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Maximizing the efficiency of Ir-based oxygen evolution electrocatalysts through Ni doping
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Significance and Relevance

This study presents novel Ir-TM (transition metal) catalysts for the Oxygen Evolution Reaction (OER) in
acidic media, aiming to reduce the use of noble metals while enhancing performance. The key result
is the higher catalytic activity of the mixed Ir-Ni alloy compared to pure Ir and IrO;, attributed to
changes in the crystalline and/or electronic structure and electrochemical surface area. This work
provides a path toward more efficient and cost-effective OER catalysts for Proton-Exchange Membrane
Electrolyzers (PEMs), addressing the scalability and sustainability challenges.
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Introduction and Motivations

The Oxygen Evolution Reaction (OER) is regarded as the bottleneck in electrochemical water splitting
due to its slow kinetics. Currently, IrO; is the only material that offers the necessary activity and
stability to function as an OER catalyst in the acidic environment of Proton Exchange Membrane (PEM)
electrolyzers. For large-scale implementation, it is crucial to reduce the loading of noble metals in the
catalyst composition as much as possible.! Introducing other transition metals, in the composition
offers several possibilities to boost the performance of OER catalysts by changing their crystalline and
electronic structure, as shown in our previous study on mixed Ir-Mn catalysts.?

Materials and Methods

Catalysts were prepared by thermal decomposition or by an innovative microwave synthesis. The
crystalline structure, the morphology and composition, and the electronic structure were analyzed by
X-ray diffraction (XRD), Field Emission Scanning Electron Microscopy (FE-SEM), Energy Dispersive X-
Ray Spectroscopy (EDX), and X-Ray Photoelectron Spectroscopy (XPS). The electrocatalysts were tested
in a three-electrode cell using an acidic electrolyte to assess their activity and stability.

Results and Discussion

Microwave synthesis is a fast and scalable process for the fabrication of electrocatalysts. As opposed
to thermally prepared materials, which are mainly in the form of oxides,? this synthesis led to the
formation of metallic alloys.

Both doped and undoped Ir-based catalysts have higher catalytic activity as compared to a commercial
IrO; catalyst. Doping Ir with Ni further increased the catalytic activity, resulting in higher current
densities in Linear Sweep Voltammetry (LSV) (Figure 1) and lower Tafel slope. The higher activity of
mixed catalysts is maintained after a stability test; undoped and doped Ir-Ni catalysts exhibit similar
trends of current densities but they were shifted to higher values for the mixed catalysts (Figure 2). In-
depth characterization of the fresh and used catalyst evidenced differences in morphology and
composition.
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Figure 1. Linear Sweep Voltammetry of the catalysts.
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Figure 2. Chronoamperometry at E=1.6 V vs. RHE.
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