Metal recovery from synthetic E-waste effluent using carbonaceous anodes
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With the continuous expansion of electrical and electronic equipment waste, effective strategies for its treatment and recycling have become increasingly important. This is due not only to the presence of valuable, critical, and strategic metals within these materials, but also to the environmental impacts associated with improper disposal. As a result, numerous approaches have been explored to recover metals from electronic waste, including ion‑exchange processes, liquid–liquid extraction, adsorption techniques, and a variety of electrochemical methods [1,2].
Among these options, electrodeposition has emerged as an environmentally favorable technology, offering precise operational control and relatively low energy requirements. This electrochemical technique has shown considerable promise for recovering valuable metals from electronic waste streams, as it enables the controlled formation of metallic nanostructures. The characteristics of the electrode itself play a crucial role in the process: its morphology, composition, and surface properties can influence deposition behavior and ultimately affect the energy, size, and shape of the resulting metallic deposits [1].
The present study focuses on optimizing the recovery of selected metals using carbon‑based electrodes. Three different substrate materials—Carbon Felt (CF), Carbon Cloth (CC), and Carbon Paper (CP)—are evaluated by applying various potentials during the electrodeposition of Cu2+, allowing for a comparative assessment of their performance. In addition, the reduction of Fe³⁺ to Fe²⁺ is investigated on the same electrode materials under different applied potentials.
From the results obtained, the main conclusions were that the optimal operational voltage was -200 mV for copper and 120 mV for iron and that the CP exhibits the best performance for both metals, with lower current intensities and yield percentages of 88.76% for Cu²⁺ and 29.51% for Fe³⁺.
Overall, this work aims to provide a systematic comparison of carbon-based electrodes for metal recovery applications, contributing to the development of more efficient and sustainable electrochemical approaches for the valorization of metals dissolved from electronic wastes.
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