in the research
project
PI Emil Drazevic | ASSOC1ate | pohis University Electrochemical reactor
Professor
Co-Pl Saso Assistant Jozef Stefan Modelling and
Gyergyek Professor Institute simulation
Vesna Project Flemish In_stitute for
Co-PI Middelkoo Enqineer Technological Thermal reactor
b 9 Research
o Dutch Institute for .
Copt | oo,y | Clade, | Fundamomal Energy | Foemeseses
b Research
Farnaz Founder & Simulation, catalyst
Co-Pl Sotoodeh Director C2CAT synthesis
Life cycle assessment
Co-PI glat\)rf)rlﬂjoo Eﬁ;iena er::r Casale and teghno-economic
analysis




| Total number of participants throughout the research period: 21

4. Summary of international joint research

This joint research project worked on developing alternative reaction processes and
catalysts for decentralised production of ammonia as a renewable fuel from nitrogen in the
atmosphere. Three strands for ammonia synthesis were developed: electro-catalytic,
plasma-aided electrocatalytic, and thermal catalysis process. The electro-catalytic process
was designed to use water-in-salt electrolytes (WiSEs)to mitigate the hydrogen evolution as
the side reaction in the cathode of the reactor and catalysts suitable for the electrolytes were
explored. The research project also systematically clarified the influence of gas
compositions, mediators, and cell voltage by surveying operation modes in non-aqueous
systems. A new plasma reactor and electrocatalysts were developed as well as a probe for
the plasma analysis to improve reaction efficiency. A new thermal reactor was also
developed for localized heating suitable for on-site ammonia production. Continuous
ammonia production was achieved by the plasma-aided and thermal catalysis processes.
The Japanese team led the development of new electrochemical reactors and
electro-catalysts, successfully creating active anode catalysts that enabled efficient
electrolysis in WiSEs. Additionally, a non-noble-metal catalyst and an electrolysis cell were
developed to produce ammonia by reducing intermediate gases from the plasma-aided
electrocatalytic reactor.

5. Outcomes of international joint research

5-1 Scientific outputs and implemented activities of joint research

Among the three processes investigated by the international joint research project for
ammonia production, the development of electrocatalysts for the oxygen evolution reaction
(OER) as the anode reaction of the electro-catalytic reactor was carried out in the Japanese
team. A promising WIiSE was identified through fundamental studies on OER behavior using
step-edge-enriched carbon catalysts, achieving an ultra-low OER overpotential to offset the
high cathodic overpotential. Practical catalysts for the extremely low-overpotential OER with
a step-edge enriched high effective electrode area were also developed by using
nano-carbon materials. The Japanese and EU partners performed experiments jointly to
attain the ammonia production at electrolysis cells with a non-noble-metal cathode catalyst
by reducing intermediate gases from the plasma-aided electrocatalytic reactor. In
accordance with their responsibilities, the Japanese team designed and fabricated
membrane-electrode assemblies, which were then supplied to the EU partners. A new
method to interpret steady-state current—potential relationships—based on the assumption
of multiple parallel reaction pathways with different active sites—was developed and applied
to analyze the OER behavior. In addition, to reduce arbitrariness in the interpretation of
electrochemical impedance spectroscopy (EIS), a new graphing method was proposed.

5-2 Synergistic effects of joint research

The Japanese and EU partners exchanged knowledge actively between the participating
institutes working on different ammonia production approaches, at a higher pace than that of
formal publications and conference presentations. Notably, the project’s strengths lay in the
integration of computational and experimental science and in comparative studies between
aqueous and solid-state electrochemical systems.

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

In its final stage, the project scope was revised, and the Japanese team took partial
responsibilty for electrocatalyst synthesis, yielding promising results. Based on this
achievement, a collaborative study on electrocatalysts will continue in both the Japanese
and EU teams. The new EIS graphing method is planned to be adopted as a standardd
analysis technique.
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