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1. Antecedentes y estado actual del tema

1.1. Experiencia previa del Grupo de Investigación 

2. Objetivos y planteamiento

3. Metodología y plan de trabajo

3.1. Impacto previsto 

Incluir una breve descripción del historial del grupo de investigación en el tema propuesto. 

Hacer referencia a los resultados previstos y a la aplicabilidad y capacidad innovadora de los mismos, si 
fuese oportuno. Describir los medios que se proponen para difundir los resultados de la tesis, de acuerdo 
con las expectativas descritas y la actualidad del tema propuesto. 
Aportar indicios objetivos de su calidad, así como referencias sobre la trayectoria previa del Director y/o 
Codirector. Para justificar la actualidad del tema se podrá, por ejemplo, hacer referencia a publicaciones 
recientes de artículos o monografías de otros autores con objetivos comparables a los del trabajo de 
investigación objeto de tesis. 

Indicar en líneas generales los antecedentes y el contexto en que se propone el PI, incluyendo hipótesis y 
objetivo/s generales que se persiguen. Justificar la novedad del trabajo que se propone, dentro del marco 
descrito. 

Desarrollar los objetivos específicos que persigue la investigación, describir los hitos o logros parciales que 
se plantean para la consecución de los objetivos generales indicados en la sección anterior. 

Planificación temporal del plan de actividades y tareas, indicando su secuencialidad y cronograma 
estimado en meses, teniendo en cuenta que la actual legislación promueve la finalización de la tesis en un 
período de tres años desde la primera matrícula. 
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4. Bibliografía inicial

Firma Doctorando/a Vº Bº Director/a Vº Bº Tutor/a 

ANEXO I : Curriculum vitae del director/a o directores/as de la tesis 
Adjuntar en documento aparte un CV abreviado del director o directores, preferentemente en el formato 
utilizado por el MINECO, indicando únicamente méritos de investigación y transferencia, referidos solo a 
los últimos 6 años. 

Incluir la referencia completa de la documentación o material que se tomará como punto de partida. 

3.2. Plan de financiación y movilidad 

Indicar, basándose en datos objetivos (nota media del estudiante, curriculum investigador, historial del 
grupo investigador, etc.), las posibilidades de acceder a financiación para el desarrollo de la tesis doctoral. 
Incluir, aportando en su caso referencias sobre tesis previas dirigidas por el Director y/o Codirector, el Plan 
de Movilidad previsto para el doctorando: estancias que se prevé realizar, posibles destinos y su duración, 
así como las posibles fuentes de financiación para su ejecución. 

Vº Bº Codirector/a 

julio.lado
Sello

jesus.palma
Sello
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ANEXO II: Cuestionario sobre implicaciones éticas 

Indicar si la propuesta del plan de investigación contempla alguno/s de los siguientes 
aspectos: 

A: Investigación con seres humanos o uso de datos personales……………………………….. 

B: La investigación implica contacto habitual con menores......................................... 

C: Utilización de muestras biológicas humanas o información genética………..…………. 

D: Experimentación animal........................................................................................... 

SI NO 

SI NO 

SI NO 

SI NO 

SI NO 
E: Utilización de agentes biológicos de riesgo para la salud humana, animal o para 
las plantas.....................................................................................................................

F: Uso de organismos modificados genéticamente (OMGs)...……………………................ NO 

En caso de haber contestado afirmativamente a uno o más ítems, y después de que el Plan 
de Investigación haya sido evaluado por la Comisión Académica del Programa de Doctorado, 
el doctorando debe enviar copia de este anexo (junto con la documentación requerida) al 
Comité de Ética de la Investigación (CEI) de la UAM a la dirección de correo electrónico: 

comite.eticainvestigacion@uam.es 

Si el trabajo se hace dentro de un Proyecto de Investigación más amplio que cuenta con la 
aprobación de un Comité de Ética de la Investigación (CEI), especificar: 

• Título del proyecto:

• Investigador/a Principal:
• Fecha y código de

aprobación por el CEI-UAM2:

Si el trabajo de investigación no se enmarca en un Proyecto ya aprobado, se ha de enviar, 
junto al presente Anexo, el Plan de Investigación, que debe incluir las actividades a realizar, y 
especificar la metodología y el material –en su caso- que se va a utilizar. 

Aparte del Plan de Investigación con sus anexos, se adjuntará la siguiente documentación: 

• En el supuesto A , si la investigación es prospectiva, se deberá aportar el documento de
consentimiento informado que se utilizará, donde conste la información detallada que recibirá
el participante en el estudio. Si la investigación es retrospectiva se deberá establecer un
compromiso de confidencialidad sobre los posibles datos identificativos de los participantes. En
cualquier caso, se detallará si los datos o el material obtenido serán anonimizados o codificados
y cómo se custodiarán. También deberá indicarse elmodo de reclutamiento de los participantes.
Si se trata de experimentación clínica se debe adjuntar el informe del Comité de Ética del Centro
en el que se llevará a cabo la experimentación, señalando la extensión de esta autorización (usos
restringidos al proyecto, o para otros usos relacionados).

2 Que puede ser el CEI-UAM o, en su caso, el CEI de otra institución colaboradora con el Programa de 
Doctorado, que tendrá que especificarse y adjuntarse. 

SI 

mailto:comite.eticainvestigacion@uam.es
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• En el supuesto B,    se  deberá  adjuntar  el  documento  del  Registro  Central  de
Delincuentes Sexuales. 3 En el caso de estudiantes extranjeros (incluidos los nacionales de
Estados miembros de la Unión Europea), este certificado deberá ser complementado con
certificado equivalente expedido por el país de su nacionalidad, pudiendo aceptarse la
aportación por parte del interesado del resguardo de haber solicitado el certificado a las
autoridades de su país junto con una declaración responsable 4con carácter provisional hasta la
aportación del certificado original.

• En el supuesto C, si la investigación es prospectiva, se deberá aportar el documento de
consentimiento informado a utilizar donde conste la información detallada que recibirá el
participante en el estudio. Si la investigación es retrospectiva deberá presentarse la autorización
del uso de las muestras, que deberán tratarse de forma anónima, a menos que se justifique
adecuadamente la necesidad del tratamiento de forma no anónima, en cuyo caso se necesitará
consentimiento informado y documento de confidencialidad.

• En el supuesto D, se deberá adjuntar el Informe del Órgano Encargado del Bienestar de los
Animales (OEBA) y, en su caso, del Órgano Habilitado.

• En el supuesto E, se debe adjuntar el informe del Comité de Bioseguridad o del Servicio de
Prevención de Riesgos Laborales del Centro en el que se llevará a cabo la experimentación.
Asimismo, se deberán enumerar los agentes biológicos a utilizar y describir las medidas de
contención del laboratorio donde se van a realizar los trabajos.

• En el supuesto F, se debe adjuntar el informe del Comité de Bioseguridad o del Servicio de
Prevención de Riesgos Laborales del Centro en el que se llevará a cabo la experimentación. Se
debe declarar la categoría de riesgo de los OMGs empleados y su procedencia, así como los
organismos receptores y donantes empleados y los vectores utilizados.

Datos necesarios para la tramitación por el CEI: 

• Título de la Tesis:

• Doctorando/a:

• Teléfono del doctorando:

• Correo electrónico del doctorando:

• Programa de Doctorado en:

• Director/a/es:

• Tutor :

Vº Bº Tutor/a Firma Doctorando/a

Fecha: 

Vº Bº Director/a (en su caso) 

3 http://www.mjusticia.gob.es/cs/Satellite/Portal/es/ciudadanos/tramites-gestiones-personales/certificado-delitos 
4 http://www.uam.es/otros/ceiuam/documentCEI.htm 

Vº Bº Codirector/a (en su caso)

http://www.mjusticia.gob.es/cs/Satellite/Portal/es/ciudadanos/tramites-gestiones-personales/certificado-delitos
http://www.uam.es/otros/ceiuam/documentCEI.htm
julio.lado
Sello

jesus.palma
Sello
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	Título de la Tesis: Development of Innovative Anodes for Energy-Efficient Electro-Oxidation of Contaminants in Wastewater
	Apellidos y Nombre: Mirehbar Seyedkeyvan
	email: keyvan.mirebar@gmail.com
	Nombre: Dr. Julio L. Lado 
	Institución: IMDEA Energy
	Nombre_2: Dr. Jesus Palma
	Institución_2: IMDEA Energy
	Nombre_3: Dr. Javier Recio
	SI: Off
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	Universidad: 
	SI_2: Off
	NO_2: Off
	Empresa en que el doctorado está contratado: 
	E Utilización de agentes biológicos de riesgo para la salud humana animal o para las plantas: Off
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	Programa Doctorado: [Electroquímica: Ciencia y Tecnología]
	Fecha27_af_date: 25/01/2023
	Fecha28_af_date: 25/04/2023
	Group29: Opción2
	Grupo: The Electrochemical Processes Unit of IMDEA Energy (ECPU) has a history of conducting research in the fields of materials synthesis and electrochemistry. Specifically, the group has explored topics such as multi-metal oxide synthesis, capacitive deionization, faradaic deionization, and oxygen evolution reaction catalysis. Through this research, expertise in the synthesis and characterization of novel materials, as well as in electrochemical techniques for the removal of ions from water and the catalytic conversion of chemical species has been developed.

Additionally, members of our research group have published several papers on these topics in reputable academic journals, including:

- A successful transition from a vanadium redox flow battery stack to an energy-efficient electrochemical desalination module. JJ Lado, E García-Quismondo, I Almonacid, G García, G Castro, J Palma. Journal of Environmental Chemical Engineering 9 (6), 106875
- Sanchez, J. S., Pendashteh, A., Palma, J., Anderson, M., & Marcilla, R. (2018). Synthesis and application of NiMnO3-rGO nanocomposites as electrode materials for hybrid energy storage devices. Applied Surface Science, 460, 74-83.

These publications demonstrate our group's commitment to advancing knowledge in these areas and highlight our ability to contribute to the scholarly conversation.

Overall, ECPU's background in materials synthesis and electrochemistry, including multi-metal oxide synthesis, capacitive and faradaic deionization, and oxygen evolution reaction catalysis, positions us well to undertake the proposed research and make meaningful contributions to the field.

	Antecedentes: Electrochemical advanced oxidation processes (EAOPs) are recognized as promising wastewater treatments which are tightly connected to the fundamentals of Oxygen evolution reaction.[1] EAOPs are based on the electrochemical generation of strong oxidant species such as OH radicals that are responsible for the partial and, in some instances, complete degradation of organic pollutants into CO2 and H2O.[2] As such, the rate of generation and the electrochemical activity of hydroxyl radicals formed on the anode surface are critical aspects of the electrochemical performance of anode materials. EAOPs are environmentally friendly emerging methods applicable to a variety of pollutants such as heavy metals, dyes, pesticides, and pharmaceuticals.[3–5] The former, simplest, and most popular EAOP is anodic oxidation (AO), where organics can be oxidized at the anode by hydroxyl radicals.[9] As the OER progresses, OH- is formed as the primary intermediate of water oxidation that further losses an electron on the surface of the anode and generates hydroxyl radical which is, as commented before, one of the most powerful oxidants generated in electrochemical systems. The selection of the electrode material strongly influences both selectivity and efficiency of processes. Traditionally anode materials used for wastewater treatment include lead and PbO2, graphite, boron-doped diamond (BDD) electrodes, and dimensionally stable anodes (DSA). DSA anodes typically use metal oxides based on precious metals such as Pt, Ru, or Ir. Less expensive metal oxides and mixed metal oxides such as CeO2, Co3O4, Al2O3, TiO2, NiO, MnO2, and MnO2-CeO2 show high catalytic activities towards oxidation and decomposition of organic compounds. The oxygen vacancies on such metal oxides have been identified as catalytically active sites.  We planned to revisit this concept with a totally new insight based on previous experience in battery and water electrolysis materials. Research activities will be oriented toward two essential components of the anodes; the electroactive material and the conductive substrates:
1. Metal oxides with oxygen vacancies as electrocatalysts: Low-cost metal oxides of interest as cathode materials in Li-ion batteries, such as Mn, Al, Fe, and Ni-based spinels and other layered oxides, will be explored by inducing oxygen vacancies in their structures in a similar way that Li intercalation does when they are used in the positive electrode of a Li-ion battery. Moreover, mixed metal oxides with perovskite structures such as manganites, ferrites, titanates, or cuprates, with a particular ability to incorporate oxygen vacancies will be also explored. Following this idea, various works have begun to focus on 3d-transition-metal-based catalysts, such as Co-oxide, layered hydroxides, perovskites, spinels, rock-salt type metal oxides, and lithium transition metal oxides, reporting high efficiency for OER. [6-8] Within this group, only LDHs have been previously tested as an anode for the electro-oxidation of pollutants from wastewater. In that study, Feng et al., showed very promising results by removing 90% of tetracycline hydrochloride from real river water using P-FeCoLDH/NF doped with copper nanodots. [9] 
2. 3D porous conductive substrates with anolyte flow-through configuration: We propose 3D substrates which have been used in redox flow batteries, water electrolyzers, and deionization systems to increase the contact surface between the electrode and the electrolyte, thus increasing the reaction rates. Besides, their porous structure will provide a highly specific surface to host the electroactive materials. A third and very important advantage is that they will facilitate a flow-through design of the anodic compartment, which is critical to building devices able to work with a continuous flow of anolyte.

References:
(1) Moreira, F. C.; Boaventura, R. A. R.; Brillas, E.; Vilar, V. J. P. Electrochemical Advanced Oxidation Processes: A Review on Their Application to Synthetic and Real Wastewaters. Appl. Catal. B Environ. 2017, 202, 217–261. https://doi.org/10.1016/j.apcatb.2016.08.037.
(2) Xie, J.; Zhang, C.; Waite, T. D. Hydroxyl Radicals in Anodic Oxidation Systems: Generation, Identification and Quantification. Water Res. 2022, 217, 118425. https://doi.org/10.1016/j.watres.2022.118425.
(3) Brillas, E.; Martínez-Huitle, C. A. Decontamination of Wastewaters Containing Synthetic Organic Dyes by Electrochemical Methods. An Updated Review. Appl. Catal. B Environ. 2015, 166–167, 603–643. https://doi.org/10.1016/j.apcatb.2014.11.016.
(4) Brillas, E.; Sirés, I. Electrochemical Removal of Pharmaceuticals from Water Streams: Reactivity Elucidation by Mass Spectrometry. TrAC Trends Anal. Chem. 2015, 70, 112–121. https://doi.org/10.1016/j.trac.2015.01.013.
(5) Rodrigo, M. A.; Oturan, N.; Oturan, M. A. Electrochemically Assisted Remediation of Pesticides in Soils and Water: A Review. Chem. Rev. 2014, 114 (17), 8720–8745. https://doi.org/10.1021/cr500077e.
(6)Kim, H.; Park, J.; Park, I.; Jin, K.; Jerng, S. E.; Kim, S. H.; Nam, K. T.; Kang, K. Coordination Tuning of Cobalt Phosphates towards Efficient Water Oxidation Catalyst. Nat. Commun. 2015, 6 (1), 8253. https://doi.org/10.1038/ncomms9253.
(7) Park, J.; Kim, H.; Jin, K.; Lee, B. J.; Park, Y.-S.; Kim, H.; Park, I.; Yang, K. D.; Jeong, H.-Y.; Kim, J.; Hong, K. T.; Jang, H. W.; Kang, K.; Nam, K. T. A New Water Oxidation Catalyst: Lithium Manganese Pyrophosphate with Tunable Mn Valency. J. Am. Chem. Soc. 2014, 136 (11), 4201–4211. https://doi.org/10.1021/ja410223j.
(8) Kanan, M. W.; Nocera, D. G. In Situ Formation of an Oxygen-Evolving Catalyst in Neutral Water Containing Phosphate and Co 2+. Science 2008, 321 (5892), 1072–1075. https://doi.org/10.1126/science.1162018.
(9) Feng, H.; Yu, J.; Tang, J.; Tang, L.; Liu, Y.; Lu, Y.; Wang, J.; Ni, T.; Yang, Y.; Yi, Y. Enhanced Electro-Oxidation Performance of FeCoLDH to Organic Pollutants Using Hydrophilic Structure. J. Hazard. Mater. 2022, 430, 128464. https://doi.org/10.1016/j.jhazmat.2022.128464.

	Objetivos: The main objective of this study is to develop efficient, low-cost, and long-duration anodes for the electro-oxidation of organic pollutants in wastewater. Targeted key performance indicators are: (1) current efficiency similar to boron-doped diamond (BDD) anodes; (2) cost similar to graphite, therefore cheaper than dimensionally stable anodes (DSA) and drastically cheaper than BDD anodes; and (3) service life similar or better than BDD, thus much longer than graphite and DSA anodes.

To accomplish this goal, the following specific objectives are proposed: 

O.1) Study of active electrode materials for electro-oxidation. active materials with different electronic structures such as Perovskites, spinels, layered double hydroxides, and high entropy oxides will be studied. the effect of different additives such as graphene oxide or carbon nanotubes to increase the stability of the electrodes will be explored. 
O.2) Study of 3D porous substrates. The use of 3D substrate provides a high surface area for the deposition of the active material, which leads to an increase in the number of active sites available for the oxidation of organic pollutants. Additionally, the 3D structure allows for improved mass transfer between the electrode and the wastewater, which further enhances the efficiency of the oxidation process.
O.3) Evaluate the physicochemical structure and electrochemical properties of the synthesized electrodes paying special attention to those characteristics that might impact the electro-oxidation performance
O.4) Design and optimized an Electrochemical Cell attending to the specific characteristics of the electro-oxidation process.
O.5) Analyze the performance of the electrodes by electro-oxidation experiments including the study of the operational parameters.  
O.6) Evaluate the potential of coupling electro-oxidation with other electrochemical processes such as CO2 fixation and hydrogen production

Milestones: 
1. Candidate materials for anode
2. Scale up of 1st-generation of electrodes for prototypes
3. Working prototypes for in situ characterization for EXAFS & XPS
4. Lab scale prototype completed
5. Start-up of the reactor (TRL5) validated on the wastewater treatment plant

	Plan Trabajo: To achieve the objectives proposed in the previous section, different studies described below will be developed. 
M.1) Methodology for studying active electrode materials for electro-oxidation:
- Synthesize different types of active electrode materials, including perovskites, spinels, layered double hydroxides, and high entropy oxides, using established protocols in the literature.
- Characterize the synthesized materials using techniques such as X-ray diffraction, scanning electron microscopy, and transmission electron microscopy to confirm their crystal structure, morphology, and chemical composition.
- Fabricate working electrodes using the synthesized materials and characterize their electrochemical behavior using cyclic voltammetry and electrochemical impedance spectroscopy and other electrochemical technics.
- Study the effect of different additives, such as graphene oxide or carbon nanotubes, on the stability of the electrodes by comparing the electrochemical behavior of electrodes with and without these additives.
- Optimize the synthesis and fabrication process based on the electrochemical behavior of the electrodes and the stability of the materials.

M.2) Methodology for studying 3D porous substrates:
- Purchase 3D porous substrates, such as metal foams or carbon-based materials.
- Characterize the synthesized substrates using techniques such as scanning electron microscopy, transmission electron microscopy, and nitrogen adsorption-desorption isotherms to confirm their morphology, porosity, and surface area.
- Fabricate working electrodes using the 3D porous substrates and characterize their electrochemical behavior using cyclic voltammetry and electrochemical impedance spectroscopy.
- Study the effect of the morphology and porosity of the 3D substrates on the efficiency of the oxidation process by comparing the electrochemical behavior of electrodes with different pore sizes and shapes.
- Optimize the synthesis and fabrication process based on the electrochemical behavior of the electrodes and the properties of the substrates.

M.3) Methodology for evaluating the physicochemical structure and electrochemical properties of the synthesized electrodes:
- Characterize the synthesized electrodes using techniques such as X-ray diffraction, scanning electron microscopy, and transmission electron microscopy to confirm their crystal structure, morphology, and chemical composition.
- Characterize the electrochemical behavior of the electrodes using cyclic voltammetry and electrochemical impedance spectroscopy to determine their electrochemical properties such as electron transfer rate, charge transfer resistance, and double-layer capacitance.
- Study the correlation between the physicochemical structure and electrochemical properties of the electrodes by analyzing the data obtained from the characterization techniques.
- Identify the key physicochemical properties that affect the electrochemical behavior of the electrodes and their performance in the electro-oxidation process.

M.4) Methodology for designing and optimizing an electrochemical cell for electro-oxidation:
- Design and fabricate an electrochemical cell that is suitable for the electro-oxidation process, considering the specific characteristics of the materials and the operational parameters.
- Characterize the electrochemical behavior of the electrochemical cell by monitoring the key parameters such as current density, potential, and resistance.
- Optimize the operational parameters of the electrochemical cell, such as flow rate, electrode spacing, and electrode material, based on the electrochemical behavior of the cell and the properties of the materials used.
- Test the performance of the electrochemical cell under different operational conditions and evaluate its efficiency in the electro-oxidation of organic pollutants.

M.5) Methodology for analyzing the performance of the electrodes by electro-oxidation experiments:
- Fabricate working electrodes using the optimized materials and substrates.
- Test the performance of the electrodes by conducting electro-oxidation experiments under different operational conditions, such as flow rate, pH, and initial pollutant concentration.
- COD and pollutant concentrations will be monitored during the experiments. Gas Chromatography will be employed to follow the evolution of the potential degradation products generated during the electro-oxidation.

M.6) Methodology to analyze the potential of a hybrid electrochemical cell
- Assemble a hybrid electrochemical cell using a promising anode materials and introducing different kind of cathode materials (commercial, photocathode,…). Study the best hydraulic and electrochemical configuration.
- Evaluate the potential for simultaneous pollutant removal in the anode compartment along with another electrochemical process operating at different current densities, flow rates and electrolyte compositions

Working Plan
1st Year: 
1.1. Small-scale synthesis of multi-metal oxide catalysts (months 1-4)
1.2. Scaling up the synthesis (months 5-6)
1.3. Electrode preparation + Design and preparation of 3D printed electrochemical flow cell (months 7-8)
1.4. Study the electrocatalytic activity of the prepared electrodes by physical and electrochemical characterizations. Evaluation of electrodes for organic pollutants removal + the effect of different operational conditions (current density, initial pH, initial phenol concentration, and flow rate) on the COD removal of the wastewater in the divided flow cell configuration (months 8-12)
2nd Year: 
2.1 Development of 3D substrate to maximize the electrode-solution contact. Different 3D substrates such as nickel foam, aluminum foam, reticulated vitreous carbon, and graphite felt as potential candidates (months 1-2)
2.2 Testing additives able to improve electrode robustness while keeping electrochemical performance. The addition of certain additives that provide positive effects increases the durability by providing more physical and electrochemical stability. (months 2-4)
2.3 Study the electrocatalytic activity of the Layered Double Hydroxide (LDH) electrodes by physical and electrochemical characterizations. Evaluation of electrodes for organic pollutants removal + the effect of different operational conditions (current density, initial pH, initial phenol concentration, and flow rate) on the COD removal of the wastewater in the divided flow cell configuration (months 4-8)
2.4 Study the electrocatalytic activity of the High Entropy Metal Oxide electrodes by physical and electrochemical characterizations. Evaluation of electrodes for organic pollutants removal (months 8-12)
3rd Year:
3.1 Assemble a hybrid cell using the synthesized anode material in combination with different cathode materials looking to couple different electrochemical processes such as pollutants degradation and hydrogen production, water treatment and CO2 fixation, etc. 
3.2. Evaluate the performance of the hybrid cell in
3.3 Scaling up the process into the TRL 6 technology
3.1. Impacto previsto
The proposed doctoral thesis has the potential to make significant contributions to the fields of electrochemical advanced oxidation processes and has a range of potential impacts. Through our research, we expect to generate novel insights into the anodic oxidation process, which can be applied to the wastewater treatment industry.
One potential application of our research is in using these novel electrodes for the removal of organic pollutants from wastewater. By understanding the effect of the electronic structure of multi-metal oxides, we can develop more efficient and cost-effective approaches to remove organic pollutants from wastewater, which could have significant benefits for the environment. Additionally, our research may have implications for alcohol oxidation to produce fuels, which we plan to explore in future studies.
In terms of innovation, our research utilizes a novel approach that combines battery materials and oxidation catalysts. By integrating these approaches, we believe that our research can offer new insights into the field, which may lead to new discoveries and innovations.
To disseminate the results of our research, we plan to publish our findings in reputable academic journals and present our work at relevant conferences and workshops. Additionally, we plan to collaborate with industry partners to develop practical applications for our research, and to engage with policymakers and other stakeholders to ensure that our work has a meaningful impact.
Overall, we believe that our proposed doctoral thesis has the potential to make significant contributions to the fields of electrochemical advanced oxidation processes and to have a range of practical applications and impacts. We are committed to disseminating our findings widely and engaging with stakeholders to ensure that our research has a meaningful impact on society. The project outcome will impact on the increase of the resilience of ecosystems and drinking water source supplies against the effect of organic pollutants.

	Bibliografia inicial: 
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	Impacto: The proposed doctoral thesis has the potential to make significant contributions to the fields of Electrochemical advance oxidation processes, and has a range of potential impacts. Through our research, we expect to generate novel insights into Anodic oxidation process, which can be applied to wastewater treatment industry.

One potential application of our research is in using these novel electrodes for removal of organic pollutants from wastewater. By understanding the effect of electronic structure of multi metal oxides, we can develop more efficient and cost-effective approaches to remove organic pollutants from wastewater, which could have significant benefits for environment. Additionally, our research may have implications for alcohol oxidation to produce fuels, which we plan to explore in future studies.

In terms of innovation, our research utilizes a novel approach that combines battery materials and oxidation catalysts. By integrating these approaches, we believe that our research can offer new insights into field, which may lead to new discoveries and innovations.
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