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Maria-Anthoniette Oghenetejiro Onoriode-Afunezie, Agnė Šulčiūtė
Department of Physical and Inorganic Chemistry, Faculty of Chemical Technology, Kaunas University of Technology, Kaunas, Lithuania
Radvilenu pl 19, LT-50254, Kunas Lithuania
maria.onoriode@ktu.edu

Objective: This study evaluates the development of copper-based photocatalysts prepared via low-voltage electrophoretic deposition (EPD) on AISI 316 stainless steel. The goal was to optimize preparation parameters for the rapid degradation of organic pollutants, like Methylene Blue (MB) and Ciprofloxacin (CIP).

Methodology: Catalyst precursors were synthesized through the coprecipitation of copper nitrate and sodium hydroxide, followed by a 25-minute dark aging period, with vacuum filtration and finally, drying at 80°C. These aged species were electrodeposited at voltages ranging from 0.9V to 1.2V, followed by a second drying step at 80°C. Structural evolution was analyzed using X-ray Diffraction (XRD), and photocatalytic efficiency was measured over a 30-minute window, weighed against UV radiation control.

Results: XRD patterns confirmed the successful formation of mixed-phase CuO/Cu2O films while preserving the structural integrity of the underlying substrate. The bare stainless steel exhibited characteristic face-centered cubic (FCC) austenite reflections (2θ ≈ 43.5°, 50.8°, 74.5°, and 90.5°) [1], which persisted across all coated samples. On these reflections were diagnostic peaks for tenorite CuO (35.6° and 65.8°) [2], [3] and cuprite Cu2O (38.8° and 61.5°) [2], [4]. A distinct voltage-dependent evolution was observed: the Cu2O (111) reflection at ~38.8° intensified progressively from 0.9V to 1.2V, indicating preferential enrichment of the cuprite phase at higher potentials. Furthermore, the relative broadening of peaks at lower voltages (0.9V–1.0V) compared to the sharper reflections at 1.2V indicates that voltage acts as a crystallization driver, with lower fields preserving nanocrystalline mixed-phase heterojunctions while higher voltages promote larger, more phase-pure crystallites [3], [4]. 
Photocatalytic trials demonstrated that UV radiation alone resulted in negligible pollutant removal (~0%). The catalysts, however, initiated rapid pseudo-first-order kinetics. Catalyst performance was to be pollutant-specific: For MB, the 1.2V catalyst was the most effective, achieving up to 34% degradation within 30 minutes. Conversely, for CIP, the 0.9V catalyst achieved the best results, reaching up to 46% degradation, significantly outperforming the 1.2V catalyst which achieved ~34% removal. This suggests that the nanocrystalline heterojunctions maintained at lower voltages (0.9V) are superior for CIP-specific charge separation, while the higher crystallinity of the 1.2V phase favors MB degradation.

Conclusion: The choice of EPD voltage is a critical driver for both structural development and pollutant-specific efficiency. A 1.2V preparation voltage optimizes performance for MB, while a 0.9V preparation voltage is superior for the rapid treatment of CIP, highlighting the versatility of aged copper oxide coatings in targeted water treatment applications. 
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