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Proton exchange membrane fuel cells (PEMFCs) are a key technology for achieving decarbonization in transportation
and power generation while maintaining high performance, and they are expected to serve as a cornerstone of future
clean energy infrastructure. In PEMFCs, the hydrogen oxidation reaction occurs at the anode, while the oxygen
reduction reaction (ORR) takes place at the cathode, typically catalyzed by platinum on carbon. However, the sluggish
kinetics of the ORR requires a large amount of platinum, making the reduction of platinum usage one of the major
challenges in current PEMFC technology. To address this issue, extensive efforts have been devoted to developing
cost-effective and high-performance catalysts. Nevertheless, the low reproducibility and low throughput of catalyst
evaluation have significantly hindered further progress. This thesis aims to address these limitations and establish a
novel high-throughput approach to accelerate the development of ORR catalysts.

In Chapter 2, 105 catalyst films with a wide range of uniformities were prepared using the same Pt/C catalysts to
construct a dataset of microscopic images and electrochemical performance. From the obtained images, 42 features
were extracted through multiple analytical approaches, and key features were identified for each electrochemical
parameter using decision tree classification. These features enabled a higher-resolution and more quantitative
assignment of film uniformity than conventional qualitative visual inspection. It was also revealed that a single feature
alone could not fully account for the electrochemical performance. By combining multiple features, the superiority and
inferiority of samples could be distinguished with greater accuracy than by visual inspection, ultimately leading to the
successful proposal of deployable descriptor sets for quantitative and objective evaluation of film uniformity.

In Chapter 3, a comprehensive refinement of the rotating disk electrode (RDE) measurement workflow was undertaken
to enhance reproducibility. The refinement encompassed catalyst pretreatment, ink pipetting, drying, film uniformity
evaluation, electrode selection, and gas bubbling procedures. Implementation of these improvements reduced the
coefficient of variation (Std/Avg) of the kinetic current density, jx (representing the current at the infinite oxygen supply
condition) from 27% to 6%. Several factors were found to be critical. The removal of catalyst aggregation and moisture
absorption prior to ink preparation markedly stabilized ink preparation and sampling. In pipetting, the repetitive
dispensing mode significantly improved consistency, reducing the variation from 9.23% to 2.33% compared with
conventional single dispensing. Controlled drying within a thermostatic chamber was also essential for reproducible
film formation; for inks composed of 2-propanol and water, drying at approximately 30 °C yielded uniform catalyst
films. Electrode quality strongly affected the measured ORR activity, and electrodes with well-polished surfaces and
low resistance were preferred. Moreover, gas bubbling from the surface through a micro-bubbler, rather than from
within the liquid phase, minimized bubble adhesion and improved stability. Through these refinements, the coefficient
of variation of j; improved by 4.5 times, suggesting that the efficiency in reflecting the true catalytic performance
increased approximately 20-fold. These results demonstrate that systematic optimization of each experimental step can
substantially enhance the reproducibility and reliability of RDE-based ORR evaluations.



In Chapter 4, a new high-throughput experimental approach based on a stirring method for the evaluation of ORR
catalysts was developed. Owing to its simple configuration, ease of operation, and low cost, this setup is highly suitable
for high-throughput measurements compared with conventional techniques such as the RDE method. Using this
platform, several samples with varied catalyst loadings and ionomer contents were systematically examined to validate
the reliability and advantages of the proposed approach. As a result, the kinetic region in the obtained current-voltage
curves was significantly expanded, enabling direct extraction of current values. The results demonstrate that the
developed approach provides a practical and scalable framework for accelerating the screening and optimization of
ORR catalysts.

Through these findings, the present thesis establishes a foundation for a reproducible high-throughput evaluation
workflow that bridges the gap between conventional electrochemical testing and combinatorial catalyst discovery.
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