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Strategic International Collaborative Research Program (SICORP)

Japan-Germany Joint Research Program
Executive Summary of Final Report

1. Project title : [Sustainable and Hydrogen-Compatible Sealing Materials: Key Element

for Ensuring Safety and Diversity of Hydrogen Supply Network |

2. Research period : April 2022 ~ March 2025
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Yoshinori Professor | Kyushu University Project Lead at KU
Sawae & Researcher
Co-PI Shigenobu | Manager | NOK CORPORATION | Project Lead at
Honda NOK
Collaborator | Hiroyoshi Assistant | Kyushu University PIC in Elastomer
Tanaka Professor Testing
Collaborator | Hironori Assistant | Kyushu University PIC in
Shinmori Professor Thermoplastic
Testing
Collaborator | Ayako Manager | NOK CORPORATION, | Director
Aoyagi
Collaborator | Hikaru - NOK CORPORATION, | PIC in Material
Hashimoto Development

Total number of participants throughout the research period: 14

KG

Partner-side
Name Title Affiliation Role in the
research
project
Pl Dr. Géraldine Leader BAM Project Lead at
Theiler (Bundesanstalt fur BAM &
Materialforschung Researcher
und -prifung)
Co-PI Dr. Emiel Project Freudenberg Project Lead at
Dobbelaar Manager Technology Freudenberg &
Innovation SE & Co. | Researcher
KG
Collaborator | Dr. Natalia Specialist | BAM PIC in Surface
Cano Murillo Surface (Bundesanstalt fur Analysis
Analysis Materialforschung
und -prifung)
Collaborator | Christian Specialist | Freudenberg PIC in
Mdaller Tribometry | Technology Tribology
Innovation SE & Co. | Testing
KG
Collaborator | Dr. Thomas Specialist | Freudenberg Thermoplastics
Schauber Thermopla | Technology Expert
stics Innovation SE & Co.

Total number of participants throughout the research period: 10
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4. Summary of the international joint research

The purpose of this international joint research is to improve the environmental
compatibility of the sealing materials used in hydrogen infrastructures for utilizing liquid
hydrogen and high-pressure hydrogen gas as clean energy carriers. Sealing elements have
a critical role in hydrogen infrastructures, used at interfaces between pipes and equipment
to prevent hydrogen leakage and ensure the safety and reliability. However, most of them
are made from petroleum-derived rubber and resins, and fluorinated materials with a large
environmental impact are widely used especially for dynamic seals that exposed to sliding.
In this study, the durability and functionality of candidate materials developed by NOK and
FTI, Japanese and German seal manufacturers, are evaluated in a high-temperature and
high-pressure hydrogen gas environment at Kyushu University (KU) in Japan, and in a low-
temperature hydrogen environment at -150°C at the German Federal Materials Testing
Institute (BAM) on the German side. In addition, NOK and FTI will conduct LCA of developed
materials and evaluate their effect of reducing the environmental impact. Based on obtained
results, the feasibility of the developed material as a sealing material for hydrogen are
evaluated from functionality, durability, and environmental compatibility. In addition, KU and
BAM will work together to elucidate the physical and chemical phenomena that occur at the
sliding interfaces in low-temperature hydrogen and high-temperature and high-pressure
hydrogen gas, and to elucidate the mechanism by which hydrogen is involved in friction and
wear of various materials. Then the obtained scientific findings will be accumulated as
academic knowledge. In addition, the knowledge obtained will be fed back to NOK and FTI
for further improvement of candidate materials.

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

NOK and FTI worked together to explore methods to improve the environmental
compatibility of rubber and resin materials for seals, and finally prototyped a total of 14 rubber
materials and 12 resin materials. The two companies also developed LCA methods for
sealing materials, and compiled a draft LCA method that could be shared between Japan
and Germany. Kyushu University and BAM evaluated the durability and functionality of
sealing materials provided by NOK and FTI in a high-pressure hydrogen gas atmosphere
and a low-temperature hydrogen gas atmosphere, focusing on friction and wear. Based on
the obtained experimental results, NOK and Kyushu University applied for a patent for a
composition of PEEK composite suitable for high-pressure hydrogen gas atmospheres. In
addition, Kyushu University and BAM have jointly presented three topics at an international
conference held in the U.S. on the phenomena that occur at the sliding interface in hydrogen.
Based on the content of these presentations, Kyushu University and BAM are currently
preparing joint publications.

5-2 Synergistic effects of the joint research

In the development of sustainable materials, NOK and FTI shared information, which
allowed them to accumulate a wider range of information and ideas on raw materials and
methods for reducing CO2 emissions. As a result, a larger number of sustainable materials
could be developed than originally planned. In addition, the collaboration between NOK and
FTI made the established LCA method more international by sharing information on relevant
standards and accessible databases in both Japan and Germany. Kyushu University and
BAM have been able to make multifaceted evaluations of materials by utilizing
complementary instruments, experiments and analysis techniques owned by both parties. In
addition, by having meetings frequently to share the latest outputs from experiments and
analyses in both sides, Kyushu University and BAM were able to review the test and analysis
methods each other, and improve the quality of the evaluation methods. In addition, it was
clarified that there are not only differences but also commonalities regarding the effects of
high-pressure hydrogen gas and low-temperature hydrogen gas.
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5-3 Scientific, industrial or societal impacts/effects of the outputs

The data on durability (specific wear amount) and functionality (coefficient of friction) of
various rubber and resin materials acquired in this joint research will be used as an index for
material selection according to various hydrogen environments in NOK and FTI, and will
serve as a technical basis for the construction of a hydrogen supply network. Some of the
environmentally compatible materials that have been developed are expected to be
commercialized in the future. In addition, the research network between Japan and Germany
established through this joint research will contribute to the reduction of costs and
improvement of the reliability of hydrogen refueling stations through NEDO projects in Japan,
and will also be used for the establishment of related international standards (ISO standards).
In addition, the young researchers and engineers who participated in this joint research are
expected to play a central role in the development and research of hydrogen utilization
technologies at research institutes and companies, and contribute to the achievement of
carbon neutrality by 2050.
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