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

1. Project title : Development of new hydrogen storage alloys for utilization of renewable

energy and construction of the design guidelines aimed at practical use ]
2. Research period : July, 2018 ~ March, 2022

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Toyoto Sato Specially | Shibaura Institute of | Supervision,
appointed | Technology Material
Associate Syntheses,
Professor Characterizations
Collaborator | Shin-ichi Orimo | Professor | Advanced Institute Advisor
for Materials
Research, Tohoku
University
Collaborator | Tatsuoki Kono Professor | University of Tokyo | Advisor
Collaborator | Shigeyuki Associate | Institute for Characterizations
Takagi Professor | Materials Research,

Tohoku University

Total number of participants throughout the research period: 4

Partner-side

Name Title Affiliation Role in the
research project
Pl Andreas Zittel Professor | Institute of Supervision

Chemical Sciences
and Engineering,
Swiss Federal
Institute of
Technology in
Lausanne (EPFL)

Collaborator Heena Yang

Dr.

Institute of
Chemical Sciences
and Engineering,
Swiss Federal
Institute of
Technology in
Lausanne (EPFL)

X-ray diffraction

Collaborator Wen Luo

Dr.

Institute of
Chemical Sciences
and Engineering,
Swiss Federal
Institute of
Technology in
Lausanne (EPFL)

Neutron
diffraction

Total number of participants throughout the research period: 3
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4. Summary of the international joint research

The goal of this project is to develop magnesium (Mg) containing alloys for new hydrogen
storage alloys, which have higher gravimetric and volumetric hydrogen densities than a
practical hydrogen storage alloy LaNis (1.4 mass% and 92 kgH./m3) and hydrogen
absorption desorption reaction at less than 100 °C and several MPa of hydrogen gas
pressures for hydrogen as a renewable energy carrier.

The Japanese team synthesized Mg containing alloys and investigated their hydrogen
absorption and desorption properties. The Swiss team observed their crystal structures by
powder neutron diffraction for elucidation of their hydrogen absorption and desorption
reaction mechanism viewed from atomic arrangements. In the complementary studies, Mg
containing alloys with higher hydrogen capacities of 1.4 mass% and 92 kgH2/m?3 under 100
°C and less than 3 MPa were developed. Based on results of this project, we suggested
design guidelines for Mg containing alloys aimed at practical hydrogen storage alloys for
utilization of renewable energy.

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

Syntheses, hydrogen storage properties and crystal structures of Mg containing alloys
were investigated in Japanese and Swiss teams. We could develop Mg containing hydrogen
storage alloys in which more than 1.4 mass % of hydrogen were absorbed and desorbed at
less than 100 °C and 3 MPa. In addition, a hydrogen storage alloy, which was developed in
this project, exhibited stable hydrogen absorption and desorption reaction cycles up to 100
cycles at 30 °C without reducing of reaction pressures and hydrogen storage capacities.
Combining crystal structural investigations by neutron diffraction, the stable reactions would
be implied to relate with stacking of metal atom polyhedron units in the crystal structure.

5-2 Synergistic effects of the joint research

In this project, neutron diffraction experiments under D, pressures, which are allowed
performing at only several neutron scattering facilities in the world, were one of key
experiments to achieve our goal. Since the MLF, J-PARC in Japan and the SINQ, PSI in
Switzerland could be allowed to use deuterium gas, we have had neutron diffraction
experiments on Mg containing alloys in D, pressure at the MLF, J-PARC and the SINQ, PSI
in Switzerland. The experiments led to observe crystal structural changes and determine
hydrogen (deuterium) atomic positions in the Mg containing alloys during their hydrogen
absorption reactions. The results led to understand the hydrogen absorption and desorption
reaction mechanism viewed from atomic arrangements. Through Japan and Switzerland
project, we could have meetings to discuss our results every year (before the pandemic of
the COVID-19), visited at facilities related with this project (e.g. hydrogen station etc.), and
joined at international conferences.

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

Though this project, we have reported our scientific results, of which hydrogen absorption
and desorption reactions were understood viewed from atomic arrangements in the Mg
containing alloys observed by neutron diffraction under D, pressure. Based on the results,
we suggested design guidelines for Mg containing alloys aimed at practical hydrogen
storage alloys for utilization of renewable energy. The results have led to approve as a
neutron beam award at Spallation Neutron Source, Oak Ridge National Laboratory in USA
to further understand hydrogen absorption reaction observed by inelastic neutron scattering.
During this project, we joined a scientific committee (The 190" Committee on Hydrogen
Function Analyses in Materials, Chairman: Prof. Shin-ichi Orimo), in which researchers
worked at academia and industries were participated and discussed about studies of
hydrogen in materials including hydrogen storage materials. Through activities in the
committee, Japanese team have had a collaboration with a material company (2019 and
2020). Prof. Shin-ichi Orimo has started up a new committee “Hydrogenomics Alliance,
Japan” to promote interdisciplinary researches related with hydrogen.
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