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

1. Project title : 'Durable and Efficient Compound Electrodes for Hydrogen Generation in
PEM Electrolysis |

2. Research period : April 2022 ~ March 2025

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Kohei Miyazaki Associate Kyoto University Anode
Professor catalysts
Collaborator | Yuto Miyahara Assistant Kyoto University
Professor
Collaborator | Yuta Inoue Ph.D Kyoto University
Student
Co-PI Norio Yuki Executive Toho Titanium Anode PTL
Vice- sheet
president
Collaborator | Yosuke Inoue Group Toho Titanium Titanium
Manager powder
Collaborator | Motomu Takada Toho Titanium

Total number of participants throughout the research period: 12

Partner-side

Name Title Affiliation Role in the

research

project

Pl Daniel Schréder | Full Technische Simulation and

Professor Universitat performance
Braunschweig tests for PEM
Collaborator | Felix Kerner Research Technische electrolyzers

Assistant Universitat
Braunschweig
Collaborator | Jiang Liu Research Technische
Assistant Universitat
Braunschweig

Co-PI Thorsten CEO Eisenhuth GmbH BP production
Hickmann & Co. using titanium

Collaborator | Vinod-Kumar - Eisenhuth GmbH powder
Banoth & Co.

Total number of participants throughout the research period: 7

4. Summary of the international joint research

In this study, a titanium bipolar plate (BP), a titanium anode Porous Transport Layer (PTL),
and an oxygen evolution catalyst were developed to construct a polymer electrolyte
membrane (PEM) water electrolysis cell with excellent electrolysis efficiency, durability, and
resource conservation. Eisenhuth, Toho Titanium, and Kyoto University were in charge of the
development of the titanium BP, the titanium PTL, and the oxygen evolution catalyst,
respectively, while the Technical University of Braunschweig (TUB) was in charge of the water
electrolysis performance evaluation and numerical analysis of these developed materials.
Toho Titanium was also responsible for the development of titanium powder, the raw material
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for titanium BP, and its supply to Eisenhuth.

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

In the development of oxygen-evolving catalysts, Kyoto University focused on Ir-based
pyrochlore oxides with the structural formula Az2Ir.O7, and obtained the design guideline that
high activity can be obtained by partial substitution of the A site with a divalent cation.
Specifically, we investigated the substitution element species and substitution ratio for
Pralr.O7. As a result, we found that magnesium was particularly active, and the OER activity
was about four times higher than that of the benchmark IrO.. In addition, Ru-based
pyrochlore oxides were investigated to replace Ir, which is extremely rare, with Ru, which is
in relatively abundant supply, and Ru-based oxides are said to have superior activity but
inferior durability compared to Ir-based oxides. However, the composite ruthenium oxide
partially substituted with magnesium showed high activity and durability, and approximately
twice the OER activity compared to the benchmark commercial IrO,. If these catalysts can
be commercialized, energy efficiency and reduction of catalyst usage due to significant
activity improvement can be expected. In particular, in the case of the composite ruthenium
oxide, Ir is no longer needed, and its resource-saving effect is significant.

In the development of the anode PTL that Toho Titanium was in charge of, a prototype
PTL made from titanium powder was fabricated and its water electrolysis performance was
evaluated at TUB. Compared to a common PTL made of titanium fiber as a benchmark, the
PTL made of titanium powder with a specified particle size had superior characteristics when
combined with a thin electrolyte, and the voltage value in the IV curve was several percent
lower. The amount of crossover hydrogen transmitted to the anode side was also smaller
than that of the benchmark PTL, suggesting that the PTL improves the durability of the
electrolyte membrane and thus the cell as a whole.

As described above, development results were obtained in oxygen generation catalyst
and anode PTL, respectively, and their combination is expected to have a combined effect of
energy efficiency, durability improvement, and resource saving (especially Ir).

5-2 Synergistic effects of the joint research

Since the PEM water electrolysis cell is composed of various components and has a wide
range of development areas, many synergistic effects were achieved through the shared
research of BP by Eisenhuth, PTL by Toho Titanium, oxygen generation catalyst by Kyoto
University, and evaluation and analysis by TUB. Examples are as follows.

e Toho Titanium used CT scans to obtain PTL internal geometry, and TUB built an
oxygen diffusion model for simulation. The results were published in ACS Applied
Energy Materials.

e A TUB Ph.D. student trained at Kyoto University, learned catalyst synthesis and
evaluation, and discovered a new high-activity OER catalyst.

e TUB, with expertise in electrolytic performance evaluation, led the testing, enabling
other partners—especially Toho Titanium—to gain valuable know-how.

e Eisenhuth required titanium powder for BP production, which Toho Titanium readily
supplied thanks to its prototyping experience.

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

In terms of practical application, the anode PTL developed by Toho Titanium, under the
name of WEBTi porous titanium, was decided during the joint development period, and as of
April 2025, a mass production plant is under construction. The oxygen evolution catalyst
developed by Kyoto University is currently only a lab-scale prototype and needs to be
developed for scale-up. We plan to discuss this with Toho Titanium and others as soon as
the prospects are clear.

In terms of future development, the numerical analysis of oxygen diffusion inside PTL
developed by Toho Titanium and TUB, and the design guidelines and controlling factors for
activity of oxygen-evolving catalysts discovered by Kyoto University are expected to promote
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continuous development as fundamental knowledge for future material development.
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