Electrochemical Production of Hydrogen Peroxide on Various Types of Steel Electrodes 
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Steel is a widely recognized electrode material in water purification systems targeting persistent organic pollutants. When used in the electrocoagulation process, these electrodes dissolve under an applied current, generating coagulant ions that form flocs enclosing contaminants, thereby removing them treated effluent [1]. Although this method is very effective for wastewater treatment, several drawbacks can be identified. In particular, steel electrodes are continuously consumed during operation and must be regularly replaced. In addition, a large electrode surface area is required to provide an adequate concentration of coagulant [2]. Finally, the process is susceptible to pH changes due to many co-occurring processes (coagulation, sedimentation, or flotation).
[bookmark: _GoBack]To mitigate these limitations, one approach is to partially shift from electrocoagulation to other water treatment methods, such as advanced oxidation processes (AOPs). AOPs employ strong oxidants, such as ozone or hydrogen peroxide, to transform or fully mineralize pollutants into harmless compounds. Hydrogen peroxide (H2O2) is an example of a common and environmentally friendly oxidant. It can be safely stored for long periods and sustainably produced in situ e.g. by 2-electrons oxygen reduction reaction [3]. Furthermore, its oxidizing capacity can be enhanced through combination with ozone, UV radiation, or Fe2+ (the so-called Fenton reagent), leading to the formation of highly reactive hydroxyl radicals (•OH), which are capable of degrading even the most refractory pollutants [4]. Therefore, H2O2 is a very promising and widely studied reagent for wastewater treatment especially when used in hybrid techniques.
In this work, we investigated the capability of various steel types, namely carbon steel, ferritic steel, and austenitic steel, for the cathodic production of H2O2. As steel materials are known to exhibit limited activity toward H2O2 production [5], our objective was to identify the most suitable steel electrode that could utilize H2O2 formation as a secondary mechanism in wastewater treatment. We examined the influence of several parameters on H2O2 production, including pH, temperature, and oxygen saturation of the solution. The optimal electrochemical potential of the working electrode was also determined. In addition, post-experiment imaging of both working and auxiliary electrodes was conducted to assess the impact of H2O2 evolution on corrosion of the electrodes. The KMnO4 titration results show that, among the tested materials, ferritic steel exhibits the highest H2O2 production capacity. The H2O2 concentration reached over 3.5 ppm for this electrode material after a 30-minute reduction process conducted at -786 mV (vs. Ag/AgCl). As for the pH of the solution, we discovered that alkaline environment (pH ≈10) is the most suitable for this process. The SEM analysis revealed different degradation rate dependent on the steel type. This work represents an important step towards the development of an integrated electrocoagulation - AOP system using steel electrodes.
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