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Thorough assessment of reaction pathways involved in the electochemical removal of persistent organic micropollutants from water
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Water pollution by persistent emerging organic micropollutants is widely regarded as a vital environmental concern on a global scale. In this PhD, single and combined electrochemical technologies (electrocoagulation (EC) and electrochemical advanced oxidation processes (EAOPs)) are proposed as effective technologies to treat aqueous solutions containing refractory xenobiotics like benzophenone-3 (BP-3) and butylated hydroxyanisole (BHA) at both, lab- and pilot-scale (up to 3 L). Trials will be made in synthetic, simulated and real water (i.e., wastewater treatment plant) matrices.

To optimize the EC treatment, the effect of conventional parameters such as anode nature (Fe, Al and stainless steel), connection mode and current density will be investigated. In addition, aiming to enhance the economic feasibility, new aspects will be surveyed: the use of alternating current (AC) and polarity reversal, the performance of three-dimensional EC reactors and their operation in continuous mode. In EAOPs, aiming to avoid the limitations of acidification and constant pH adjustment that are typical of electro-Fenton (EF), photoelectro-Fenton (PEF) and solar photoelectro-Fenton (SPEF) processes performed at optimum pH 3.0, iron-chelating agents like Fe(III)-EDDS will be employed, since they are able to continuously dose catalytic amounts of Fe2+ at circumneutral pH [1].

Carbon-based electrodes are commonly used as cathodes to generate H2O2 from the two-electron reduction of O2. To further enhance the H2O2 supply, carbon-felt-based metal-organic frameworks (MOFs), with fascinating large surface area, will be employed to prepare novel efficient cathodes. Furthermore, new dimensionally stable anodes will be evaluated to minimize the concentration of chlorinated oxyanions typically accumulated in chloride-containing media. Since transformation products formed upon treatment of micropollutants are potentially more persistent and/or toxic than the parent compounds, a thorough assessment of reaction pathways will be carried out in all electrolytic trials, using conventional offline chromatographic techniques as well as advanced offline and online GC-MS and LC-MS to have a more accurate idea of the complex routes.
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