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Preface 

The European Conference on European Conference on Environmental Applications of 

Advanced Oxidation Processes (EAAOP) started in 2006. The first event was held in Chania, 

Greece, the second then in Nicosia, Cyprus in 2009, the third in Almeria, Spain in 2013 and finally 

the fourth in Athens, Greece in 2015. With each new conference the number of attendees and the 

range of countries represented has grown and now has reached over 275 participants from 42 

countries covering 4 continents for this year's EAAOP5 conference in Prague.   

The review panel composed of Scientific Committee (SC) members faced a difficult task in 

deciding who should give talks since the majority of the submitted 126 abstracts for oral 

presentation indicated highly attractive research topics. However, after the refereeing process, 

finally, the 65 slots for oral presentations (plus 16 keynote lectures) were filled. The remaining 

submissions were encouraged to be presented as a poster and there are more than 250 posters to be 

presented at the four poster sessions which will allow for slightly less formal, and possibly more 

fruitful discussions to take place. In addition, the conference will run four Student Paper 

Communication sessions consisting of 42 short oral talks of PhD students; these are a great way to 

see the up and coming rising stars in the field and are an important part of the conference. 

The conference program was subdivided into thirteen focused sessions, addressing the main 

areas of the current research in the field of Environmental Applications of Advanced Oxidation 

Processes: UV based processes, Semiconductor photocatalysis, Fenton and Fenton like processes, 

Ozonization, Electrochemical processes, Wet air oxidation, Zero-valent iron and other reducing 

agents, Disinfection, Pilot scale AOPs, AOPs for air treatment, AOPs for energy production, AOPs 

for water treatment, Coupling of AOPs with other processes. Spread evenly throughout the 

conference, four plenary speakers will bring more detailed insights to different key aspects of 

Advanced Oxidation Processes. The fact that all presented contributions, both oral and posters, can 

be submitted as full research papers to a special issue of Catalysis Today and Environmental 

Science and Pollution Research, has created a great deal of interest and should make for a great 

volumes of this journals. 

It is my great pleasure to welcome you all here in Prague and thank you for supporting the 

EAAOP conference series. Special thanks are due to the members of the Scientific Committee for 

their support and help with the abstract evaluation and for their active promotion of EAAOP5 over 

the world. I also thank the organising institution, University of Chemistry and Technology, Prague 

(UCT Prague) and companies which support this EAAOP5 meeting. 

Finally and personally I would like to express my thanks to the members of the local 

organising committee, especially to Hana Bartkov§ for her vital help with the organisation of 

EAAOP5 and Petr Pauġ for his valuable work on EAAOP5 website.  

 

 

Prague, June 2017 

 

Josef KrĨsa  

Organising Chair
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CONFERENCE TIMETABLE  

Sunday, 25
th

 June 2017 

15:00 - 19:00 Registration (HOTEL DAP)  

19:00 ï 20:30 WELCOME COCTAIL  (HOTEL DAP)  

 

Monday, 26
th

 June 2017 

CONFERENCE HALL A 

8:00 - 8:30 Registration (HOTEL DAP)  

8:30 - 8:40 WELCOME AND OPENING OF EAAOP5  

Josef KRħSA, Chair of EAAOP5, UCT Prague, Czech Republic 

Chair:  Ladislav KAVAN   

8:40 - 9:20 PL1: Ozonation for Enhanced Wastewater Treatment: Kinetics and Mechanisms for 

Micropollutant Abatement, Oxidation By-Product Formation and Toxicological 

Assessment 
Urs von GUNTEN, Swiss Federal Institute for Aquatic Science and Technology, Duebendorf, 

Switzerland 

9:30 - 17:25 PARALLEL SESSIONS 

CONFERENCE HALL A 

9:30 - 10:35 SESSION 2A: SEMICONDUCTOR PHOTOCATALYSIS      

Session Chair: Ladislav Kavan   

9:30 - 9:55 K1: The Role of EPR Spin Trapping Technique in the Characterization of Photogenerated 

Non-Persistent Radical Species: From Fundamentals to Prospects and Problems  

Vlasta BREZOVA, Slovak University of Technology in Bratislava, Bratislava, Slovakia 

9:55 - 10:15 O1: Improved Electron-Hole Separation/Migration in TiO2/Reduced Graphene Oxide 

Composites for Efficient Photocatalytic Decomposition of Bisphenol A  

Gregor ĢERJAV, National Institute of Chemistry, Ljubljana, Slovenia 

10:15 - 10:35 O2: TiO2-Graphene Photocatalytic Degradation of Perfluorooctanoic Acid (PFOA)  

Ane URTIAGA, University of Cantabria, Santander, Spain. 

10:35 - 11:05 COFFEE BREAK  

11:05 - 12:35 SESSION 2B: SEMICONDUCTOR PHOTOCATALYSIS      

Session Chair: Teruhisa OHNO    

11:05 - 11:30 K2: Photoelectroctrochemical Water Splitting at Titanium Dioxide: 50-Years-Old Evergreen  

Ladislav KAVAN, J. Heyrovsky Institute of Physical Chemistry, Prague, Czech Republic 

11:30 - 11:55 K3: Low Temperature Synthesis Routes to Mixed Metal Photocatalysts by Use of Ionic 

Liquids  

Michael WARK, Carl von Ossietzky University Oldenburg, Oldenburg, Germany 

11:55 - 12:15 O3: Carbon Nitride Based Materials as Highly Efficient Photocatalysts for Water Treatment 

Under VIS-LED Irradiation  

Joaquim L. FARIA, Universidade do Porto, Porto, Portugal 

5
th
 European Conference on  Prague, Czech Republic, June 25-29, 2017 

Environmental Applications of Advanced 

Oxidation Processes (EAAOP5) 
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12:15 - 12:35 O4: Carbon Nitride Nanosheets for the Selective Photocatalytic Partial Oxidation of 5-

Hydroxymethyl-2-Furfural to 2,5-Furandicarboxyaldehyde in Water Suspension  

Elisa Isabel GARCĉA-LčPEZ, University of Palermo, Palermo, Italy 

12:35 - 14:00 LUNCH   

14:00 - 15:25 SESSION 2C: SEMICONDUCTOR PHOTOCATALYSIS      

Session Chair: Michael WARK   

14:00 - 14:25 K4: Development of p-Type Semiconductor Electrodes for Photoelectrochemical CO2 

Reduction under Visible Light  

Teruhisa OHNO, Kyushu Institute of Technology, Fukuoka, Japan 

14:25 - 14:45 O5: The Synthesis of Shape-Tailored Zinc Oxide Nanostructures and Black-Box Modelling 

Approach of its Synthesis Procedure  

Zsolt PAP, University of Szeged, Szeged, Hungary 

14:45 - 15:05 O6: High Impulse Magnetron Sputtering of Black Titania Thin Films for 

Photoelectrochemical Water Splitting  

Stepan KMENT, Palacky University, Olomouc, Czech Republic 

15:05 - 15:25 O7: Enhanced Photocatalytic Efficiency of Self-Organized TiO2 Nanotube Layers due to 

Secondary Materials 

Hanna SOPHA, University of Pardubice, Pardubice, Czech Republic 

15:25 - 15:55 COFFEE BREAK    

15:55 - 17:25 SESSION 12&13: PILOT SCALE AOPs, AOPs FOR WATER TREATMENT  

Session Chair: Gilles MAILHOT    

15:55 - 16:20 K5: AOPs for Water Treatment: The Intriguing Role of the Matrix  

Dionissios MANTZAVINOS, University of Patras, Patras, Greece 

16:20 - 16:45 K6: Different Applications of Solar Photo-Fenton Process: Economical Approach and 

Comparison with Other AOPs  

Sixto MALATO, Plataforma Solar de Almer²a-CIEMAT, Almer²a, Spain 

16:45 - 17:05 O8: New Configurations for Solar Collectors Applied to Decontamination of Landfill 

Leachates by a Photo-Fenton Process  

V²tor VILAR, University of Porto, Porto, Portugal 

17:05 - 17:25 O9: Application of Electrolytic Processes with Diamond Anodes for the Oxidation of 

Imidazolium Ionic Liquids in Aqueous Phase  

Salvador COTILLAS, University of Castilla-La Mancha, Albacete, Spain 

CONFERENCE HALL B 

9:50 - 10:55 SESSION 3A: FENTON AND FENTON LIKE PROCESSES    

Session Chair: Sixto MALATO  

9:50 - 10:15 K7: Iron as an Abundant, Cheap, Non-Toxic and Versatile Catalyst for Solar-Assisted Water 

Disinfection at Near-Neutral pH  

Cesar PULGARIN, Ecole Polytechnique F®d®rale de Lausanne (EPFL), Lausanne, 

Switzerland 

10:15 - 10:35 O10: Effect of the Control Parameters on the Water-Color in a Photo-Fenton System Applied 

to Oxidate Paracetamol  

Natalia VILLOTA, Escuela Universitaria de Ingenier²a de Vitoria-Gasteiz, Alava, Spain 

10:35 - 10:55 O11: Wild Bacteria Inactivation in WWTP Secondary Effluents By Solar Photo-Fenton at 

Neutral pH in Raceway Pond Reactors 

Bel®n ESTEBAN GARCĉA, University of Almer²a, Almer²a, Spain 

10:55 - 11:15 COFFEE BREAK    



11 

11:15 - 12:55 SESSION 3B: FENTON AND FENTON LIKE PROCESSES    

Session Chair: Cesar PULGARIN 

11:15 - 11:35 O12: Accelerated Fenton-Like Degradation of Contaminants in Water ï an Fe-Pd-

Multicatalysis Approach 

Anett GEORGI, Helmholtz Centre for Environmental Research ï UFZ, Leipzig, Germany 

11:35 - 11:55 O13: Humic like Substances as Complexing Agents to Drive Near Neutral Photo-Fenton  

Antonio ARQUES, Universitat Polit¯cnica de Val¯ncia, Val¯ncia, Spain 

11:55 - 12:15 O14: Fenton-Based Technologies for Environmental Restoration of Emerging Pollutants  

Marta PAZOS, University of Vigo, Vigo, Spain 

12:15 - 12:35 O15: Double Flow-Through Jet Cell for the Electro-Fenton Process  

Christina SĆEZ, University of Castilla La Mancha, Ciudad Real, Spain 

12:35 - 12:55 O16: Pharmaceuticals Abatement by CWPO with Natural Magnetite in Real Aqueous 

Matrices  

Macarena MUNOZ, Universidad Aut·noma de Madrid, Madrid, Spain 

12:55 - 14:20  LUNCH    

14:30 - 15:25 SESSION 7: WET AIR AND SUPERCRITICAL OXIDATION PROCESSES   

Session Chair: Javier MARUGĆN     

14:30 - 14:55 K8: Catalytic High Temperature Processes (Wet-Air Oxidation) for Water Treatment  

Albin PINTAR, National Institute of Chemistry, Ljubljana, Slovenia 

14:55 - 15:15 O17: Synthesis of Iron Nanoparticles from Iron and Steel Wastes for the Catalytic Wet 

Oxidaton of Highly Refractory Wastewaters 

Paula OULEGO, University of Oviedo., Asturias, Spain 

15:15 - 15:35 O18: Rate of Hydrogen Oxidation in Supercritical Water  

Igor SVISHCHEV, Trent University, Peterborough, Canada 

15:35 - 15:55 COFFEE BREAK   

15:55 - 17:15 SESSION 5: OZONIZATION   

Session Chair: Urs von GUNTEN   

15:55 - 16:15 O19: Combined (Electrochemical) ClO2/Ozone ï a Promising Method for Water 

Disinfection  

Henry BERGMANN, Anhalt University, Bernburg, Germany 

16:15 - 16:35 O20: Ozonation-Assisted Technologies for Treatment of Produced Water from Oil and Gas 

Industry  

Sandra CONTRERAS, Universitat Rovira I Virgili, Tarragona, Spain 

16:35 - 16:55 O21: Tackling Toxicity in Ozonated Textile Wastewater for Enhanced Biological Treatment 

Huseyin SELCUK, Istanbul University, Istanbul, Turkey 

16:55 - 17:15 O22: Degradation of Orange II by Heterogeneous Catalytic Ozonation Using a Bimetallic 

Fe-Co/SBA-15 Catalyst in Water  

Chun CAI, China University of Geosciences, Wuhan, China 
 

 

CONFERENCE HALL A 

17:30 - 18:30 STUDENT PAPER COMMUNICATIONS I: Semiconductor photocatalysis 

Chair:  Joaquim L. FARIA, Petr DZIK  

18:30 - 20:00 POSTER SESSION I: Semiconductor photocatalysis (with refreshment) 
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Tuesday, 27
th

 June 2017 

CONFERENCE HALL A 

Chair:  Sylvie LACOMBE   

8:40 - 9:20 PL2: Multielectron Reduction of Oxygen in Photocatalysis: Kinetic Studies on 

Photocatalytic Oxidation of Organic Compounds by Bismuth Tungstate and the other 

Metal-Oxide Particles  
Bunsho OHTANI, Hokkaido University, Sapporo, Japan 

9:30 - 17:25 PARALLEL SESSIONS 

CONFERENCE HALL A 

9:30 - 10:35 SESSION 2D: SEMICONDUCTOR PHOTOCATALYSIS      

Session Chair: Sylvie LACOMBE   

9:30 - 9:55 K9: Photocatalyst Activity Indicator Inks: An Overview 

Andrew MILLS, Queens University Belfast, Belfast, United Kingdom 

9:55 - 10:15 O23: Development of a European Standard: Test Method for Water Purification Performance 

of Photocatalytic Materials by Measurement of Phenol Degradation 

Theodoros TRIANTIS, European Committee for Standardization, Attiki, Greece 

10:15 - 10:35 O24: An EPR Spin Trapping Study of Radical Intermediates Generated upon Photoexcitation 

of Glycerol in Titania Suspensions 

Zuzana BARBIERIKOVĆ, Slovak University of Technology in Bratislava, Bratislava, 

Slovakia 

10:35 - 11:05 COFFEE BREAK    

11:05 - 12:35 SESSION 2E: SEMICONDUCTOR PHOTOCATALYSIS      

Session Chair: Bunsho OHTANI    

11:05 - 11:30 K10: Photocatalytic Conversion of Cellulose in a Propeller Fluidised Photo Reactor-

Hydrogen Evolution Coupled with Fermentable Sugar Formation 

Peter ROBERTSON, Queens University Belfast, Belfast, United Kingdom 

11:30 - 11:55 K11: Photocatalysis by Sandwiched Composite Particles Comprising of Ag Core-SiO2-C3N4 

Shell 

Yaron PAZ, Department of Chemical Engineering, Technion, Haifa, Israel 

11:55 - 12:15 O25: Photocatalytic Oxidation of Organic Compounds over Uranyl Modified Oxides under 

Visible Light  

Denis KOZLOV, Boreskov Institute of Catalysis, Novosibirsk, Russia 

12:15 - 12:35 O26: Competitive Reactions of Alcohols as a Powerful Tool for Elucidation of Mechanisms 

of Hydrogen Photocatalytic Production  

Jesus HIDALGO CARRILLO, Universidad de C·rdoba, C·rdoba, Spain 

12:35 - 14:00 LUNCH    

14:00 - 15:50 SESSION 2F: SEMICONDUCTOR PHOTOCATALYSIS      

Session Chair: Andrew MILLS    

14:00 - 14:25 K12: A Brief Survey of the Practability of Using Photocatalysis to Purify Ambient Air 

(Indoors or Outdoors) or Air Effluents  

Pierre PICHAT, Ecole Centrale de Lyon, Ecully, France 

14:25 - 14:50 K13: Photocatalytic Transformation of C2Cl4 in Gas Phase under UV-Irradiated Titanium 

Dioxide  

Claudio MINERO, University of Torino, Torino, Italy 
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14:50 - 15:10 O17: Determination of the Clean Air Delivery Rate (CADR) of Photocatalytic Oxidation 

Purifiers for Indoor Air Pollutants Using a Closed-Loop Reactor  

Valerie HEQUET, GEPEA, Nantes, France 

15:10 - 15:30 O28: Problem of CO Formation During the Photocatalytic Oxidation of VOCs and the 

Approach to its Solving  

Dmitry SELISHCHEV, Boreskov Institute of Catalysis, Novosibirsk, Russia 

15:30 - 15:50 O29: The Influence of Curing Methods on the Physico-chemical Properties of Printed 

Mesoporous Titania Patterns Reinforced by Methylsilica Binder  

Petr DZIK, Brno University of Technology, Brno, Czech Republic 

15:50 - 16:20 COFFEE BREAK    

16:20 - 17:25 SESSION 14: AOPs FOR AIR TREATMENT  

Session Chair:  Peter ROBERTSON     

16:20 - 16:45 K14: Photocatalytic Air-Purifiers and Materials for Indoor Air: Comparison of Efficiency 

under European Standard and Real Conditions  

Sylvie LACOMBE, IPREM UMR CNRS, Pau, France 

16:45 - 17:05 O30: Oxidation of NOx by Photocatalysis Using TiO2, Au-TiO2, Pt-TiO2, Pd-TiO2 and Ni-

TiO2  

Elisenda PULIDO MELIĆN, Universidad de Las Palmas de Gran Canaria, Spain. 

17:05 - 17:25 O31: Kinetic Approach of the Photocatalytic Oxidation of Dichloromethane in a Coated 

Mesh Reactor  

Claudio PASSALIA, Universidad Nacional del Litoral, Santa Fe, Argentina 

 

CONFERENCE HALL B 

9:50 - 10:50 SESSION 13A: AOPs FOR WATER TREATMENT     

Session Chair: Dionissios MANTZAVINOS   

9:50 - 10:10 O32: Solar Photo-Fenton Process in Continuous Raceway Pond Reactors for Micropollutant 

Removal in WWTP Secondary Effluents, Comparison of Operating Conditions  

Jos® Antonio SĆNCHEZ P£REZ, University of Almer²a, Almer²a, Spain 

10:10 - 10:30 O33: Photocatalytic Degradation of Emerging Concern Contaminants in Water by 

Heterogeneous Sodium Decatungstate  

Alessandra MOLINARI, University of Ferrara, Ferrara, Italy 

10:30 - 10:50 O34: Application of Titania-Based Continuous-Microflow Photocatalysis in Water 

Detoxification  

Juan Carlos COLMENARES QUINTERO, Institute of Physical Chemistry (PAS), Warsaw, 

Poland 

10:50 - 11:10 COFFEE BREAK    

11:10 - 12:50 SESSION 13B: AOPs FOR WATER TREATMENT     

Session Chair: Luigi RIZZO    

11:10 - 11:30 O35: Gas-Phase Pulsed Corona Discharge in Treatment of Aqueous Solutions of High 

Conductivity: Quantification of Ozone and Hydroxyl Radical Impacts  

Sergei PREIS, South China University of Technology, Guangzhou, China 

11:30 - 11:50 O36: Insights into Degradation of Bisphenol A by Activating Peroxymonosulfate with 

ZnO.4MnO.6Fe2O4 Fabricated from Spent  

Heng LIN, Wuhan University, Wuhan, China 

11:50 - 12:10 O37: Ferrates(VI) ï Strong ĂGreenñ Oxidant for Environment  

Jan HIVES, Slovak University of Technology in Bratislava, Bratislava, Slovakia 
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12:10 - 12:30 O38: Decomposition of Fluoxetine and Fluvoxamine By Ferrate(VI)  

Przemysğaw DRZEWICZ, Polish Geological Institute-Polish Research Institute, Warszawa, 

Poland 

12:30 - 12:50 O39: Removal of the X-Ray Contrast Chemical Iopamidol from Tertiary Treated 

Wastewater: Investigation of Persulfate-Mediated Photochemical Treatment 

Idil ARSLAN-ALATON, Istanbul Technical University, Istanbul, Turkey 

12:50 - 14:20 LUNCH    

14:30 - 15:55 SESSION 10A: DISINFECTION     

Session Chair: Dionysios DIONYSIOU  

14:30 - 14:55 K15: Photocatalytic and Electrochemically Assisted Photocatalytic Disinfection of Water  

Tony BYRNE, Ulster University, Newtownabbey, United Kingdom 

14:55 - 15:55 O40: Differentiated Strategies of Hospital Wastewater Treatment by Advanced Oxidation 

Processes in Switzerland vs. Ivory Coast and Colombia  

Stefanos GIANNAKIS, Ecole Polytechnique F®d®rale de Lausanne (EPFL), Lausanne, 

Switzerland 

15:15 - 15:35 O41: Evaluation of Solar Water Disinfection Model for E. Coli Inactivation at Real Field 

Conditions  

Maria Inmaculada POLO-LčPEZ, Plataforma Solar de Almer²a ï CIEMAT, Tabernas, 

Spain 

15:35 - 15:55 O42: Novel Procedure for the Numerical Simulation of Solar Water Disinfection 

Javier MARUGĆN, Universidad Rey Juan Carlos, Madrid, Spain 

15:55 - 16:15 COFFEE BREAK    

16:15 - 17:15 SESSION 10B: DISINFECTION     

Session Chair: Henry BERGMANN     

16:15 - 16:35 O43: Ozonation of Giardia Duodenalis Cysts: Evaluation Using an Animal Model and a 

Molecular Approach  

Jos® Roberto GUIMARëES, University of Campinas, Campinas, Brazil 

16:35 - 16:55 O44: Wastewater Disinfection by Membrane Photoreactors Coupling Microfiltration with 

UV-C Disinfection  

Jorge RODRIGUEZ-CHUECA, Rey Juan Carlos University, M·stoles, Spain 

16:55 - 17:15 O45: N-Doped TiO2 Photocatalysts for Bacterial Inactivation in Water 

Danae VENIERI, Technical University of Crete, Chania, Greece 
 

 

CONFERENCE HALL A  

17:30 - 18:30 STUDENT PAPER COMMUNICATIONS II: UV based processes, Semiconductor 

photocatalysis, Fenton and Fenton-like processes  

Chair:  Pierre PICHAT, Martin ZLĆMAL   

18:30 - 20:00 POSTER SESSION II: UV based processes, Semiconductor photocatalysis, Fenton and 

Fenton-like processes 
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Wednesday, 28
th

 June 2017 

CONFERENCE HALL A 

Chair: Tony BYRNE   

8:40 - 9:20 PL3: Developments and Applications of Sulfate Radical-Based Advanced Oxidation 

Processes in Removal of Organic Contaminants  
Dionysios DIONYSIOU, University of Cincinnati, Cincinnati, USA 

9:30-13:05 PARALLEL SESSIONS 

CONFERENCE HALL A 

9:30 - 10:35 SESSION 1A: UV BASED PROCESSES     

Session Chair: Tony BYRNE    

9:30 - 9:55 K16: Fe(III) Complexes in Advanced Oxidation Processes: Advantages and Drawbacks  

Gilles MAILHOT, Universit® Clermont Auvergne, Clermont-Ferrand, France 

9:55 - 10:15 O46: Advanced Treatment of Urban Wastewater by Homogeneous Photocatalysis: A 

Comparison between UV/PAA and UV/H2O2  

Luigi RIZZO, University of Salerno, Fisciano, Italy 

10:15 - 10:35 O47: Efficient Photochemical Decomposition Of Trifluoroacetic Acid And Its Analogues 

With Electrolyzed Sulfuric Acid 

Hisao HORI, Kanagawa University, Hiratsuka, Japan 

10:35 - 11:05 COFFEE BREAK    

11:05 - 12:55 SESSION 1B: UV BASED PROCESSES      

Session Chair: Yaron PAZ    

11:05 - 11:25 O48: Photolytic Degradation of Trimethoprim Enhanced by Organic Aerogels  

Juri BOLOBAJEV, Tallinn University of Technology, Tallinn, Estonia 

11:25 - 11:45 O49: NOx Removal by Vacuum Ultra-Violet Light Irradiation in Flow Reactors  

Marco MINELLA, University of Torino, Torino, Italy 

11:45 - 12:05 O50: Understanding the UV/Cl2 Process for Drinking Water Treatment  

Peter JARVIS, Cranfield University, Cranfield, United Kingdom 

12:05 - 12:25 O51: Comparative Treatment of Penicillin, Cephalosporin and Fluoroquinolone Antibiotics 

in Waters by UV254 and UV254/Persulfate Processes  

Ricardo TORRES-PALMA, Universidad de Antioquia, Medellin, Colombia 

12:25 - 12:45 O52: Sulfamethazine Degradation by UV/H2O2 Process: Comparison of Photon Fluence 

Determination, Degradation Kinetics and Energy Consumption among Various Lightsources  

Mengkai LI, Research Center for Eco-Environmental Sciences (CAS), Beijing, China 

12:45 - 13:05 O53: Practical Applications and Market Developments 25 Years after the Discovery af TiO2 

Photocatalysis 

Jan PROCHĆZKA, Advanced Materials-JTJ, Czech Republic 

13:05 - 14:20 LUNCH    

CONFERENCE HALL B 

9:50 - 10:50 SESSION 6A: ELECTROCHEMICAL PROCESSES     

Session Chair: Albin PINTAR    

9:50 - 10:10 O54: Electrocoagulation Scaling-Up for Removal of Toxic Metals, Namely Cr
6+

 and Ni
2+

  

Pavel KRYSTYNĉK, Institute of Chemical Process Fundamentals of the CAS, Prague, Czech 

Republic 
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10:10 - 10:30 O55: Roles of Homogeneous and Heterogeneous ÅOH Radicals in an Advanced 

Electrochemical Treatment ï Towards Reactor Design Optimization  

Emmanuel MOUSSET, CNRS-Universit® de Lorraine, Nancy, France 

10:30 - 10:50 O56: Application of Electrochemical Oxidation Process to Waters Containing 

Organochlorine Pesticides from Lindane Production Wastes  

Carmen Mar²a DOMĉNGUEZ TORRE, Universidad Complutense de Madrid, Madrid, Spain 

10:50 - 11:10 COFFEE BREAK   

11:10 - 12:10 SESSION 6B: ELECTROCHEMICAL PROCESSES     

Session Chair: Denis KOZLOV    

11:10 - 11:30 O57: Elimination of Emergying Polutants by Means of Hydroxyl Radicals ï Experience 

from the Project Risk-Ident 

Chunyan LI, Condias GmbH, Itzehoe, Germany 

11:30 - 11:50 O58: Investigation of Electrochemical Process for Removal of Emerging Organic Pollutants 

in Wastewater Treatment Plant Effluents by a Boron-Doped Diamond Electrode  

Giuseppe MASCOLO, Water Research Institute, Bari, Italy 

11:50 - 12:10 O59: Degradation of Organic Compounds in Wastewater Matrix by Electrochemically 

Generated Reactive Chlorine Species: Kinetics and Selectivity  

Kangwoo CHO, Pohang University of Science and Technology, Pohang, Korea 

12:10 - 14:20 LUNCH  
 

 

CONFERENCE HALL A 

14:20 - 15:30 STUDENT PAPER COMMUNICATIONS III: Ozonization, Electrochemical 

processes, Wet air oxidation, Disinfection, Pilot scale AOPs, AOPs for air treatment 

Chair:  Danae VENIERI, Jos® Antonio SĆNCHEZ P£REZ 

15:30 - 16:00 COFFEE BREAK    

15:30 - 17:00 POSTER SESSION III: Ozonization, Electrochemical processes, Wet air oxidation, 

Zero-valent iron and other reducing agents, Disinfection, Pilot scale AOPs, AOPs for 

air treatment, AOPs for energy production 

 

19:00 - 23:00 CONFERENCE GALADINNER  ( VILA LANNA ) 
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Thursday, 29
th

 June 2017 

CONFERENCE HALL A 

Chair:  Andrew MILLS   

8:40 - 9:20 PL4: Semiconductor Electrochemical Wastewater Treatment: From Design Concepts 

to Full-Scale Manufacturing in 5 Years 
Michael HOFFMANN, California Institute of Technology, Pasadena, USA 

9.30 - 10:30 STUDENT PAPER COMMUNICATIONS IV: AOPs for water treat ment, Coupling of 

AOPs with other processes  

Chair:  Andrew MILLS, Vlasta BREZOVĆ  

10:30 - 11:00 COFFEE BREAK    

11:00 - 12:30 POSTER SESSION IV: AOPs for water treatment, Coupling of AOPs with other 

processes  

12:30 - 14:00 LUNCH    

14:00 - 15:20 SESSION 2G: SEMICONDUCTOR PHOTOCATALYSIS      

Session Chair: Michael HOFFMANN    

14:00 - 14:20 O60: Metal-Oxide Heterojunction CVD Films for Environmental Applications  

Raul QUESADA-CABRERA, University College London, London, United Kingdom  

14:20 - 14:40 O61: Treatment of Indoor Air by Non Thermal Plasma, Photocatalysis and 

Plasma/Photocatalysis at Pilot Scale-Case of Trichloromethane  

Abelkrim BOUZAZA, Institut des Sciences Chimiques de Renne, Rennes, France 

14:40 - 15:00 O62: Characterization of Thermally Treated Anatase TiO2 Supplemented by Oxygen 

Adsorption Measurements  

Marina KRICHEVSKAYA, Tallinn University of Technology, Tallinn, Estonia 

15:00 - 15:20 O63: Photocatalytic Silica-Titania Based Nanocomposite Paints  

Jan ĠUBRT, Institute of Inorganic Chemistry of the CAS, řeģ, Czech Republic 

15:20 - 15:50 COFFEE BREAK    

15:50 - 16:30 SESSION 17: COUPLING OF AOPs WITH OTHER PROCESSES    

Session Chair: V²tor VILAR    

15:50 - 16:10 O64: The Evaluation of Advanced Oxidation Processes for the Treatment of Effluents from 

Detergents-Manufacturing Industry  

Daphne HERMOSILLA, University of Valladolid, Valladolid, Spain 

16:10 - 16:30 O65: Evaluation of Natural Coagulant PGŬ21Ca Application Followed by Heterogeneous 

Photocatalysis on Tannery Wastewater Treatment  

Ana UEDA, Federal University of Technology, Paran§, Brazil 

16:30 - 16:50 STUDENT PAPER COMMUNICATIONS AWARDS    

16:50 FINAL REMARKS  
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STUDENT PAPER COMMUNICATION LIST  

STUDENT PAPER COMMUNICATION I: Semiconductor photocatalysis  

(26
th

 June 17:30 - 18:30) 

17:30 - 17:35 I-1 Blommaerts 

IMPROVED UV LIGHT EFFICIENCY USING A 

PHOTOCATALYTIC SPIRALED REACTOR DESIGN WITH A 

PLASMONIC TiO2 COATING 

17:35 - 17:40 I-2 Balayeva 

WO3-TiO2 BASED PHOTOCATALYSIS: TOWARD INDOOR 

AIR PURIFICATION UNDER VISIBLE-LIGHT 

ILLUMINATION.  

17:40 - 17:45 I-3 
M. C. M.  

Ribeiro 

Fe/Nb-BASED SOLAR PHOTOCATALYSTS: IMPACT OF 

DIFFERENT SYNTHESIS ROUTES ON MATERIAL 

PROPERTIES 

17:45 - 17:50 I-4 Mart²n-S·mer 

INFLUENCE OF LIGHT DISTRIBUTION ON THE 

PERFORMANCE OF PHOTOCATALYTIC REACTORS: LED 

VS MERCURY LAMPS 

17:50 - 17:55 I-5 Calin 

PHOTOOXIDATION OF DIFFERENT ENDOCRINE 

DISRUPTING CHEMICALS IN WASTEWATER USING ZINC 

OXYDE AS PHOTOCATALYST 

17:55 - 18:00 I-6 G. Vargas 
A COMPARATIVE STUDY OF TiO2 NANOTUBES 

SYNTHETIZED USING DIFFERENT METHODS 

18:00 - 18:05 I-7 Monfort 

PHOTOSPLITTING OF WATER AND 

PHOTODEGRADATION OF ORGANICS USING BISMUTH 

VANADATE/TITANIA PHOTOCATALYSTS 

18:05 - 18:10 I-8 Avella 

EVALUATION OF COPPER SLAG AS PHOTOCATALYST 

FOR GLYCEROL DEGRADATION WITH A SIMULTANEOUS 

HYDROGEN PRODUCTION 

18:10 - 18:15 I-9 Coronel 

INCORPORATION OF TITANIUM DIOXIDE AND COPPER 

ONTO SUPPORT MADE OF COMERCIAL ACTIVATED 

CARBON FOR PHENOL PHOTO-CATALYTIC 

DEGRADATION 

18:15 - 18:20 I-10 T·th 
SYNTHESIS AND PHOTOCATALYTIC ACTIVITY OF 

SILVER-HALIDE NANOPARTICLES 

 

  

5
th
 European Conference on  Prague, Czech Republic, June 25-29, 2017 

Environmental Applications of Advanced 

Oxidation Processes (EAAOP5) 
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STUDENT PAPER COMMUNICATION II : UV based processes, Semiconductor photocatalysis, Fenton 

and Fenton-like processes  

(27
th

 June 17:30 - 18:30) 

17:30 - 17:35 II -1 R§ez Tajuelo 

SYNTHESIS AND APPLICATION OF TiO2/NZVI 

NANOCOMPOSITES FOR THE PHOTOCATALITYC 

REMOVAL OF ARSENIC FROM AQUEOUS SYSTEMS 

17:35 - 17:40 II -2 Fodor 
SINTHESYS AND CHARACTERIZATION OF DIFFERENT 

SHAPED CuXO AND CuXS NANOCRYSTALS 

17:40 - 17:45 II -3 Tasbihi 
PHOTOCATALYTIC REDUCTION OF CO2 OVER Cu/TiO2 

PHOTOCATALYSTS 

17:45 - 17:50 II -4 Espindola 

AN INNOVATIVE  PHOTOREACTOR, FluHelik, TO PROMOTE 

UVC/H2O2 PHOTOCHEMICAL REACTIONS: 

OXYTETRACYCLINE DEGRADATION STUDIES 

17:50 - 17:55 II -5 Mart²nez Haya 
TYPE I VS TYPE II PHOTODEGRADATION OF 

POLLUTANTS 

17:55 - 18:00 II -6 Michael 

CAN SOLAR PHOTO-FENTON COMBINED WITH 

ACTIVATED CARBON ADSORPTION REMOVE 

ANTIBIOTICS, ANTIBIOTIC-RESISTANT BACTERIA AND 

TOXICITY FROM URBAN WASTEWATER 

18:00 - 18:05 II -7 Ayoub 

IRON IMPREGNATED ZEOLITE CATALYST FOR EFFICIENT 

REMOVAL OF MICROPOLLUTANTS AT VERY LOW 

CONCENTRATION FROM MEURTHE RIVER 

18:05 - 18:10 II -8 Ribeiro 

OPTIMIZATION OF MAGNETIC GRAPHITIC 

NANOCOMPOSITES FOR THE CATALYTIC WET PEROXIDE 

OXIDATION OF LIQUID EFFLUENTS FROM A 

MECHANICAL BIOLOGICAL TREATMENT PLANT FOR 

MUNICIPAL SOLID WASTE 

18:10 - 18:15 II -9 F. Mena 
BIODEGRADABILITY ENHANCEMENT OF IONIC LIQUIDS 

BY CWPO IN AQUEOUS PHASE 

18:15 - 18:20 II -10 G·mez Herrero REMOVAL OF IMIDAZOLIUM ILs BY FENTON OXIDATION 

18:20 - 18:25 II -11 Soriano-Molina 
KINETICS OF MICROPOLLUTANT REMOVAL BY SOLAR 

PHOTO-FENTON WITH FE(III)-EDDS AT NEUTRAL pH 
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STUDENT PAPER COMMUNICATION III: Ozonization, Electrochemical processes, Wet air oxidation, 

Pilot scale AOPs, Disinfection, AOPs for air treatment 

(28
th

 June 14:20 - 15:30) 

14:20 - 14:25 III -1 Cruz 

ASSESSING THE APPLICATION OF OZONE-BASED 

PROCESSES TO PRIORITY PESTICIDES REMOVAL FROM 

WATER AND WASTEWATER 

14:25 - 14:30 III -2 Gomes 
PARABENS DEGRADATION USING OZONE AND VOLCANIC 

ROCKS 

14:30 - 14:35 III -3 Van Hal 
HARVESTING ENERGY FROM AIR POLLUTION WITH AN UN-

BIASED GAS PHASE PHOTO-ELECTROCHEMICAL CELL 

14:35 - 14:40 III -4 
Garc²a-

Espinoza 

ELECTROCHEMICAL OXIDATION OF SULFAMETHOXAZOLE, 

PROPRANOLOL AND CARBAMAZEPINE IN AN OXYGEN 

OVER SATURED SOLUTION 

14:40 - 14:45 III -5 Zuxin 
HIGH PERFORMANCE AND DURABLE GRAPHENE-COATED 

CATHODE FOR ELECTRO-FENTON 

14:45 - 14:50 III -6 Santos 

CATALYTIC WET OXIDATION OF ORGANIC COMPOUNDS 

OVER DIFFERENT CARBON NANOTUBES IN BATCH AND 

CONTINUOUS OPERATION 

14:50 - 14:55 III -7 
Murillo -

Sierra 

SULFAMETHOXAZOLE MINERALIZATION BY SOLAR 

PHOTO-ELECTRO-FENTON PROCESS IN A PILOT PLANT 

14:55 - 15:00 III -8 Malvestiti 
JEWELRY CONTAMINANTION INFLUENCE ON MUNICIPAL 

WASTEWATER DISINFECTION BY UV/H2O2 

15:00 - 15:05 III -9 Escuadra 
DISINFECTION OF REAL URBAN TREATED EFFLUENTS BY 

PHOTOCATALYSIS WITH TITANIUM DIOXIDE 

15:05 - 15:10 III -10 
Garc²a-

Garay 

PILOT SCALE COMPARISON OF BALLAST WATER 

TREATMENTS BY SOLAR RADIATION-SRAD, UV, H2O2, 

UV/H2O2, UV/TiO2, UV/TiO2/H2O2, UV/TiO2/H2O2/SRAD 

15:10 - 15:15 III -11 Filho 

EFFECT OF ILLUMINATION MECHANISM AND LIGHT 

SOURCE IN HETEROGENEOUS TiO2 PHOTOCATALYSIS 

USING A MICRO-MESO-PHOTOREACTOR FOR n-DECANE 

OXIDATION AT GAS PHASE 

15:15 - 15:20 III -12 Weon 

METHOD TO PREVENT DEACTIVATION DURING 

PHOTOCATALYTIC VOC DEGRADATION: SURFACE 

MODIFICATION OF TiO2 WITH PLATINUM AND FLUORIDE 
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STUDENT PAPER COMMUNICATION IV: AOPs for water treatment, Coupling of AOPs with other 

processes 

(29
th

 June 9:30 - 10:30) 

9:30 - 9:35 IV-1 FoszpaŒczyk 
DEGRADATION OF MICRO-POLLUTANTS BY 

PHOTOSENSITIVE CHITOSAN BEADS 

9:35 - 9:40 IV-2 
Abdel-

Maksoud 

SAND SUPPORTED TiO2 IN A TRAY PHOTOREACTOR FOR 

EMERGING CONTAMINANTS REMOVAL 

9:40 - 9:45 IV-3 Ponce Robles 

ADVANCED ANALYTICAL TECHNIQUES APPLIED TO CORK 

BOILING WASTEWATER TREATMENT AND REUSE BY 

USING ADVANCED OXIDATION PROCESSES 

9:45 - 9:50 IV-4 Kattel 

PERSULFATE-BASED PHOTODEGRADATION OF BETA-

LACTAM ANTIBIOTIC AMOXICILLIN IN AQUEOUS 

MATRICES 

9:50 - 9:55 IV-5 Koo 

PHOTOELECTROCHEMICAL GENERATION OF ACTIVE 

CHLORINE SPECIES FOR WATER TREATMENT UNDER 

VISIBLE LIGHT IRRADIATION BY WO3 THIN FILM  

9:55 - 10:00 IV-6 
Pňziak-

Kowalska 

THE ELECTROCHEMICAL OXIDATION PROCESSES 

COMBINED WITH BIODEGRADATION APPLIED FOR 

REMOVAL OF HERBICIDAL IONIC LIQUIDS ï NEW 

POTENTIAL HAZARDS 

10:00 - 10:05 IV-7 
Cruz del 

Ćlamo 

EXPLORING ADVANCED STRATEGIES FOR THE IN-SITU 

TREATMENT OF REAL HOSPITAL WASTEWATERS 

10:05 - 10:10 IV-8 Liu 
DEGRADATION OF ACID ORANGE 7 BY AN 

ULTRASOUND/ZnO-GAC/PERSULFATE PROCESS 

10:10 - 10:15 IV-9 Tao 

HETEROGENEOUS ACTIVATION OF 

PEROXYMONOSULFATE BY ZINC-MEDIATED 

PHOTOCATALYSTS FOR THE DEGRADATION OF ORGANICS 
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POSTER SESSION I: Semiconductor photocatalysis 

(26
th

 June, 18:30 - 20:00) 

Posters have to be on boards in the morning on 26
th
 June and have to be removed until 8:00 on 27

th
 June.                 

Board number for each poster is shown in the third column.  

P2-1 Hong 1 
SYNTHESIS OF NEDDLE-LIKE BiVO4 WITH IMPROVED 

PHOTOCATALYTIC ACTIVITY UNDER VISIBLE LIGHT IRRADIATION 

P2-2 Hong 2 
SYNTHESIS OF PbMoO4 USING A SURFACTANT-ASSISTED 

HYDROTHERMAL METHOD AND THEIR PHOTOCATALYTIC ACTIVITY 

P2-3 Rivas 3 
PHOTOCATALYTIC OXIDATION OF DICHLOROACETIC ACID. PROCESS 

MODELLING 

P2-4 Davididou 4 
UVA-LED VS BLACKLIGHT IRRADIATION FOR THE PHOTOCATALYTIC 

TREATMENT OF SACCHARIN 

P2-5 Jaramillo-P§ez 5 
ZnO AND Pt-ZnO PHOTOCATALYSTS: CHARACTERIZATION AND 

PHOTO-CATALYTIC ACTIVITY ASSESSING BY MEAN OF THREE 

SUBSTRATES 

P2-6 Sieber 6 
EXCELLENT PHOTOCATALYTIC ACTIVITY UNDER VISIBLE LIGHT 

IRRADIATION OF ZTO/GRAPHENE NANOCOMPOSITES 

P2-7 Sieber 7 
ENHANCED SOLAR PHOTOCATALYTIC ACTIVITY OF ZINC OXIDE 

NANOCRYSTALS BY SODIUM DOPING 

P2-8 Hidalgo 8 
MONTE CARLO SIMULATION OF A FOUR BLACK LIGHT LAMPS 

PHOTOCATALYTIC REACTOR 

P2-9 
Ferreiro-

Santiso 
9 

ANALYSIS OF THE ADSORPTION MECHANISMS IN THE TiO2/UV 

PHOTOCATALYSIS TO DEGRADE BENZOTHIAZOLE AND ANILINE 

P2-10 Blommaerts 10 
IMPROVED UV LIGHT EFFICIENCY USING A PHOTOCATALYTIC 

SPIRALED REACTOR DESIGN WITH A PLASMONIC TiO2 COATING 

P2-11 Asadi 11 
PHOTOCATALYTIC DECOMPOSITION OF NON-STEROIDAL ANTI-

INFLAMMATORY DRUGS IN WATER OVER NS-TiO2: INTERMEDIATES 

IDENTIFICATION 

P2-12 Nemeckova 12 
BI-LAYER Ŭ-Fe2O3/TiO2 PHOTOANODES FOR ENERGY AND 

ENVIRONMENTAL APPLICATIONS 

P2-13 Fenoll 13 
PHOTOCATALYTIC DEGRADATION OF INSECTICIDES BY ZnO AND 

TiO2 COATED MAGNETIC NANOPARTICLES UNDER NATURAL 

SUNLIGHT 

P2-14 Satuf 14 
PHOTOCATALYTIC MICROREACTOR FOR INTRINSIC KINETIC 

ASSESSMENT 

P2-15 Satuf 15 
UV-A PHOTOCATALYTIC REMOVAL OF BIOAEROSOLS OVER TiO2-

COATED GLASS RINGS 

P2-16 Navarro 16 
PHOTOCATALYTIC OXIDATION OF ANTHRANILIC DIAMIDE 

INSECTICIDES IN AQUEOUS SLURRIES CONTAINING BINARY OXIDES 

OF Ti AND Zn 

P2-17 Navarro 17 
ZnO COATED MAGNETIC NANOPARTICLES: PREPARATION, 

CHARACTERIZATION AND PHOTOCATALYTIC DEGRADATION OF 

FUNGICIDES UNDER NATURAL SUNLIGHT 

P2-18 
V.A.S. 

Ribeiro 
18 

HETEROGENEOUS PHOTOCATALYSIS USING IMMOBILIZED TiO2 FOR 

THE TREATMENT OF DENIM LAUNDRY WASTEWATER 

5
th
 European Conference on  Prague, Czech Republic, June 25-29, 2017 

Environmental Applications of Advanced 

Oxidation Processes (EAAOP5) 
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P2-19 Wark 19 
YTTRIUM FERRITE/CARBON NITRIDE COMPOSITES FOR THE 

PHOTOCATALYTIC DEGRADATION WITH VISIBLE LIGHT 

P2-20 Mansilla 20 A SIMPLE METHOD TO PRODUCE ñBLACKò SEMICONDUCTORS 

P2-21 Krichevskaya 21 
STUDY OF GAS-PHASE PHOTOCATALYTIC ACTIVITY OF TITANIA THIN 

FILMS 

P2-22 
Kratofil 

Krehula 
22 

INFLUENCE OF SYNTHESIS CONDITIONS ON THE PHOTOCATALYTIC 

ACTIVITY OF POLYPYRROLE/ZINC OXIDE COMPOSITES 

P2-23 Klauson 23 
PHOTOCATALYTIC ACTIVITY OF QUENCHED FLAME-SYNTHESIZED 

TITANIA NANOPARTICLES 

P2-24 
Tolosana 

Moranchel 
24 

CHLOROPHENOLS AND NITROPHENOLS ABATEMENT BY 

HETEROGENEOUS PHOTOCATALYSIS IN AQUEOUS EFFLUENTS 

P2-25 Yeung 25 
PHOTOCATALYTIC WATER PURIFICATION BY USING NANOMATERIAL 

AND SOLAR REACTOR 

P2-26 Garc²a-L·pez 26 
ZrO2 BASED MATERIALS: PREPARATION, CHARACTERIZATION AND 

PHOTOCATALYTIC ACTIVITY FOR 2-PROPANOL OXIDATION AND CO2 

REDUCTION 

P2-27 Aviles-Garc²a 27 
INFLUENCE OF TUNGSTEN OR MOLYBDENUM DOPING 

CONCENTRATION ON THE PHOTOACTIVITY OF ANATASE TiO2 

P2-28 Ribao 28 
THE ROLE OF REACTIVE OXIDATIVE SPECIES IN THE 

PHOTOCATALYTIC ACTIVITY OF MODIFIED TiO2 CATALYSTS 

P2-29 Bednarczyk 29 

ROLE OF PLATINUM AND PALLADIUM DEPOSITS ON TITANIUM (IV) 

OXIDE PARTICLES IN THE PHOTOCATALYTIC DEGRADATION OF 

ORGANIC MATERIAL WHILE SIMULTANEOUS HYDROGEN 

PRODUCTION 

P2-30 Balayeva 30 
WO3-TiO2 BASED PHOTOCATALYSIS: TOWARD INDOOR AIR 

PURIFICATION UNDER VISIBLE-LIGHT ILLUMINATION.  

P2-31 
M.C.M. 

Ribeiro 
31 

Fe/Nb-BASED SOLAR PHOTOCATALYSTS: IMPACT OF DIFFERENT 

SYNTHESIS ROUTES ON MATERIAL PROPERTIES 

P2-32 Mart²n-S·mer 32 
INFLUENCE OF LIGHT DISTRIBUTION ON THE PERFORMANCE OF 

PHOTOCATALYTIC REACTORS: LED VS MERCURY LAMPS 

P2-33 Fernandes 33 
EVALUATION OF THE INCORPORATION METHOD OF TITANIUM 

EFFECT IN ZSM-5 BY PHOTOCATALITIC DEGRADATION IN SITU WITH 

MODEL MOLECULE 

P2-34 Souza 34 
PHOTOCATALYTIC PERFORMANCE OF MIXED CATALYSTS TiO2/Nb2O5 

AND ZnO/Nb2O5 APPLIED ON TEXTILE EFFLUENT TREATMENT 

P2-35 SmolnĨ 35 
APPLICATION OF UV LED/TiO2 HETEROGENEOUS PHOTOCATALYSIS 

FOR REMOVAL OF METHYL ORANGE DYE FROM CARBONATE 

CONTAMINED TEXTILE WASTEWATER 

P2-36 Fernandes 36 
PHOTOLYTIC REMOVAL OF SULFAMETHOXAZOLE UNDER UV-B 

RADIATION 

P2-37 Rimoldi 37 
HOW Sn AND Zn SPECIES AFFECT BOTH THE PHYSICOCHEMICAL 

PROPERTIES AND THE PHOTOCATALYTIC POWER OF N-DOPED NANO 

TITANIA.  

P2-38 Calin 38 
PHOTOOXIDATION OF DIFFERENT ENDOCRINE DISRUPTING 

CHEMICALS IN WASTEWATER USING ZINC OXYDE AS 

PHOTOCATALYST 

P2-39 Souza 39 
PHOTOCATALYTIC DEGRADATION OF BIODIESEL USING TiO2/H2O2 

AND GOETHITE/H2O2 

P2-40 G. Vargas 40 
A COMPARATIVE STUDY OF TiO2 NANOTUBES SYNTHETIZED USING 

DIFFERENT METHODS 
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P2-41 Kozlov 41 
TiO2CATALYSTS SUPPORTED WITH Pd NANOPARTICLES FOR UV-LED 

PHOTOCATALYTIC OXIDATION OF CARBON MONOXIDE 

P2-42 Ferrari Lima 42 
RESPONSE SURFACE ANALYSIS OF PHOTODEGRADATION OF TEXTILE 

WASTEWATER BY PEROVSKITE-TYPE PHOTOCATALYTS 

P2-43 Bianco Prevot 43 
EFFECT OF LIGHT AND TEMPERATURE ON THE CATALYTIC ACTIVITY 

OF Ce-DOPED STRONTIUM FERRATE IN DYES DEGRADATION. 

P2-44 
Hernandez 

Uresti 
44 

HYDROTHERMAL SYNTHESIS OF PbMoO4/BiVO4 AS A NOVEL 

HETEROJUNCTION PHOTOCATALYST WITH EFFICIENT 

PHOTODEGRADATION ACTIVITY UNDER SIMULATED SUNLIGHT 

IRRADIATION. 

P2-45 Rivas 45 
STABILITY OF TiO2-GRAPHENE CATALYSTS IN PHOTOCATALYTIC 

OZONATION 

P2-46 Koļ² 46 
PHOTOCATALYTIC DECOMPOSITION OF METHANOL OVER La/ TiO2 

PHOTOCATALYSTS 

P2-47 Gyulav§ri 47 
FACILE SOL-GEL SYNTHESIS FOR THE PREPARATION OF PEROXO 

GROUP ENHANCED HIGHLY VISIBLE LIGHT ACTIVE ANATASE 

TITANIUM DIOXIDES  

P2-48 Kuvarega 48 
TiO2/CARBON NANOHYBRIDS FOR PHOTOCATALYTIC DEGRADATION 

OF ORGANIC COMPOUNDS IN WATER 

P2-49 Monfort 49 
PHOTOSPLITTING OF WATER AND PHOTODEGRADATION OF 

ORGANICS USING BISMUTH VANADATE/TITANIA PHOTOCATALYSTS 

P2-50 
S§nchez-

Mart²nez 
50 

SONOCHEMICAL AND HYDROTHERMAL SYNTHESIS OF KBiO3: 

PHOTOCATALYTIC DEGRADATION OF ORGANIC POLLUTANTS AND 

OXIDIZING SPECIES STUDY 

P2-51 Kim 51 
DISTORTED STRUCTURE OF METAL FREE CARBON NITRIDE POLYMER 

WITH BENZENE DOPING FOR EFFICIENT PHOTOCATALYTIC ACTIVITY 

P2-52 Reli 52 
PHOTOCATALYTIC DECOMPOSITION OF N2O OVER g-C3N4/WO3 

PHOTOCATALYSTS 

P2-53 B§rdos 53 
THE SYNTHESIS AND PHOTOCATALYTIC PROPERTIES OF NOVEL BiOX 

NANOMATERIALS 

P2-54 Bahamonde 54 
PHOTO-CEMENTS WITH SELF-CLEANING PROPERTIES FOR NOx 

ABATEMENT: INFLUENCE OF TITANIA/SILICA COATINGS 

P2-55 Sz®kely 55 
ASSESMENT OF PHOTOCATALYTIC AND ORGANIC POLLUTANT 

DETECTION PROPERTIES OF TiO2-WO3 NANOCOMPOSITE SYSTEMS 

P2-56 Avella 56 
EVALUATION OF COPPER SLAG AS PHOTOCATALYST FOR GLYCEROL 

DEGRADATION WITH A SIMULTANEOUS HYDROGEN PRODUCTION 

P2-57 Coronel 57 
INCORPORATION OF TITANIUM DIOXIDE AND COPPER ONTO 

SUPPORT MADE OF COMERCIAL ACTIVATED CARBON FOR PHENOL 

PHOTO-CATALYTIC DEGRADATION 

P2-58 Ģener 58 
OPTIMIZATION OF NITROGEN AND SULFUR CONTENT IN DOPED AND 

CO-DOPED TITANIA THIN FILMS, ACTIVE UNDER VISIBLE LIGHT 

ILLUMINATION  

P2-59 K§sa 59 
SYNTHESIS OF MORPHOLOGY CONTROLLED BISMUTH VANADATE 

MICROCRYSTALS, AND THEIR PHOTOCATALYTIC ACTIVITY Ƅ THE 

EFFECT OF THE MATRIX pH 

P2-60 K§sa 60 
STUDY OF PHOTODEGRATADION INTERMEDIATES USING SPECIFIC 

TiO2-BASED NANOSTRUCTURES 

P2-61 Pal§cio 61 
PHOTOCATALYTIC DEGRADATION EVALUATION OF 

SULFAMETHOXAZOLE IN A CONTINUOS FLOW REACTOR USING 

ARTIFICIAL RADIATION  

P2-62 Pal§cio 62 
IMPREGNATION OF TiO2 IN SĉLICA FROM BRAZILIAN CHRYSOTILE: 

PREPARATION, CHARACTERIZATION AND APPLICATION AS A 

PHOTOCATALYST 
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P2-63 Ver®b 63 
PREPARATION AND CHARACTERIZATION OF ĂTiO2-Cñ HYBRIDE 

MATERIALS 

P2-64 T·th 64 
SYNTHESIS AND PHOTOCATALYTIC ACTIVITY OF SILVER-HALIDE 

NANOPARTICLES 

P2-65 T·th 65 
APPLICATION OF TiO2/WO3 COMPOSITES IN THE PHOTOCATALYTIC 

DEGRADATION OF DYE MOLECULES 

P2-66 Haspulat 66 
PHOTOCATALYTIC ACTIVITY OF ELECTROCHEMICALLY 

SYNTHESIZED Co DOPED POLYANILINE FILMS 

P2-67 Tsoumachidou 67 
DECOMPOSITION AND DETOXIFICATION OF THE INSECTICIDE 

THIACLOPRID BY HETEROGENEOUS PHOTOCATALYSIS 

P2-68 Hamdy 68 
OXYGEN-DEFECTED ZnO: SYNTHESIS, CHARACTERIZATION AND 

PHOTOCATALYTIC PERFORMANCE 

P2-69 Kedves 69 
HYDROTHERMAL SYNTHESIS OF HIERARCHICAL TiO2 

NANOSTRUCTURES AND THEIR PHOTOCATALYTIC PERFORMANCE 

P2-70 Kedves 70 
HYDROTHERMAL SYNTHESIS AND PHOTOCATALYTIC ACTIVITY OF 

TERNARY BiVO4, TiO2 AND WO3 COMPOSITE SYSTEMS 

P2-71 Espinoza 71 
DIRECT BLUE 1 DEGRADATION BY HETEROGENEOUS 

PHOTOCATALYSIS WITH IRRADIATED TITANIUM DIOXIDE 

 

 

POSTER SESSION II: UV based processes, Semiconductor photocatalysis, 

Fenton and Fenton like processes  

(27
th

 June, 18:30 - 20:00) 

Posters have to be on boards in the morning on 27
th
 June and have to be removed until 8:00 on 28

th 
June.                 

Board number for each poster is shown in the third column.  

P1-1 Nassar 1 
TRANSFORMATIONOF SULFAQUINOXALINE BY CHLORINE AND UV 

LIGHTS IN WATER: KINETICS AND BY-PRODUCTS IDENTIFICATION 

P1-2 Jiao 2 
UV IRRADIATED CORRUGATED PLATE PHOTOCATALYTIC 

REACTORS FOR DEGRADATION OF WATER-BOURNE TOXINS 

P1-3 Giannakis 3 
TREATMENT OF HOSPITAL WASTEWATERS BY THE UVC/H2O2/FE 

PROCESS: IMPLICATIONS OF PHARMACEUTICALS PRESENCE ON 

BACTERIAL AND VIRAL INACTIVATION KINETICS 

P1-4 Zhang 4 
MINERALIZATION OF ARTICIAL SWEETENER SUCRALOSE VIA UV/O3 

PROCESS 

P1-5 Beretsou 5 

ASSESSING THE POTENTIAL OF UV-C-DRIVEN OXIDATION TO 

REMOVE ANTIBIOTICS AND TOXICITY AND ITS CAPACITY TO 

INACTIVATE ANTIBIOTIC -RESISTANT BACTERIA FROM URBAN 

WASTEWATER 

P1-6 Tomaġeviĺ 6 IMPACT OF ORGANIC SOLVENTS TO PHOTOLYSIS OF METHOMYL 

P1-7 Zhou 7 
DEGRADATION OF ȸ2-ADRENOCEPTOR AGONISTS SALBUTAMOL 

AND TERBUTALINE BY UV-ACTIVTED PERSULFATE 

P1-8 Gmurek 8 
TOXICITY OF AQUEOUS MIXTURE OF PHENOL AND 

CHLOROPHENOLS UPON PHTOSENSITIZED OXIDATION INITIATED 

BY SUNLIGHT OR VIS-LAMP 

P1-9 Garc²a Mu¶oz 9 
CWPO-PHOTOASSISTED PROCESS WITH ILMENITE AS CATALYST. 

THE ROLE OF PH 

P1-10 Mosteo 10 
CAFFEINE DEGRADATION BY PHOTOCATALYSIS AND FENTON LIKE 

PROCESSES IN WWTP EFLUENTS 

P1-11 Frontistis 11 
DESTRUCTION OF PROPYL PARABEN BY PERSULFATE ACTIVATED 

BY UV-A-LIGHT EMITTING DIODES 
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P1-12 Espindola 12 
AN INNOVATIVE PHOTOREACTOR, FluHelik, TO PROMOTE UVC/H2O2 

PHOTOCHEMICAL REACTIONS: OXYTETRACYCLINE DEGRADATION 

STUDIES 

P1-13 Arslan-Alaton 13 
EFFECT OF INORGANIC AND ORGANIC SOLUTES ON ZERO-VALENT-

ALUMINUM -ACTIVATED HYDROGEN PEROXIDE AND PERSULFATE 

OXIDATION OF AQUEOUS BISPHENOL A 

P1-14 Mart²nez Haya 14 TYPE I VS TYPE II PHOTODEGRADATION OF POLLUTANTS 

P2-72 Kotrla 15 
PREPARATION OF DOPED HEMATITE LAYERS BY AEROSOL 

PYROLYSIS 

P2-73 Maniero 16 
PHOTOCATALYTIC DEGRADATION OF SULFONAMIDES IN 

DIFFERENT AQUEOUS MATRICES 

P2-74 Baudys 17 
TESTING OF PHOTOCATALYTIC PAINTS ï EFFECT OF ACCELERATED 

WEATHERING 

P2-75 Selishchev 18 
SELF-CLEANING MATERIAL BASED ON COTTON FABRIC FOR 

DECOMPOSITION OF AIR POLLUTANTS AND BACTERIA 

P2-76 Mantzavinos 19 
SOLAR PHOTOCATALYTC DEGRADATION OF PROPYL PARABEN IN 

Al/TiO 2 SUSPENSIONS 

P2-77 Natali Sora 20 
ENHANCED PHOTOCATALYTIC DEGRADATION OF IBUPROFEN IN 

AQUEOUS SOLUTION UNDER VISIBLE-LIGHT IRRADIATION: 

EFFECTS OF LaFeO3 AND CU-DOPED LaFeO3 

P2-78 R§ez Tajuelo 21 
SYNTHESIS AND APPLICATION OF TiO2/NZVI NANOCOMPOSITES FOR 

THE PHOTOCATALITYC REMOVAL OF ARSENIC FROM AQUEOUS 

SYSTEMS 

P2-79 Rosmaninho 22 
NICKEL MODIFIED NIOBIUM BASED MESOPOROUS CATALYSTS FOR 

PHOTOACTIVATED REACTIONS 

P2-80 Fodor 23 
SINTHESYS AND CHARACTERIZATION OF DIFFERENT SHAPED CuXO 

AND CuXS NANOCRYSTALS 

P2-81 Fodor 24 
PREPARATION OF TiO2-Cu AND TiO2-Cu-Pt NANOCOMPOSITES AND 

INVESTIGATING THEIR PHOTOCATALYTIC PROPERTIES 

P2-82 G. Kov§cs 25 
SYNTHESIS AND CHARACTERIZATION OF VERTICALLY ALLIGNED 

CARBON NANOTUBES AND CNT-WO3-BASED COMPOSITES 

P2-83 
M.C.M. 

Ribeiro 
26 

TOWARDS THE DEVELOPMENT OF TITANIUM DIOXIDE AND 

NIOBIUM PENTOXIDE SOLAR PHOTOCATALYTIC COATINGS FOR 

WATER TREATMENT 

P2-84 Vilar 27 
STRATEGIES TO OVERCOME MASS AND PHOTONS TRANSFER 

LIMITATIONS IN HETEROGENEOUS PHOTOCATALYTIC PROCESSES: 

HEXAVALENT CHROMIUM REDUCTION STUDIES 

P2-85 Olejn²ļek 28 

COMPARISON OF TWO METHODS OF BI- AND TRI- ALLOY LAYER 

PLASMA DEPOSITION - MONITORING OF PLASMA PARAMETERS AND 

DEPOSITED ALLOYS, ANODIZATION AND PHOTO-ELECTRO-

CHEMICAL CHARACTERIZATION 

P2-86 Pliģingrov§ 29 N-DOPED 2D-TITANIUM DIOXIDE NANOSHEETS 

P2-87 Franz 30 
ELECTROCHEMICAL PHOTOCATALYSIS ON NANOSTRUCTURED TiO2 

WIRE MESHES 

P2-88 Kusiak-Nejman 31 
HYBRID CARBON-TiO2 SPHERES: INVESTIGATION OF STRUCTURE, 

MORPHOLOGY AND SPECTROSCOPIC STUDIES 

P2-89 Zl§mal 32 
PREPARATION OF MIXED METAL OXIDE PHOTOANODES ON 

TRANSPARENT SUBSTRATE BY ANODIC OXIDATION 

P2-90 Bruncl²kov§ 33 
PREPARATION OF WO3 THIN FILMS USING PULSED PLASMA AND 

THEIR PHOTOELEKTROCHEMICAL PROPERTIES 

P2-91 
Hern§ndez 

Rodriguez 
34 

NOx OXIDATION WITH TiO 2 PHOTOCATALYSTS MODIFIED WITH 

PALLADIUM  

P2-92 
Tolosana 

Moranchel 
35 

ANALYSIS OF PHOTOCATALYTIC-MECHANISM IN THE 

PHOTODEGRADATION OF PESTICIDES OVER TITANIA CATALYSTS 

P2-93 Calin 36 
PHOTOCATALYTIC DEGRADATION OF PESTICIDES WITH 

ENDOCRINE DISRUPTOR ACTIVITY IN WASTEWATER USING 

DIFFERENT TiO2 SAMPLES 
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P2-94 Monfort 37 
PHOTOCATALYTIC ACTIVITY, PHOTOSTABILITY AND 

ANTIMOCROBIAL PROPERTIES OF SILVER PHOSPHATE AND ITS 

COMPOSITE WITH TITANIA 

P2-95 Mareļek 38 
APPLICATION OF FOAM CERAMICS PANELS AS PHOTOCATALYTIC 

FILTERS 

P3-1 Nanan 39 
PREPARATION OF MAGNETITE NANOPARTICLES AND THEIR 

APPLICATION AS CATALYST FOR DEGRADATION OF REACTIVE RED 

AZO DYE 

P3-2 Lomas 40 
ANALYSIS OF THE ORGANOLEPTIC PROPERTIES OF PARACETAMOL 

AQUEOUS SOLUTIONS OXIDATED WITH SONO-FENTON 

TECHNOLOGY 

P3-3 Lomas 41 
EFFECT OF THE AOP APPLIED TO OXIDATE PARACETAMOL IN THE 

ORGANOLEPTIC PROPERTIES OF TREATED WATER 

P3-4 Michael 42 
CAN SOLAR PHOTO-FENTON COMBINED WITH ACTIVATED CARBON 

ADSORPTION REMOVE ANTIBIOTICS, ANTIBIOTIC-RESISTANT 

BACTERIA AND TOXICITY FROM URBAN WASTEWATER 

P3-5 Pulgarin 43 
CAN SOLAR PHOTO-FENTON AND UVC/ H2O2 PROCESSES FIGHT THE 

SPREAD OF ANTIBIOTIC RESISTANCE- A MECHANISTIC STUDY 

P3-6 Lima 44 
APPLICATION OF THE FENTON PROCESS IN A BUBBLE COLUMN 

REACTOR FOR HYDROQUINONE DEGRADATION 

P3-7 Ayoub 45 
IRON IMPREGNATED ZEOLITE CATALYST FOR EFFICIENT REMOVAL 

OF MICROPOLLUTANTS AT VERY LOW CONCENTRATION FROM 

MEURTHE RIVER 

P3-8 Pazos 46 PREDNISOLONE DRUG DEGRADATION UNDER AOPS: OPTIMIZATION 

P3-9 Ribeiro 47 

OPTIMIZATION OF MAGNETIC GRAPHITIC NANOCOMPOSITES FOR 

THE CATALYTIC WET PEROXIDE OXIDATION OF LIQUID EFFLUENTS 

FROM A MECHANICAL BIOLOGICAL TREATMENT PLANT FOR 

MUNICIPAL SOLID WASTE 

P3-10 Esteves 48 
OPTIMIZATION OF FENTONôS PROCESS FOR OLIVE MILL 

WASTEWATER TREATMENT: FROM BATCH TO CONTINUOUS FLOW 

OPERATION 

P3-11 Garc²a Mu¶oz 49 FABRICATION OF 3D-PRINTED Fe-DOPED SiC CATALYSTS FOR CWPO 

P3-12 F. Mena 50 
BIODEGRADABILITY ENHANCEMENT OF IONIC LIQUIDS BY CWPO 

IN AQUEOUS PHASE 

P3-13 F. Mohedano 51 
STABILITY OF IRON CATALYSTS FROM SEWAGE SLUDGE FOR IONIC 

LIQUID WASTEWATER CWPO 

P3-14 Amat 52 
STUDY OF SOLAR PHOTO-FENTON AT DIFFERENT PH FOR REMOVAL 

OF CONTAMINANTS OF EMERGING CONCERN 

P3-15 Massa 53 
HETEROGENEOUS FENTON-TYPE TREATMENT OF AN INDUSTRIAL 

EFFLUENT FROM FOREST BIOMASS PROCESSING 

P3-16 Massa 54 
HETEROGENEOUS FENTON-LIKE OXIDATION OF SYNTHETIC 

PHENOLIC EFFLUENTS IN A CONTINUOS REACTOR, USING 

ALUMINA -BASED MATERIALS 

P3-17 
Ćlvarez-

Torrellas 
55 

BOOSTING THE ACTIVITY OF NATURALLY -OCCURRING MAGNETITE 

FOR CATALYTIC WET PEROXIDE OXIDATION 

P3-18 
Ćlvarez-

Torrellas 
56 

EXPLORING THE CATALYTIC PROPERTIES OF IRON AND NIQUEL 

SUPPORTED-ZEOLITES FOR THE REMOVAL OF CAFFEINE FROM 

HOSPITAL WASTEWATER 

P3-19 Munoz 57 
KINETICS OF IMIDAZOLIUM -BASED IONIC LIQUIDS DEGRADATION 

IN AQUEOUS SOLUTION BY FENTON OXIDATION 

P3-20 G·mez Herrero 58 REMOVAL OF IMIDAZOLIUM  ILs BY FENTON OXIDATION 

P3-21 Tomaġeviĺ 59 
DEGRADATION OF NICOSULFURON BY FENTON AND FENTON LIKE 

PROCESSES 

P3-22 Huang 60 
APPLICATION OF DIFFERENT NANOSIZED HEMATITES IN A NOVEL 

HETEROGENEOUS PHOTO-FENTON SYSTEM USING EDDS AS IRON 

CHELATING AGENT AT NEUTRAL PH 
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P3-23 Bianco Prevot 61 
UNVAILING THE EFFECT OF WASTE-DERIVED SUBSTANCES, IRON 

AND H2O2 CONCENTRATION ON THE PHOTO-FENTON DEGRADATION 

OF PENTACHLOROPHENOL 

P3-24 Soriano-Molina 62 
LOW CONSUMPTION LED AS RADIATION SOURCE FOR THE 

ELIMINATION OF INDUSTRIAL PESTICIDES BY THE PHOTO-FENTON 

PROCESS 

P3-25 Soriano-Molina 63 
KINETICS OF MICROPOLLUTANT REMOVAL BY SOLAR PHOTO-

FENTON WITH Fe(III)-EDDS AT NEUTRAL pH 

P3-26 Esteban Garc²a 64 
MICROPOLLUTANT DEGRADATION BY SOLAR HETEROGENEOUS 

PHOTO-FENTON AT NEUTRAL PH USING METALLURGICAL COPPER 

SLAG 

P3-27 Frontistis 65 
DEGRADATION OF ANTIBIOTICS BY BIOCHAR-ACTIVATED 

PERSULFATE 

P3-28 Mantzavinos 66 
DEGRADATION OF PROPYL PARABEN BY CX/Fe ACTIVATED 

PERSULFATE: INVESTIGATION OF SYNERGY EFFECTS 

P3-29 Mart²nez 67 
ECOFRIENDLY AND EFFECTIVE Fe-BTC CATALYST FOR FENTON-

LIKE PROCESSES IN THE REMOVAL OF AQUEOUS POLLUTANTS 

P3-30 Pintar 68 
ORDERED MESOPOROUS ALUMINA-SUPPORTED METAL OXIDES AS 

FENTON-LIKE CATALYSTS TOWARDS THE PEROXIDATION OF 

PHENOL 

P3-31 
Grisales-

Cifuentes 
69 

LIFE CYCLE ASSESSMENT, OPERATIONAL STRATEGIES AND 

MULTIVARIABLE ANALYSIS: KEY ELEMENTS FOR THE EVALUATION 

OF ECONOMIC AND ENVIRONMENTAL ASPECTS IN FENTON 

PROCESSES 

P3-32 
Grisales-

Cifuentes 
70 

INTENSIFICATION OF FENTON AND PHOTO-FENTON PROCESSES: 

HOW THE ECONOMIC AND ENVIRONMENTAL PERFORMANCE CAN 

AFFECT LARGE-SCALE APPLICATIONS IN TEXTILE INDUSTRY 

P3-33 Vicente 71 
ISOLATION, CHARACTERIZATION AND APPLICATION OF WASTE-

DERIVED HUMIC LIKE SUBSTANCES IN FENTON-LIKE PROCESSES 

P10-1 Moreno-Andr®s 72 
ISOLATION OF KLEBSIELLA PNEUMONIAE FROM MARINE SHRIMP 

FARMS AND ITS INACTIVATION BY ADVANCED OXIDATION 

PROCESSES 

P10-2 Moreno-Andr®s 73 
EFFECTS OF DIFFERENT PHOTOCHEMICAL TREATMENTS ON 

MARINE BACTERIA: INACTIVATION AND POST-TREATMENT 

EVALUATION  

 

 

POSTER SESSION III: Ozonization, Electrochemical processes, Wet air 

oxidation, Zero-valent iron and other reducing agents, Disinfection, Pilot scale 

AOPs, AOPs for air treatment, AOPs for energy production 

(28
th

 June, 15:30 - 17:00) 

Posters have to be on boards in the morning on 28
th
 June and have to be removed until 8:00 on 29

th
 June. .                 

Board number for each poster is shown in the third column.  

P5-1 Tsoi 1 
DECONTAMINATION OF SEA WATER USING PHOTOCATALYTIC 

OZONATION 

P5-2 Villota 2 
pH EFFECT ON THE OZONATION TREATMENT APPLIED TO OXIDATE 

DRUGS (PARACETAMOL, TRIMETHOPRIM, CIPROFLOXACIN) 

P5-3 Mart²n 3 
THE USE OF OZONE FOR TREATMENT OF LANDFILL LEACHATE IN 

COMBINATION WITH USUAL MICROBIOLOGICAL PROCESSES 

P5-4 Goi 4 
CATALYTIC OZONATION OF TRIMETHOPRIM IN AQUEOUS SOLUTION 

BY IN SITU GENERATED HYDROUS MANGANESE OXIDE 
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P5-5 Okten 5 
RECOVERY OF BIOLOGICALLY TREATED TEXTILE WASTEWATER BY 

OZONATION AND SUBSEQUENT ELECTRODIALYSIS MEMBRANE 

DESALINATION SYSTEM 

P5-6 Cruz 6 
ASSESSING THE APPLICATION OF OZONE-BASED PROCESSES TO 

PRIORITY PESTICIDES REMOVAL FROM WATER AND WASTEWATER 

P5-7 Jarvis 7 OZONATION MASS TRANSFER ENHANCEMENT WITH MICROBUBBLES 

P5-8 VeselĨ 8 
OZONOLYSIS OF AZO-DYES AS A WORKING PRINCIPLE FOR PRINTED 

DISPOSABLE OZONE DOSIMETER 

P5-9 Gomes 9 PARABENS DEGRADATION USING OZONE AND VOLCANIC ROCKS 

P6-1 Van Hal 10 
HARVESTING ENERGY FROM AIR POLLUTION WITH AN UN-BIASED 

GAS PHASE PHOTO-ELECTROCHEMICAL CELL 

P6-2 
Garc²a- 

Espinoza 
11 

ELECTROCHEMICAL OXIDATION OF SULFAMETHOXAZOLE, 

PROPRANOLOL AND CARBAMAZEPINE IN AN OXYGEN OVER 

SATURED SOLUTION 

P6-3 Cotillas 12 
HOW CAN BE AVOIDED THE FORMATION OF PERCHLORATES DURING 

ELECTROLYSIS WITH DIAMOND ANODES - COMPARISON OF 

STRATEGIES 

P6-4 Sanrom§n 13 
DEGRADATION OF PYRROLIDINIUM AND PHOSPHONIUM-BASED 

IONIC LIQUIDS BY ANODIC OXIDATION 

P6-5 Wang 14 
HIGH PERFORMANCE AND DURABLE GRAPHENE-COATED CATHODE 

FOR ELECTRO-FENTON 

P6-6 Mena 15 
ELECTROCHEMICAL REACTOR FOR THE ANODIZATION OF LARGE 

SIZE TITANIUM ELECTRODES 

P6-7 Ridruejo 16 
EFFECT OF OPERATION PARAMETERS ON THE REMOVAL OF 

TETRACAINE BY ELECTROCHEMICAL AOPS, ASSESSMENT OF 

REACTION BY-PRODUCTS AND EVOLUTION OF TOXICITY 

P6-8 Guelfi 17 
DEGRADATION OF THE HERBICIDE S-METOLACHLOR BY 

ELECTROCHEMICAL AOPS USING A BORON-DOPED DIAMOND ANODE 

P6-9 
Dom²nguez 

Torre 
18 

LINDANE DEGRADATION IN AQUEOUS MEDIUM BY ELECTRO-

FENTON PROCESS USING BDD ANODE AND CARBON FELT CATHODE 

P6-10 Cho 19 
REVISITING KINETICS AND MECHANISM OF ELECTROCHEMICAL 

CONVERSION OF AMMONIUM IONS IN WASTEWATER 

P6-11 Bergmann 20 
COMPARISON OF CHEMICAL OZONE-BASED ClO2 SYNTHESIS WITH 

ELECTROCHEMICAL CHLORINE DIOXIDE GENERATION 

P6-12 Ambauen 21 
ELECTROCHEMICAL OXIDATION OF LANDFILL LEACHATE ï

DEGRADATION PEROFMANCE OF SALICYLIC ACID UNDER NORDIC 

CLIMATE CONDITIONS USING ACTIVE AND NON-ACTIVE ANODES 

P6-13 Diban 22 
ELECTROCHEMICAL MINERALIZATION OF NAPHTHENIC ACIDS 

MODEL SOLUTION ON BORON-DOPED DIAMOND ANODES 

P7-1 Santos 23 
CATALYTIC WET OXIDATION OF ORGANIC COMPOUNDS OVER 

DIFFERENT CARBON NANOTUBES IN BATCH AND CONTINUOUS 

OPERATION 

P9-1 AndrĨskov§ 24 
SPECTROSCOPIC CHARACTERIZATION OF THE REDUCTION 

MECHANISM OF CHROMIUM(VI) BY NZVI 

P9-2 Starling 25 
THE FEASIBILITY OF SIDERURGICAL WASTE AS SOURCE OF ZERO 

VALENT IRON TO TREAT ARSENIC CONTAMINATED WATER UNDER 

OXIC AND ANOXIC CONDITIONS ï LABORATORIES BATCH TESTS 

P9-3 Weidlich 26 
DEGRADATION OF (POLY)CHLORINATED BENZENES AND BIPHENYLS, 

THE COMPARISON ON EFFICIENCY OF CHEMICAL OXIDATION AND 

REDUCTION 

P10-3 
Nahim-

Granados 
27 

SOLAR WATER TREATMENTS FOR FRESH-CUT PRODUCE INDUSTRY: 

SANITATION AND REDUCTION OF THE WATER CONSUMPTION 

P10-4 
Rodriguez-

Chueca 
28 

COMPARISON OF SULPHATE AND HYDROXYL RADICALS FOR 

MICROBIAL INACTIVATION AND REMOVAL OF EMERGING 

MICROPOLLUTANTS 
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P10-5 Clemente 29 
EVALUATION OF BACTERIAL INACTIVATION KINETICS USING AN 

AMBIENT LIGHT ACTIVATED PHOTOCATALYTIC ANTIMICROBIAL 

COATING 

P10-6 
Rodr²guez 

Gonz§lez 
30 

EFFECTIVE PHOTOINACTIVATION OF THE PLANT PATHOGENIC 

PSEUDOMONAS SYRINGE BY USING SILVER-TITANATE NANOTUBES 

P10-7 Mart²n-S·mer 31 
WAVELENGHT DEPENDENCE OF THE EFFICIENCY OF 

PHOTOCATALYTIC AND PHOTO-FENTON BACTERIAL INACTIVATION 

P10-8 Malvestiti 32 
JEWELRY CONTAMINANTION INFLUENCE ON MUNICIPAL 

WASTEWATER DISINFECTION BY UV/H2O2 

P10-9 Escuadra 33 
DISINFECTION OF REAL URBAN TREATED EFFLUENTS BY 

PHOTOCATALYSIS WITH TITANIUM DIOXIDE 

P10-10 Vesel§ 34 
PRINTED ELECTRODES FOR ELECTROPHOTOCATALYTIC 

DISINFECTION OF WATER 

P10-11 Zammit 35 
DISINFECTION EFFICIENCY OF SELECTED PHOTOCATALYSTS ON 

WWTP INDIGENOUS E. COLI 

P10-12 Venieri 36 
PILOT SCALE APPLICATION OF SOLAR PHOTOCATALYSIS FOR 

WASTEWATER DISINFECTION 

P10-13 Kaliakatsos 37 
WASTEWATER DISINFECTION BY MEANS OF SOLAR 

PHOTOCATALYSIS USING METAL-DOPED TiO2 SEMICONDUCTORS IN 

PILOT SCALE APPLICATION 

P10-14 Torres-Palma 38 
ROLE OF DISSOLVED ORGANIC MATTER DURING THE INACTIVATION 

OF E-COLI BY SEVERAL SOLAR PHOTOCHEMICAL METHODS: 

SUNLIGHT, HɁ/H2O2 AND NEAR NEUTRAL PHOTO-FENTON 

P10-15 Garc²a-Garay 39 
PILOT SCALE COMPARISON OF BALLAST WATER TREATMENTS BY 

SOLAR RADIATION-SRAD, UV, H2O2, UV/H2O2, UV/TiO2, UV/TiO2 /H2O2, 

UV/TiO2/H2O2/SRAD 

P12-1 Garc²a-Garay 40 
ZOOPLANKTON SENSIBILITY AND PHITOPLANKTON REGROWTH FOR 

BALLAST WATER TREATMENT WITH ADVANCED OXIDATION 

PROCESSES 

P12-2 Gomez-Motos 41 
DEGRADATION OF EMERGENT CONTAMINANTS DURING THE 

BIOLOGICAL AND ULTRAFILTRATION TREATMENTS OF A WWTP 

EFFLUENT 

P12-3 Fenoll 42 

PHOTOOXIDATION OF 14 PESTICIDES, COMMONLY USED ON 

VEGETABLES, VINES, CITRUS AND STONE FRUIT CROPS, IN AGRO-

WASTE WATER USING Na2S2O8 AND TiO2/Na2S2O8 UNDER NATURAL 

SUNLIGHT 

P12-4 Murillo -Sierra 43 
SULFAMETHOXAZOLE MINERALIZATION BY SOLAR PHOTO-

ELECTRO-FENTON PROCESS IN A PILOT PLANT 

P12-5 Rivero 44 
CONCEPTUAL DESIGN OF A PHOTOCATALYTIC LED REACTOR FOR 

GREY WATER TREATMENT 

P12-6 Salvadores 45 
SCALING UP OF INDOOR AIR PURIFICATION APPLYING 

PHOTOCATALYTIC WALL PAINT 

P12-7 Starling 46 
DEGRADATION OF CARBENDAZIM IN WATER BY SOLAR PHOTO-

FENTON IN A RACEWAY POND REACTOR 

P14-1 Vega 47 
REGENERATION OF ODOROUS COMPOUNDS-SATURATED ACTIVATED 

CARBON USING HYDROGEN PEROXIDE 

P14-2 Filho 48 
EFFECT OF ILLUMINATION MECHANISM AND LIGHT SOURCE IN 

HETEROGENEOUS TiO2 PHOTOCATALYSIS USING A MICRO-MESO-

PHOTOREACTOR FOR n-DECANE OXIDATION AT GAS PHASE 

P14-3 Troppov§ 49 
THE ELIMINATION OF THE WASTE AIR EMISSIONS BY 

PHOTOCHEMICAL OXIDATION 

P14-4 Weon 50 
METHOD TO PREVENT DEACTIVATION DURING PHOTOCATALYTIC 

VOC DEGRADATION: SURFACE MODIFICATION OF TiO2 WITH 

PLATINUM AND FLUORIDE 
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P14-5 Montecchio 51 
FLUID DYNAMICS AND REACTION MODELING OF UV REACTORS FOR 

ODOR AND VOC-S ABATEMENT APPLICATIONS 

P14-6 
Cabrera-

Codony 
52 

AOP-DRIVEN FOR THE REGENERATION OF SILOXANE-EXHAUSTED 

INORGANIC ADSORBENTS 

P16-1 Kment 53 
METAL DOPED BiVO4 THIN FILMS AS EFFICIENT PHOTOANODES FOR 

PHOTOELECTROCHEMICAL WATER SPLITTING 

P16-2 
Rodr²guez 

Gonz§lez 
54 

WATER SPPLITING HYDROGEN PRODUCTION BY STRONTIUM 

TITANATE NANOCUBES. 

P16-3 Tasbihi 55 
PHOTOCATALYTIC REDUCTION OF CO2 OVER Cu/TiO2 

PHOTOCATALYSTS 

P16-4 Mart²nez 56 
IMPROVEMENT OF METHANE POTENTIAL FROM PURPLE 

PHOTOTROPHIC BACTERIA BIOMASS BY ADVANCED OXIDATION 

PRE-TREATMENTS 

P16-5 Kmentova 57 
THERMAL SULFIDATION OF Fe2O3 HEMATITE TO FeS2 PYRITE THIN 

ELECTRODES: CORRELATION BETWEEN SURFACE MORPHOLOGY 

AND PHOTOELECTROCHEMICAL ACTIVITY 

 

 

POSTER SESSION IV: AOPs for water treatment, Coupling of AOPs with 

other processes  

(29
th

 June, 11:00 - 12:30) 

Posters have to be on boards in the morning on 29
th
 June. 

Board number for each poster is shown in the third column.  

P13-1 R·zsa 1 
TRANSFORMATION OF THIACLOPRID IN AQUEOUS SOLUTIONS BY 

RADIATION PROCESSES 

P13-2 Ferrari Lima 2 
OXIDATIVE DEGRADATION OF METHYLENE BLUE IN AQUEOUS 

ELECTROLYTE INDUCED BY PLASMA FROM A DIRECT GLOW 

DISCHARGE 

P13-3 FoszpaŒczyk 3 
DEGRADATION OF MICRO-POLLUTANTS BY PHOTOSENSITIVE 

CHITOSAN BEADS 

P13-4 
Abdel-

Maksoud 
4 

SAND SUPPORTED TiO2 IN A TRAY PHOTOREACTOR FOR EMERGING 

CONTAMINANTS REMOVAL 

P13-5 Liu 5 
DEGRADATION OF ACID ORANGE 7 BY AN ULTRASOUND/ZnO-

GAC/PERSULFATE PROCESS 

P13-6 Rodrigues 6 
OPTIMIZED DYE-HOUSE WASTEWATER TREATMENT BY PHOTO-

ASSISTED WET PEROXIDE OXIDATION USING A GOLD SUPPORTED 

ON ALUMINA CATALYST  

P13-7 Yuan 7 
RAPID OXIDATION OF ORGANIC CONTAMINANTS BY COBALT(II) 

CATALYZED SULFITE AT ALKALINE PH 

P13-8 Sanroman 8 
ELECTRO-FENTON AS PLAUSIBLE ALTERNATIVE TECHNOLOGY FOR 

THE DEGRADATION OF IMIDAZOLINIUM-BASED IONIC LIQUIDS 

P13-9 San Mart²n 9 
MINERALIZATION OF ANILINE USING HYDROXIL/SULFATE 

RADICAL-BASED TECHNOLOGY 

P13-10 San Mart²n 10 
DEGRADATION OF DICLOFENAC IN AQUEOUS SOLUTION BY 

PERSULFATE ACTIVATED WITH ULTRASOUND 

P13-11 Mbiri  11 
PHOTOCATALYTC DEGRADATION OF CHLORIDAZON ON 

MESOPOROUS TITANIA/ZIRCONIA NANOCOMPOSITES 

P13-12 Ģerjav 12 
CATALYTIC WET AIR OXIDATION OF BISPHENOL A SOLUTION IN A 

TRICKLE-BED REACTOR OVER SINGLE TiO2 POLYMORPHS AND 

THEIR MIXTURES 

P13-13 Amat 13 
DEGRADATION OF EIGHT PHENOLIC COMPOUNDS: A COMPARISON 

BETWEEN OZONISATION AND OZONISATION UVA-VIS 

COMBINATION 
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P13-14 Zaj²ļek 14 
SLOW-RELEASE FERRATE(VI) COMPOSITES FOR GROUNDWATER 

AND WASTEWATER OXIDATIVE TREATMENT 

P13-15 Klauson 15 
COMPARISON OF DIFFERENT ADVANCED OXIDATION PROCESSES 

FOR SULPHAMETHIZOLE DEGRADATION: PROCESS APPLICABILITY 

STUDY AT mg L-1 LEVEL AND SCALE-DOWN TO Õg L-1 LEVEL 

P13-16 Contreras 16 
APPLICATION OF ADVANCED OXIDATION PROCESSES FOR THE 

POLISHING OF PRODUCED WATER 

P13-17 Marco 17 
PHOTO-FENTON TREATMENT OF PROPANONOL AT 

CIRCUMNEUTRAL PH 

P13-18 Marco 18 
A STUDY OF ADVANCED OXIDATION PROCESSES FENTON AND 

PHOTO-FENTON IN THE DEGRADATION OF ɓ-BLOCKER 

METOPROLOL IN REAL WASTEWATERS 

P13-19 Albahaca 19 BEZAFIBRATE REMOVAL WITH DIFFERENT AOPS AT NEUTRAL pH 

P13-20 Kolarik 20 
REMOVAL OF METAL IONS BY FERRATE(VI) ï FROM LAB-SCALE 

EXPERIMENTS TO PILOT-SCALE TESTS 

P13-21 Kattel 21 
PERSULFATE-BASED PHOTODEGRADATION OF BETA-LACTAM 

ANTIBIOTIC AMOXICILLIN IN AQUEOUS MATRICES 

P13-22 Trousil 22 
UV-A LED HETEROGENEOUS PHOTOCATALYSIS OF 

PHARMACEUTICAL RESIDUES: OPTIMALIZATION OF THE PROCESS 

AND EFFECT OF MATRICES 

P13-23 Tao 23 
HETEROGENEOUS ACTIVATION OF PEROXYMONOSULFATE BY 

ZINC-MEDIATED PHOTOCATALYSTS FOR THE DEGRADATION OF 

ORGANICS 

P13-24 Ponce Robles 24 
ADVANCED ANALYTICAL TECHNIQUES APPLIED TO CORK BOILING 

WASTEWATER TREATMENT AND REUSE BY USING ADVANCED 

OXIDATION PROCESSES 

P13-25 Georgi 25 
TRAP-OX Fe-ZEOLITES FOR IN-SITU SORPTION AND OXIDATION OF 

ORGANIC CONTAMINANTS IN GROUNDWATER 

P13-26 Gmurek 26 
COMPARITION OF PHOTOCATALITIC AND PHOTOSENSITIZED 

OXIDATION OF HAZARDOUS AQUEOUS CONTAMINANTS UNDER 

NATURAL SUNLIGHT 

P13-27 Kov§cs 27 
THE EFFECT OF OILY FEED SOLUTION IONIC STRENGTH ON THE 

FOULING OF NEAT AND TiO2 COATED POLYMERIC MEMBRANES 

P13-28 Kov§cs 28 
MATRIX EFFECT IN CASE OF PURIFICATION OF OILY WATERS BY 

MEMBRANE SEPARATION COMBINED WITH PRE-OZONATION 

P13-29 
Martin-

Martinez 
29 

CARBON NANOTUBES AS CATALYSTS FOR WET PEROXIDE 

OXIDATION: THE EFFECT OF SURFACE CHEMISTRY 

P13-30 
Martin-

Martinez 
30 

CHEMICAL-ACTIVATED CARBONS SYNTHESIZED FROM PEACH 

STONES FOR METAL-FREE CATALYTIC WET PEROXIDE OXIDATION 

P13-31 Rodr²guez 31 
PREPARATION OF IMMOBILIZED TiO2 CATALYSTS AND THEIR 

APPLICATION IN OZONE-BASED AOPs 

P13-32 Rodr²guez 32 
IMPACT OF TiO2/UVA PHOTOCATALYSIS ON THM FORMATION 

POTENTIAL 

P13-33 Malato 33 

EDDS AS COMPLEXING AGENT FOR ENHANCING SOLAR ADVANCED 

OXIDATION PROCESSES TO DEGRADE MICRO-CONTAMINANTS IN 

NATURAL WATER: ASSESSMENT OF IRON SPECIES AND OXIDANT 

AGENTS 

P13-34 Muff  34 
AOP FEASIBILITY STUDY FOR TREATMENT OF EFFLUENT FROM 

BIOCRUDE PRODUCTION 

P13-35 Koo 35 
PHOTOELECTROCHEMICAL GENERATION OF ACTIVE CHLORINE 

SPECIES FOR WATER TREATMENT UNDER VISIBLE LIGHT 

IRRADIATION BY WO3 THIN FILM  

P13-36 Pauġov§ 36 
PHOTOELECTROCATALYTIC REMOVAL OF THIABENDAZOLE ON 

NANOSTRUCTURED TiO2 PHOTOANODES USING UV LED AND SOLAR 

LIGHT 

P13-37 Passalia 37 
ADVANCED OXIDATION OF ACETAMINOPHEN IN WATER BY THE 

UV/H2O2 PROCESS 
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P13-38 Rosmaninho 38 
USE OF WASTE ELECTRICAL AND ELECTRONIC EQUIPMENT 

COMPOSITE AS PROMISSING CATALYSTS IN ADVANCED OXIDATIVE 

PROCESSES 

P13-39 Audino 39 
LIGHT POWER AND HYDROGEN PEROXIDE CONCENTRATION 

INFLUENCE ON THE PHOTO-FENTON AND H2O2/UV EFFICIENCY FOR 

PARACETAMOL REMOVAL 

P13-40 Mora 40 
EEMLAB: A SOFTWARE TOOL FOR FLUORESCENCE EXCITATION 

EMISION MATRICES ANALYSIS FOR AOPs TREATMENT 

P13-41 Albahaca 41 
DEGRADATION OF BEZAFIBRATE WITH AOPS: COMPARISON OF 

DIFFERENT PHOTOREACTORS 

P13-42 G. Vargas 42 
PHOTOCATALYTIC DEGRADATION OF ACETAMINOPHEN USING TiO2 

NANOTUBES GROWTH ON Ti6Al 4V BY ANODIZATION  

P13-43 Tsoumachidou 43 
GREYWATER AS AN ALTERNATIVE WATER SOURCE: 

HOMOGENEOUS PHOTOCATALYTIC MINERALIZATION OF 

SIMULATED DOMESTIC WASTEWATER 

P17-1 Martins 44 
REMOVAL OF EMERGING CONTAMINANTS FROM WATER BY 

INTEGRATION OF NANOFILTRATION AND OZONE BASED 

PROCESSES 

P17-2 Tobajas 45 
COUPLING FENTON AND BIOLOGICAL OXIDATION FOR THE 

REMOVAL OF 1-ETHYL-3-METHYLIMIDAZOLIUM CHLORIDE  

P17-3 
Pňziak-

Kowalska 
46 

THE ELECTROCHEMICAL OXIDATION PROCESSES COMBINED WITH 

BIODEGRADATION APPLIED FOR REMOVAL OF HERBICIDAL IONIC 

LIQUIDS ï NEW POTENTIAL HAZARDS 

P17-4 Segundo 47 
MULTISTAGE TREATMENT STRATEGY FOR A LEACHATE FROM AN 

INDUSTRIAL HAZARDOUS WASTE LANDFILL WITH HIGH AMOUNTS 

OF SULFUR COMPOUNDS 

P17-5 Ruiz Delgado 48 
LANDFILL LEACHATE TREATMENT AND REUSE FOR NUTRIENT 

RECOVERY BY COMBINATION OF ADVANCED TECHNOLOGIES 

P17-6 BiliŒska 49 
COUPLING OF ELECTROCOAGULATION AND OZONE TREATMENT 

FOR TEXTILE WASTEWATER REUSE 

P17-7 Drzewicz 50 
IMPACT OF FERRATE(VI) ON BIODEGRADATION OF OIL 

CONTAINING DRILLING WASTE FROM SHALE GAS EXPLORATION 

P17-8 Mu¶oz Morales 51 
ELECTROCHEMICAL OXIDATION OF NON-AQUEOUS SOLVENT 

POLLUTED WITH LINDANE 

P17-9 Oulego 52 
AOPs AS PRETREATMENT TECHNIQUES FOR ANAEROBIC DIGESTION 

LIQUOR 

P17-10 Ver®b 53 
ADVANTAGES AND DISADVANTAGES OF UV-C AND NEAR UV LIGHT 

SOURCES USED IN PHOTOCATALYTIC MEMBRANE REACTORS 

P17-11 Faria 54 
BEZAFIBRATE REMOVAL BY COUPLYNG OZONATION AND 

PHOTOCATALYSIS 

P17-12 
Cruz del 

Ćlamo 
55 

REMOVAL OF PHARMACEUTICAL COMPOUNDS FROM URBAN 

WASTEWATER BY AN ADVANCED BIO-OXIDATION PROCESS BASED 

ON FUNGI TRAMETES VERSICOLOR IMMOBILIZED IN A 

CONTINUOUS RBC SYSTEM 

P17-13 
Cruz del 

Ćlamo 
56 

EXPLORING ADVANCED STRATEGIES FOR THE IN-SITU TREATMENT 

OF REAL HOSPITAL WASTEWATERS 

P17-14 Barbierikova 57 
MODIFIED NANOPARTICLES ï POSSIBLE METHOD TO INHIBIT 

CANCER CELL GROWTH 
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TUNGSTAOZONATION FOR ENHANCED WASTEWATER TREATMENT: KINETICS AND 

MECHANISMS FOR MICROPOLLUTANT ABATEMENT, OXIDATION BY-PRODUCT 

FORMATION AND TOXICOLOGICAL ASSESSMENT 

Urs von Gunten
a,b 

 

a
 Eawag, Swiss Federal Institute for Aquatic Science and Technology, CH-8600 D¿bendorf, Switzerland, 

(vongunten@eawag.ch) 
b
 EPFL, Swiss Federal Institute of Technology, CH-1015 Lausanne, Switzerland 

The presence of micropollutants in water resources and the urban water cycle from many sources 

such as agriculture, municipal wastewater and industry has raised concerns about the eco- and 

human toxicity of these compounds. The options for the reduction of the micropollutant load are 

manifold and range from source control (e.g., stricter regulations) to end of pipe solutions 

(wastewater and drinking water treatment). In Switzerland it has been decided to upgrade municipal 

wastewater treatment plants with an additional polishing step, either by ozonation or by activated 

carbon (powdered activated carbon, granular activated carbon) to reduce the discharge of 

micropollutants to the aquatic environment [1]. This talk will focus on ozonation.  

The efficiency of the transformation of micropollutants by ozone can be quantified by reaction 

kinetics. In literature, there is a large database of second order rate constants for ozone reactions. 

Alternatively, unknown rate constants can be determined experimentally, by quantitative structure 

activity relationships or quantum chemical calculations [2, 3]. Ozonation rarely leads to a 

mineralization of organic compounds, but transformation products are formed. A combination of 

advanced analytical techniques with knowledge on reaction mechanisms allows an assessment of 

these products. Recently, we have developed a pathway prediction tool, to evaluate the formation of 

such transformation products automatically [4]. This tool gives valuable information to researchers 

and practitioners regarding the possible formation of transformation products.  

Another aspect that needs to be considered during ozonation is the formation of oxidation by-

products such as bromate, which is formed from bromide. It has been shown that the bromide levels 

in municipal wastewaters can be significantly higher than in freshwaters/drinking waters due to 

discharge from e.g., chemical industry or municipal solid waste incineration [5]. Strategies for 

bromate minimization during ozonation of wastewaters have been developed and will be discussed.  

Finally, the effects of the transformation products should be kept in mind. It could be 

demonstrated for several classes of compounds, that generally, the original effect of compounds is 

abated significantly by just slight modifications of the structure of these compounds during 

ozonation [2]. However, it cannot be excluded and it has also been shown that more toxic 

compounds are formed during ozonation. To cope with all these issues, recently, a test system has 

been developed to assess the feasibility of an ozonation for a particular wastewater [6].   
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MULTIELECTRON REDUCTION OF OXYGEN IN PHOTOCATALYSIS: KINETIC STUDIES 

ON PHOTOCATALYTIC OXIDATION OF ORGANIC COMPOUNDS BY BISMUTH 

TUNGSTATE AND THE OTHER METAL-OXIDE PARTICLES 

B. Ohtani
a,b

, H. Hori
b
, M. Takashima

a,b
, M. Takase

c 
 

a 
Institute for Catalysis, Hokkaido Universiy, Sapporo 001-0021, Japan. 

b 
Graduate School of Environmental Science, Hokkaido Universiy, Sapporo 060-0810, Japan. 

c 
Graduate School of Engineering, Muroran Institute of Technology, Mizumoto-cho, Muroran 050-8585, 

Japan, (ohtani@cat.hokudai.ac.p) 

It has been believed that photocatalytic degradation of organic compounds under aerobic 

conditions proceeds through one-electron reduction of molecular oxygen to liberate superoxide 

anion radical especially in the cases in which titania is used as a photocatalyst.  As a visible-light 

responsive photocatalyst, flake ball (FB)-shaped bismuth tungstate (Bi2WO6: BTO) particles 

prepared by hydrothermal method exhibit photocatalytic activity for oxidative decomposition of 

organic compounds comparable to that of commercial titania photocatalysts, while the activity for 

methanol dehydrogenation is relatively low even in-situ loaded with platinum nanoparticles [1].   

These facts suggest that two (or four)-electron transfer to the surface-adsorbed oxygen (O2), 

requiring more anodic potential of electrons in photocatalyst particles, happens in FB-BTO without 

any co-catalyst loadings, while similar two-electron transfer proceeds with platinized tungsten(VI) 

oxide [2].  In this study, light-intensity dependence of the rate of acetic-acid decomposition was 

studied to obtain kinetic evidence for the multielectron transfer. 

FB-BTO, composed of particles of spherical assembly of BTO flakes, was prepared following 

the previous report [1].  As-prepared FB, its ball-milled samples (L and H) and their 773 K-calcined 

samples (500FB, 500L and 500H) were used for decomposition of acetic acid in aerobic aqueous 

suspensions under monochromatic photoirradiation by (A) a diffraction grating-type illuminator 

(max. 10 mW) or (B) a 365-nm UV-LED (max. 320 mW).  

It was found that order (n) of light-intensity dependences at four wavelengths (irradiation A) 

calculated by assuming; r = a Ĭ I 
n
 (r: rate, a: constant and I: light intensity).  Except for the 

samples L and H at 380 and 410 nm, BTO showed almost first-order light-intensity dependences at 

wavelengths between 320 and 410 nm.  With the higher intensity irradiation (irradiation B), the 

order was decreased to ca. 0.5 order for FB and L at a folding point.  As has been reported 

previously, photocatalytic acetic-acid decomposition proceeds through radical-chain mechanism 

with an alkyl peroxy radical as a chain carrier when titania was used as a photocatalyst, and the 

order of light-intensity dependence was ca. 0.5 [3].  The above-mentioned first-order light-intensity 

dependence for the most BTO samples can be interpreted by combination of second-order 

dependence for the accumulation of two electrons to reduce O2 and 0.5-order dependence owing to 

the radical-chain mechanism.  Difference in folding points of plots between FB and L was 

observed; a folding point for FB was appreciably lower than that of L.  One of the possible reasons 

for this difference is that the probability of the second-photon absorption by one photon-absorbed 

FB particle within its lifetime is higher than that of L particle owing to larger volume of FB 

particles [4]. 
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DEVELOPMENTS AND APPLICATIONS OF SULFATE RADICAL BASED ADVANCED 

OXIDATION PROCESSES IN REMOVAL OF ORGANIC CONTAMINANTS 

Xiaodi Duan
1
, Ruiyang (Ray) Xiao

2
, Dionysios (Dion) D. Dionysiou

1,* 

1
Environmental Engineering and Science Program, University of Cincinnati, Cincinnati, Ohio, USA, 

(dionysios.d.dionysiou@uc.edu) 
2
Institute of Environmental Engineering, Central South University, Changsha, China 

In this presentation, Prof. Dionysiou will discuss recent developments of sulfate radical (SO4
Å

) 

based advanced oxidation processes (AOPs) in removal of organic contaminants. The discussion 

includes four parts, 1) SO4
Å

 basics, 2) SO4
Å

 precursor activation methods, 3) degradation kinetics 

and mechanisms of organic contaminants by SO4
Å

, and 4) application of SO4
Å

 based AOPs in 

engineered systems. Emphasis will be exerted on different radical activation methods (e.g., 

transition metals, energy, alkaline, and other oxidants) and degradation mechanism elucidation from 

experimental and theoretical perspectives. Examples of the degradation studies cover a variety of 

persistent/emerging organic contaminants, such as pesticides (e.g., atrazine, endosulfan, lindane), 

cyanotoxins, representative pharmaceuticals and antibiotics, and model phenolic compounds. Prof. 

Dionysiou will also discuss about the environmental matrix effects on degradation kinetics of 

organic contaminants. The environmental matrices include surface water, groundwater, and 

industrial wastewater. The results in this presentation will be primarily from Dionysiouôs group and 

his collaborators, but he will also showcase important work from other research groups.   
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SEMICONDUCTOR ELECTROCHEMICAL WASTEWATER TREATMENT: FROM DESIGN 

CONCEPTS TO FULL-SCALE MANUFACTURING IN 5 YEARS 

Michael R. Hoffmann
a
 

a 
California Institute of Technology, Engineering & Applied Science, Linde-Robinson Labs, Pasadena, 

California 91125 

We have developed, tested, and implemented transportable reactor systems that have been 

designed for the onsite treatment of domestic wastewater.  After pre-treatment with a sequential 

anaerobic/aerobic baffled bioreactor, the effluent is processed sequentially through semiconductor 

electrochemical arrays where the COD and microbial loads are reduced to below US EPA reuse 

standards.  Special mini-reactors are used to convert the treated wastewater to handwashing and 

drinking water standards.   The treated black water is recycled into a flush water reservoirs without 

discharge to the surrounding environment.   Human wastewater can be clarified with the elimination 

of suspended particles along with >95% reduction in chemical oxygen demand (COD), and a total 

elimination of fecal coliforms, E. coli, viruses, and total coliforms.  Enteric organism disinfection is 

achieved for bacteria and viruses via anodic reactive chlorine generation from in situ chloride 

coupled with cathodic reduction of water to form hydrogen. Improvement of the performance and 

durability of the core semiconductor anodes along with materials modifications to lower their 

production costs ongoing. Second-and third-generation prototypes are undergoing field-testing in 

locations that lack conventional urban infrastructure for wastewater discharge and treatment; the 

packaged treatment systems can operate without an external source of electricity or fresh 

water.  Manufacturing and extensive field-testing in China is underway.   A Caltech-China joint-

venture company, Eco-San, has been established in Yixing, China to manufacture units for the 

developing world, while at the same time additional industrial collaborations have been established 

in India with ERAM Scientific and with the Kohler Company (USA/India) for production of units 

to be used in urban and peri-urban environments in India. At the current time, larger-scale units are 

constructed for use in South Africa, Peru, Southern China, and Cambodia. 
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THE ROLE OF EPR SPIN TRAPPING TECHNIQUE IN THE CHARACTERIZATION  

OF PHOTOGENERATED NON-PERSISTENT RADICAL SPECIES:  

fROM FUNDAMENTALS TO PROSPECTS AND PROBLEMS 

V. Brezov§, Z. Barbierikov§ 

Institute of Physical Chemistry and Chemical Physics, Faculty of Chemical and Food Technology, Slovak 

University of Technology in Bratislava, Radlinsk®ho 9, SK-812 37 Bratislava, Slovak Republic, 

(vlasta.brezova@stuba.sk). 

Although EPR spectroscopy provides a direct detection of free radicals, in the photochemical 

investigations we are often forced to use indirect techniques to observe the generation of non-

persistent paramagnetic species. A well established EPR spin trapping (ST) approach is based on 

the addition of unstable radical intermediates to diamagnetic nitrone or nitroso compounds (ST 

agents) forming relatively stable nitroxide spin-adducts detectable by cw-EPR [1]. The successful 

assignment of measured spectra requires systematic analysis and interpretation of the acquired data 

and careful choice of the spin trapping agent for specific experimental conditions. Wide range of 

spin traps is commercially available, offering different stability, solubility and selectivity towards 

free radicals; the application of various ST agents is recommended for the unambiguous 

identification of the trapped species. Spin traps possessing N-oxide and nitrone groups are mainly 

applied in the identification of oxygen-, nitrogen- and sulfur-centered reactive radicals, since the 

information on the structure of carbon-centered radicals obtained with these agents is limited. The 

application of nitroso spin traps can reveal the character of other nuclei in the vicinity of the trapped 

carbon [2,3]. While the failure to detect a spin-adduct does not automatically mean that radical 

species are not present in the investigated system, the observation of a spin-adduct does not 

necessarily imply the occurrence of a direct trapping process. The formation of spin-adducts may 

reflect not only the genuine spin trapping, but also the alternative reaction pathways such as the 

inverted spin trapping via radical cation of spin trap with subsequent nucleophilic attack, or 

Forrester-Hepburn mechanism via hydroxylamine intermediate oxidized to nitroxide radical (spin-

adduct) [1].  

In our contribution a brief background of EPR spin trapping technique is followed by the 

presentation of its potential to monitor the non-persistent radical species in a variety of 

photochemical or photocatalytic systems containing different solvents [2ï4]. 
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PHOTOELECTROCTROCHEMICAL WATER SPLITTING AT TITANIUM DIOXIDE:             

50-YEARS-OLD EVERGREEN  
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Since the pioneering work in 1967, water splitting at the UV-excited TiO2 has attracted 

tremendous interest of academic community. Electrochemical tuning of Fermi level in TiO2 

provides valuable tool for control and investigation of this reaction. The position of conduction 

band (CB) edges in anatase, rutile and crystals with distinguished facets was a subject of conflicting 

debate in the past.[1] Photoelectron spectroscopy and most DFT simulations show that CB of rutile 

lies at higher energy (lower electrochemical potential), but the flatband potentials measured by 

electrochemical impedance spectroscopy support just the opposite. The controversy can be 

explained by taking into account the adsorption of OH
ï
 and H

+
 ions from the electrolyte solution on 

the electrode surface.[2] While TiO2 is traditionally regarded a semiconductor electrode, we have 

recently demonstrated metal-like electrochemical properties of special Ta-doped, optically 

transparent thin films of TiO2 (anatase) with conductivity comparable or even better than that of F-

doped SnO2 (FTO) [3]. These quasi-metallic TiO2 films surprisingly show significant UV-

photocurrent of water oxidation, and rectifying function for redox couples with highly positive 

electrochemical potentials.[3] Theoretically constructed volcano plot of the hydrogen evolution 

activity pinpoints the (101) face of anatase as the primary site for water reduction, and in-situ 

differential electrochemical mass spectroscopy confirms selective formation of H2 at this 

face.[4] In turn, the water oxidation to O2 and H2O2 is favored on the (110) and (001) faces, as 

confirmed by the analysis using rotating ring/disc electrode (Pt-ring/photoexcited-TiO2-disc).  
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Ionic liquids (ILs) offer outstanding properties as media for the synthesis of nanoparticles (NPs). 

The low surface tension of many ILs leads to high nucleation rates and in consequence to small 

particles. The IL can act as electronic as well as steric stabilizer and depresses the tendency for 

particle growth. A new approach in synthesis of NPs in ILs is the sonochemical route. Tailor-made 

ILs can act as solvent, surfactant, and template in the synthesis offering a high potential for low-

temperature syntheses of mesoporous mixed metal oxides for photocatalysis. We employed 

sonochemistry for the synthesis of nano-ATiO3 (A = Sr, Ba, Ca) in ILs; the obtained nanopowders 

were tested for their photocatalytic activity, e.g for the degradation of dyes, but also the solar-light 

induced formation of H2 [1]. 

By choice of the IL it is possible to tune the crystallinity, surface area, morphology and 

preferentially expressed facets of the obtained material. SrTiO3 prepared in [C4mim][Tf2N] showed 

the higest crystallinity, while SrTiO3 prepared in [C3mimOH][Tf2N] was the least crystalline 

material. In all the explored ILs nanospheres of about 15-20 nm in size were formed, the variation 

of the IL cation allowed for controlling the agglomeration for these particles from well isolated 

nanospheres (from [C3mimOH][Tf2N]), to aggregates which were cube-, raspberry- or ball-like 

from [C4mim][Tf2N], [C4Py][Tf2N] and [P66614][Tf 2N], resp..  

SrTiO3 made in [C4mim][Tf2N] 

exposed preferentially {110} facets 

leading to superior photocatalytic 

activity for H2 evolution. In contrast, 

the {100} surface is known to be best 

for photocatalytic oxidation of organic 

molecules [2]. Using 

[C3mimOH][Tf2N] as IL in the 

sonochemical synthesis of SrTiO3 

preferential expressed these facets and, 

indeed, this material was most active 

for the degradation of dyes [3]. 

By combining microwave synthesis 

and use of ILs we also successfully synthesized other photocatalysts like stannates, e.g. SrSnO3, 

indates or Fe2O3. Recent literature reports on IL-assisted syntheses routes for e.g. niobates or 

Bi2WO6 [3]. These results will be discussed as well in the talk.  
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CO2 is rapidly increased as a result of fossil fuel combustion processes and is a signicant 

contributor to the greenhouse effect.  The challenge of CO2 reduction to chemical fuels has attracted 

considerable attention due to its potential for addressing the issues of depletion of fossil fuel and 

global warming. 

We had developed p-type semiconductor photocatalysts and thire electrodes (Cu3Nb2O8 and 

Cu2ZnSnS4 modified with buffer layers) whose conduction potential is high enough for CO2 

reduction
1,2

. 

After examining a number of p-type semiconducting metaloxides, we successfully developed a 

new p-type Cu3Nb2O8 photocathode that was fabricated through spin coating by a metal 

organicdecomposition method.  The Cu3Nb2O8 photocathode showed p-type property with 

confirming Mott-Shottkey analyses and exhibited a strong cathodic photocurrent.  The conduction 

band potential of p-type Cu3Nb2O8 was estimated to be ï1.21 V vs. NHE at pH 7 with its 

conduction band edge located at a more negative potential than the reduction potential of CO2 to 

CO.  Photocurrent response for CO2 reduction was observed and the CO was obtaiened as the main 

product by utilizing the Cu3Nb2O8 photocathode under AM 1.5 G solar light irradiation. In this 

study, the photoelectrochemical properties of the p-type Cu3Nb2O8 photocathode are described in 

conjunction with optical, electrical and struc-tural properties, and characteristics of the p-type 

Cu3Nb2O8 photocathode for the photoelectrochemicalreduction of carbon dioxide are discussed. 

Cu2ZnSnS4 (CZTS) is one of the promising p-type semiconducting material for 

photoelectrochemical CO2 reduced devices due to its rather high conduction band potential, its 

ability to absorb visible light (optical band gap of 1.51 eV).  Improvement of photocurrent response 

of CZTS electrodes was observed by modification with different n-type buffer layers (CdS and 

In2S3) under visible light irradiation (420 nm < l < 800 nm) in aqueous media.  Compared to a bare 

CZTS electrode, CZTS electrodes modified with n-type buffer layers (CdS and In2S3), by which a 

pïn heterojunction between CZTS and the n-type buffer layer is formed, a significant increase in 

the photocurrent was observed for CO2 reduction. In addition, product selectivity of CO2 reduction 

was improved by surface modification with an n-type buffer layer: that is, selective CO2 reduction 

into CO was achieved by using a CdS/CZTS electrode. On the other hand, HCOOH was obtained as 

CO2 reduced main product over an In2S3/CZTS electrode. In this study, we investigated the 

photoelectrochemical properties of CZTS electrodes modified with n-type buffer layers (CdS and 

In2S3) in conjunction with the structural and optical properties, and we investigated their activity for 

photoelectrochemical CO2 reduction. 
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The majority of published research on AOPs for water remediation is being performed in model 

aqueous solutions containing the contaminant under consideration. Most commonly, the 

contaminant is spiked in ultrapure water at concentrations that typically are several orders of 

magnitude greater than those found in actual environmental samples and its degradation is 

monitored during some kind of AOP operating batch-wise. This approach has certain advantages 

since a) it eliminates the interactions amongst the contaminant, the oxidative species and the 

constituents of more complex matrices (i.e. surface water, groundwater, municipal wastewater); b) 

it does not require sophisticated and laborious analytical techniques to monitor trace amounts of the 

contaminant; and c) data collection in batch or semi-batch systems is less time-consuming than in 

flow-through (i.e. continuous) systems. 

 Of the above, the quality of the actual water matrix is critical since not taking into account 

the various interactions is likely to lead to false conclusions. As a rule of thumb, degradation 

kinetics decrease with increasing matrix complexity, i.e. from pure water to drinking water that 

contains bicarbonates and other ions to wastewater that contains, besides ions, various humic-type 

substances. 

However, each rule has its own exceptions that are case-specific, i.e. they depend on the type of 

AOP and the contaminants in question. Some examples are as follows: 

a) The carbonate radical is a strong one-electron oxidant exhibiting selective reactivity towards 

aromatic compounds. Moreover, the rate of carbonate radical recombination is two orders of 

magnitude slower than the respective rate of hydroxyl radicals, thus giving the carbonate radicals 

the chance to diffuse and react with the target compound [1]. Therefore and depending on the 

conditions in question, the detrimental effect of hydroxyl radical scavenging by bicarbonates may 

be counterbalanced by the oxidative action of carbonate radicals. 

b) Electrochemical processes occurring in a matrix containing chlorides generate primary and 

secondary oxidants such as free chlorine, HClO and/or ClO
-
, and ClO2

-
 [2]. These species are very 

active oxidants and their presence usually offsets the partial loss of hydroxyl radicals that are 

scavenged by chlorides to form chlorine radicals. 

c) In photochemical/photocatalytic processes, the presence of humic acid may accelerate kinetics 

through various mechanisms including (i) sensitization of the photocatalyst, (ii) trapping of 

conduction band electrons, and (ii) generation of extra reactive oxygen species from humic acid 

photolysis [3, 4]. 

In this respect, the intriguing and, in several cases, unexpected behavior of the non-target 

constituents typically found in water matrices will be discussed in detail during this keynote lecture.  

References 

[1] G. Zhang, X. He, M.N. Nadagouda, K.E. OôShea, D.D.Dionysiou, Water Res. 73 (2015) 353. 

[2] I. Sires, E. Brillas, Environ. Intern. 40 (2012) 212. 

[3]  K. Vinodgopal, P.V. Kamat, Environ. Sci. Technol. 26 (1992) 1963. 

[4] Y. Cho, W. Choi, J. Photochem. Photobiol. A: Chem. 148 (2002) 129. 

 

  

 

KL5 



48 

DIFFERENT APPLICATIONS OF SOLAR PHOTO-FENTON PROCESS: ECONOMICAL 

APPROACH AND COMPARISON WITH OTHER AOPS 

S. Malato
a,b

, I. Oller
a,b

, S. Miralles-Cuevas
c
, M.I. Maldonado

a,b
, L. Perez-Estrada

a,b 
 

a
 Plataforma Solar de Almer²a-CIEMAT. Ctra Sen®s km 4, 04200 Almer²a, Spain. (sixto.malato@psa.es) 

b
 CIESOL, Joint Centre of the University of Almer²a-CIEMAT, 04120 Almer²a, Spain 

c
 Laboratorio de Investigaciones Medioambientales de Zonas Ćridas, LIMZA, Universidad de Tarapac§, Av. 

General V§squez 1775, Arica, Chile. 

The current lack of data for comparison of solar photocatalysis with other technologies definitely 

presents an obstacle towards industrial applications. One issue would be giving sound examples of 

techno-economic assessments, as such studies done with model effluents does not usually provide 

useful information for directly applied to real wastewater. 

One of the most important factors affecting the application of Advanced Oxidation Processes 

(AOPs) at full scale are the high operating costs, especially those associated with the cost of the 

reagents and the installations. Therefore, the optimization of operating parameters, such as 

minimization in reagents consumption to achieve the partial or complete decontamination of waters, 

the correct design of the photoreactor adapted to each type of wastewater, the combination with 

other technologies (biotreatment or separation processes as pre or post steps) and proper evaluation 

of results by advanced analytical techniques and bioassays, would be essential for attaining the 

lowest cost for any specific wastewater treatment. This work will overview the application of solar 

photo-Fenton (sPF) to detoxify different industrial wastewaters (IWW) and to remove 

microcontaminants (MCs) from of municipal wastewatersô effluents (EMWTP). These are two very 

different and extreme applications of sPF that need different technological approaches.  

IWW are much more diverse than EMWTP, which is usually qualitatively and quantitatively 

similar in its composition. Treatment of IWW is a complex problem due to the wide variety of 

compounds and concentrations it may contain. Chemical oxidation for complete mineralization of 

IWW is generally expensive because the oxidation intermediates formed during treatment tend to be 

more and more resistant to their complete degradation. Strategies based on integrated physic-

chemicalïbiological techniques for the treatment of different IWW containing a high organic load 

in a combined treatment line will be revised, as the key is to minimize residence time and reagents 

consumption in the more expensive AOP stage by applying an optimized coupling strategy.  

The economic assessment of different EMWTP treatment operating strategies based on sPF, 

ozonation, UV/H2O2, UV/S2O8 or combination of nanofiltration with sPF or other AOPs will be 

presented, including the use of raceway pond reactors as alternative to compound parabolic 

collectors (CPCs). Nowadays AOPs operated using electricity (as ozonation or UV lamps) instead 

of solar photons could be a good alternative as in many countries renewables energies are becoming 

an important source of electrical power, not being ñelectrical AOPsò necessarily related with CO2 

footprint. The comparison of these oxidation processes in terms of MCs removal effectiveness and 

treatment costs will be tackled.  

In general, the possibilities and capabilities of the conventional treatments available are widely 

known. However, information on the efficiency of the new technologies (AOPs) for eliminating 

certain specific pollutants present in wastewater compared to conventional options is necessary. For 

this reason, bench-scale and pilot plant studies are required to develop the technologies and 

generate information on new wastewater treatment processes. Such up-scaled studies are even more 

decisive when combining several technologies for decontamination of a specific wastewater, as it 

will be stated in this work.  
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Iron is the 4
th
 most common element amongst the ones contained in Earthôs crust. Its importance 

in nature was further verified in the the Fenton reaction more than 120 years ago, as well as the 

Haber-Weiss reactions, implicated in biological processes [1]. As such, its use as a catalyst in 

disinfection processes, withholds many complications, still not fully comprehended. This work aims 

towards the elucidation of the various mechanistic action modes of iron during bacterial 

disinfection, driven by the presence of solar light, and to critically present the effects of the rich 

photocatalytic facets of the same element, namely iron salts, iron oxides, and complexed iron. 

Among the existing works, the first distinction made deals with the water matrix acting as 

solvents of the disinfection process, namely distilled water (MQ) or natural waters. In pure water 

sources, iron salts addition in the bulk are documented to either penetrate the cell via transport 

mechanisms and proteins, or bind with the external surface of the bacterial cell wall [2]. The 

lifetime of this process is limited to minutes, before the transformation of cationic iron to insoluble 

forms due to the operational near neutral pH [3]. The presence of iron oxides on the other hand, is 

characterized by their potential action as semiconductors, since many iron oxides such as hematite, 

maghemite or w¿stite present potent band gaps (2.0 to 2.4 eV) [4]. In order to overcome the most 

common problems of iron precipitation in near-neutral pH, natural (citrate and others) and synthetic 

(EDDS) chelating agents have been used [5-7]. In natural waters, natural organic matter (NOM) has 

a double role in photo-Fenton disinfection: 1) detrimental as scavenger of reactive oxygen species 

(ROS) which are the main actors of the bacteria and virus inactivation; 2) beneficial by its 

participation in complexing iron, thus maintaining it in solution and feeding an efficient 

homogeneous photocatalytic cycle [2] and by generating ROS (i.e. H2O2 ) via the reaction of 
3
O2 

from air with photosensitized NOM. Towards iron oxides, it worth to consider its double action as 

heterogeneous photo-Fenton catalyst that take advantage of H2O2 generated by photo-excited NOM 

and as a semiconductor in a similar way that TiO2 but with a lower oxidative power of generated 

holes (h
+
). When H2O2 is added to enhance heterogeneous photo-Fenton action mode, even iron 

oxides with small band gap and fast recombination rates (e.g. magnetite) effectively lead to 

bacterial inactivation [4]. 

If a step-wise construction of the solar-assisted photo-Fenton is attempted, iron and H2O2 appear 

in various stages, even without its addition in the bulk [8,9]. Indeed, when solar light is provided in 

the solution, inactivation of ROS regulating enzymes takes place into the bacterial cell, leading to 

accumulation of H2O2 [10]. Considering that the Fe/S clusters and other iron-bearing proteins of the 

cell are destroyed by UVA part of solar light, liberating central Fe, an internal photo-Fenton is 

taking place, leading to bacterial inactivation [8]. Adding Fe in the solution will only aggravate the 

situation; Fe
2+

 transported into the cell further imbalances the internal ROS generation, Fe
3+

 binds 

to the cell wall, facilitating a lingand-to-metal charge transfer (LMCT) and reduces Fe
3+

 to Fe
2+

 

while damaging the cell wall [11]. Fe
2+,3+

 conversion to iron oxides, their presence or voluntary 

addition will induce semiconductor action mode, with oxidative damage from the holes (h
+
) and 

generation of ὕ  and 
1
O2 by the electrons reacting with O2 in the bulk, or HO

ǒ
, if H2O2 (from 

photo excited NOM or added ) is present [4] by heterogeneous photo-Fenton events; plus, enhanced 

photo-dissolution of iron into the bulk may lead also to important homogeneous contribution [4,12]. 

Last but not least, the presence of chelating agents in the bulk as NOM or added natural acids as 

citric [2,13] will prolong the aforementioned events in duration and facilitate their evolution up to 

alkaline pH values. The photo-activity of the complexes and their role as sacrificial electron donors 
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facilitates direct damage and generation of oxidized ligands, which in turn can contribute to the 

generation of further ROS [8].  

In conclusion, it is made clear that the possible positive implications of iron chemistry in the 

solar disinfection processes state the topic as a priority in investigation, competing with well-

established processes, such as TiO2 photo-catalysis, and challenges its further use towards chemical 

contaminants. New variations, such as ZVI, nano-oxides and other synthesized Fe0 forms will 

continue to draw the interest for scientific investigations, towards an economically viable solution 

for a field application.  
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The increase of life quality is not always followed by environmental policies capable to regulate 

the sustainable growth; consequently, the degradation of natural resources is frequently observed. 

Such degradation is particularly notorious in the contamination of waters from domestic, 

agricultural and industrial sources. The increasing complexity and toxicity of pollutants found in 

many industrial and agroindustrial effluents makes the use of conventional biological processes 

inconvenient. As a consequence, research and development of alternative technologies to treat 

pollutants in liquid phase has been growing, in particular technologies based on advanced oxidation 

processes (AOPs), aiming to achieve higher removal efficiencies and treatment capacities, milder 

process conditions and the reduction of costs. 

One of the most promising options for removal of toxic and non-biodegradable organic 

compounds from industrial wastewaters is destruction of these contaminants by means of catalytic 

wet-air oxidation (CWAO) [1]. In this process schematically presented in Fig. 1, the organic 

pollutants are oxidized by activated oxygen species in the presence of a solid catalyst, usually at 

temperatures of 403-523 K and pressures of 10-50 bar, into biodegradable intermediate products or 

mineralized into CO2, water and associated inorganic salts. In this talk, the performance of Ru/TiO2 

as well as recently developed nanocrystalline 

and metal-free TiO2-based catalysts [2] to 

promote deep oxidation of a variety of organic 

pollutants will be presented. Catalytic 

formulations will be discussed that allow long-

term operation of the reactor unit. Emphasis will 

be given to the treatment of aqueous solutions 

containing emerging contaminants, such as 

bisphenol A and 17ɓ-estradiol (E2). The acute 

toxicity and estrogenicity of feed and treated 

solutions will be discussed as a complement to 

chemical analyses for assessing the toxicological 

impact on the ecosystem [3]. One should note 

that before discharging treated wastewater 

streams to the environment, evaluations of the 

residual toxicity of solutions containing end 

products of CWAO process should be performed 

that are based on actual bioassays, and not only on the potential of the process for destroying the 

original material entering the process. 

References 
[1]  J. Levec, A. Pintar, Catal. Today 124 (2007) 172. 

[2]  B. Erjavec, R. Kaplan, P. Djinoviĺ, A. Pintar, Appl. Catal. B 132/133 (2013) 342. 

[3]  T. Tiġler, A. Krel, U. Gerģelj, B. Erjavec, M. Sollner Dolenc, A. Pintar, Environ. Poll. 212 (2016) 472. 

 

  

 

KL8 

 

Figure 1. Schematic drawing of a simple 

process for catalytic wet-air oxidation. 
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Photocatalyst activity indicator inks, paiis, can be used to assess both qualitatively and 

quantitatively the activity of both UV and visible light absorbing semiconductor photocatalytic 

films [1].  In this overview, depending on the time available, the basic principles of operation of a 

typical paii are presented, supported by spectrophotometric and photographic evidence.  The 

correlation between the rate of dye reduction of the dye ina paii and the rate of oxidation of a test 

organic pollutant, such as stearic acid, NO and methylene blue (MB), is explored [1,2].  The 

different types of paii developed to date are considered [1].  The potential use of a paii-based test as 

an ISO test for assessing the photocatalytic activity of film-based matearils, such as glass, tiles and 

paint is discussed [3].  The advantages of such an approach, compared to other ï well-established 

assessment techniques, such as the MB ISO test are listed.  The use of App technology and paiis 

and the first reversible, label-form paii will also be reported [4,5].  Finally, the recent use of a paii 

to: (i) assess the activities of highly coloured, including black, samples, using fluorescence [6], and 

(ii) details of the most recent use of paii technology to assess the activity of UV and visible light 

absorbing photocatalyst powders, will be discussed [7].   

 

 
 

Figure 1.: Recent paii developments: (a) the fluorecence to monitor activity, even in highly coloured 

samples [6] and (b) the use of pressed discs to assess the activity of powdered photocatalysts [7]. 
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Deploying photocatalytic technology for hydrogen evolution remains an area of high interest, 

depsite the significant challenges it presents. Since the initial work by Fujishima and Honda in 1972 

[1], water splitting has been heavily researched and it was this that also initiated the work into 

sacrifical electron donors, Z-scheme systems and alternative feedstocks. In recent years, a number 

of alternative compounds have been investigated as feedstocks for high value product conversion 

along with hydrogen evolution [2,3,4]. The stoichiometrically favourable reaction of glycerol to 

hydrogen has drawn much attention, however, cellulose based materials have also shown potential 

for use as a feedstock. Initially investigated in 1980 [3], photocatalytic conversion of cellulose can 

lead to the formation of not only hydrogen but a range of high value fermentable sugars suitable for 

bioethanol production. The challenge in conversion lies in the stability and insoluble nature of 

cellulose, which impacts both mass tranfer and light distriubion in relation to photocatalytic reactor 

design. 

Presented in this work is an investigation into both hydrogen and fermentable sugar production 

utilising a range of cellulose feedstocks, specifically focusing on the impact of cellulose forms I and 

II. The results have shown that the conversion of micro crystalline cellulose I to II (via onium 

hydroxide treatment), can significantly increase hydrogen evolution. In addition to this a range of 

sugars have been detected from liquid phase analysis including fructose, glucose and cellobiose 

along with longer chain cellodextrins, xylose and compounds such dihydroxyacetone and formic 

acid. The work has been completed over a standard 3 % Pt-TiO2 in a propeller fluidised photo 

reactor that eliminates mass transfer limitations and increases light penetration and distribution 

from two compact 36 W fluoroscent UV lamps. The range of sugars formed from various starting 

feedstocks has also allowed for the mechanistic oxidastion pathway to be proposed which can 

provide a valuable insight into TiO2-carbohydrate surface interactions.               
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PHOTOCATALYSIS BY SANDWICHED COMPOSITE PARTICLES COMPRISING OF Ag 
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Graphitic carbon nitride (g-C3N4), attracts a lot of interest currently in the context of solar 

induced water splitting. Less is known about its properties with respect to photocatalysis.  

Here we present a visible light active photocatalytic particles comprising of three entities: a 

nanometric-size core made of silver particles, an ultrathin layer made of silicon dioxide and an outer 

layer made of g-C3N4. The particles were characterized by XRD, UV-vis spectrometry, BET 

isotherms, BJH pore size-volume measurements, FTIR spectroscopy, HRSEM-EDS and HRTEM-

EDS.   

The activity of the sandwiched composite structures under visible light irradiation (ɚ > 400 nm) 

was compared with that of Ag nanoparticles, neat g-C3N4 (prepared by various procedures), Ag-

SiO2 and Ag-C3N4. This was performed by following the photocatalytic degradation of 4-

nitrophenol by UV-vis spectrometry and HPLC. It was found that the sandwiched system 

performed better than a core-shell structure made of Ag-C3N4. The reason for this effect, as well as 

the effect of the preparation scheme of C3N4 on its visible light activity will be discussed.            
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Because of its action on chemical compounds and microorganisms, photocatalysis using 

semiconductors was proposed long ago as an air-purifying means, which was presented as being 

robust, versatile and easy to operate. However, for this use, photocatalysis is impaired by (i) 

inherently low rates due to charge recombination, (ii) unavoidable formation of intermediate 

products, and (iii) final products, issued from some heteroatoms, that can form solid deposits on the 

photocatalyst. The effects on air purification of these latter two predictable, well-known drawbacks 

have often been underestimated. This talk will attempt to evaluate their impact.  

 Indoor air (1,2a,b,3,4). The formation of intermediate products, some of which can be toxic or 

irritating, is the key issue for obvious safety reasons. This precludes utilizing individual purifiers 

because their management cannot securely be left to the responsibility of the users. When the 

purifier is incorporated in building air ducts, adequate control can possibly be achieved permanently 

via proper sensors automatically adjusting the air flow to deliver healthy air; additionally, if the 

pressure drop enables it, the use of an adsorbing filter before air admission in the occupied spaces 

would be recommended. The main issue would then become the cost, which depends on the 

photocatalyst efficacy and its gradual decrease essentially due to solid deposits (including SiO2 

formed from Si-containing compounds present in the air (1)).  

 Outdoor air (2c). The photocatalytic rates are low because of the scanty % of UV radiation in 

sunlight. Additionally, because of the obvious need for the pollutants to be transferred to the 

photocatalytic surfaces, the potential effect of photocatalysis is limited to relatively confined spaces. 

Moreover, this space-restricted effect will be much decreased over time because of the deposition 

on the photocatalyst not only of photocatalytically-formed inorganic salts, but also of dirt. In 

addition, the release of intermediate products is insufficiently documented. Hence, the interest of 

photocatalytic materials for purifying outdoor air seems moot, despite claims.  

Air effluents (1,2a,3). The practicability of the photocatalytic treatment obviously depends on the 

effluent contents in pollutants and water vapor, the volume to be treated, and the quality of the 

treated air. If, after the trials, the treatment is thought to be viable for the selected effluent, the 

industrial environment will allow the necessary monitoring. Nevertheless, research aiming at 

improving the reactor design, the photocatalyst activity and lifetime can be needed for competing 

more efficiently with other processes on a case-by-case basis.  
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PHOTOCATALYTIC TRANSFORMATION OF C2Cl4 IN GAS PHASE UNDER UV-

IRRADIATED TITANIUM DIOXIDE  
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The photocatalytic transformation of chlorinated solvents has been the topic of numerous works 

since the first studies of the photocatalytic processes under irradiated semiconductors. A short 

review will be reported. As an example in the photocatalyzed transformation of perchloroethylene 

(PCE) in the presence of oxygen the Cl
Å
 radical has supposed to have a pivotal role in the first step 

of the degradation and in the successive transformation of the PCE by-products.[1]. Also in aqueous 

solution the role of halogen radicals was advanced to explain the formation of CCl4 from 

chlorinated methanes.[2] 

In this work we investigated the photodegradation of gaseous PCE on titanium dioxide films 

under UV light at 365 nm at the gas/solid interface. PCE conversion was carried out in a CSTR 

photo-reactor (Continuous Stirred Tank Reactor) [3] and the residual PCE leaving the reactor was 

properly detected using a PID detector and FTIR. The C2Cl4 photocatalytic transformation was 

investigated at different experimental conditions, such as at different PCE concentration, TiO2 

irradiated area, inlet gas flow and UV irradiance (WĿm
-2

). The water vapor has a detrimental role on 

the PCE transformation rate due to the competition with PCE adsorption on reactive sites. 

The rate and mechanism of transformation change when oxygen is present at high and negligible 

concentrations. Gaseous products of PCE degradation were determined: CO2, phosgene, carbon 

tetrachloride (CCl4), hexachloroethane (C2Cl6) and, at lower concentrations, trichloroacetyl chloride 

(TCAC) were identified as photodegradation products. In quasi-anoxic conditions significant 

amount of adsorbed organic compounds with molecular weights higher than that of PCE were 

produced on the UV-irradiated TiO2 surface and chloride ions are more accumulated at the surface, 

proof of the presence of a predominant reductive pathway. However, the addition of chloride ions 

on TiO2 surface does not increase the production of gaseous CCl4. 

The production of active chlorine (sum of Cl2, HClO and ClO
Å
) was investigated both in the 

presence of oxygen and in quasi-anoxic conditions. At low O2 concentration no gaseous active 

chlorine was determined, while a significant amount was measured in the presence of oxygen. By 

considering that in the absence of O2 the only possible form of active chlorine is Cl2, the 

experimental evidences underline that the produced active chlorine is HClO/ClO
Å
. Then chlorine 

radical has a minor role in the abatement of C2Cl4. 

These experimental data allowed us the identification of the main photodegradation pathways of 

PCE at high and low oxygen concentration giving intriguing and new insights into the 

photocatalytic transformation of chlorinated olefins from gaseous phase, putting the role of chloride 

radicals as reactive species back in a different perspective. 
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Many papers and reviews are published worldwide on the characterisation of photocatalytic 

devices and materials efficiency for VOCs treatment in indoor air. At the European level, some 

efforts are currently devoted to new standards for the comparison of the efficiency of commercial 

photocatalytic material/devices designed for various applications. Concerning photocatalytic air-

purifiers, the proposal (work item 386002 in the CEN/TC386 working Group 2) is based on the 

French AFNOR standard XP-B44-013. It describes the methodologies to be used in a laboratory 

airtight chamber to test prototype or commercial photocatalytic air cleaners (or mixed systems 

including a photocatalytic function) with a maximum flow rate of 1000 mį h
-1

 used for indoor and 

workplaces air treatment. This photocatalytic function is demonstrated by the mineralisation of 

model VOCs (mixture of heptane, toluene, acetone, acetaldehyde, formaldehyde) to CO2.  

Within two French projects, experimental data were obtained on the disappearance of the initial 

VOCs, but also on the identification of secondary species, on the mineralization rates, and on the 

Clean Air Delivery Rate (CADR) for a selection of commercial devices. These inter-laboratories 

studies proved the validity and the strength of this standard [1, 2]. Moreover, the safety of the 

commercial products was also assessed by the determination of nanoparticles release with ELPI 

(Electrical Low Pressure Impactor) giving the amount of nanoparticles as a function of size 

distribution. Several commercial photocatalytic devices and materials were compared under these 

conditions with special attention to formaldehyde production and degradation together with the 

behaviour of the usual mixture of VOCs. The materials/systems aging was also studied. These 

results were compared for the two best-performing devices with experiments in a pilot room (40 

m
3
) where air pollution was introduced through wooden floor and furniture in order to compare the 

efficiency of two previously selected air-purifiers. 

Efficient oxidation of higher weight VOCs was shown in both cases. The continuous formation 

of lighter VOCs (formaldehyde, acetaldehyde, aceton) at low concentration (less than the authorized 

ones i.e. 30 ɛg m
ī3

 for formaldehyde) was observed under real conditions, while they were 

completely degraded to CO2 in the standard experiments.All these data will be commented. 

 
Normalized closed 

chamber 

 
VOCs concentration 

under irradiation 

 
CO2 formation under 

irradiation  
Evalis pilot room 

 

[1] B. Kartheuser, N. Costarramone, T. Pigot, S. Lacombe, Environ. Sci. Poll. Res., 19, 3763ï3771 (2012). 

[2] N. Costarramone, B. Kartheuser, C. Pecheyran, T. Pigot, S. Lacombe, Catal. Today (2015) 252, 35-40, 

10.1016/j.cattod.2015.01.008). 

[3] N. Costarramone, C. Cantau, V. Desauziers, C. P®cheyran, T. Pigot, S. Lacombe, Environ. Sci. Pollut. Res. 

(2016) DOI 10.1007/s11356-016-7607-z.  

 

      KL14 



58 

PHOTOCATALYTIC AND ELECTROCHEMICALLY ASSISTED PHOTOCATALYTIC 

DISINFECTION OF WATER 

J. A. Byrne
 
 

NIBEC, Ulster University, Newtownabbey, United Kingdom.  

Since Matsunaga et al. first reported the inactivation of bacteria using TiO2 photocatalysis in 

1985 [1] there have been more than 1000 research papers published in the area. Heterogeneous 

photocatalysis has been shown to be effective for the inactivation of a wide range of 

microorganisms, including bacteria (cells, spores and biofilms), viruses, protozoa, fungi and algae 

[2]. In general photocatalytic disinfection in water requires at least tens of minutes of direct UVA 

exposure (using TiO2 as the photocatalyst) and it is considered to be quite a slow microbial 

inactivation process, as compared to e.g., UVC disinfection (seconds of direct exposure); however, 

the mechanism of photocatalytic inactivation is much different from that of UVC disinfection.  

Whilst the majority of papers published in on photocatalysis focus on the assessment of novel 

materials, new reactor systems or the effect of experimental parameters on the rate of inactivation, a 

significant number of studies have specifically investigated ROS interaction with the biological 

structures within microorganisms in an attempt to elucidate the mechanism resulting in the loss of 

organism viability; however, the exact sequence of events leading to loss of viability is not 

completely understood. Continued insight into the mechanisms of attack of ROS on 

microorganisms will allow researchers to optimize materials and reactor design to improve the rate 

and efficacy of photocatalytic disinfection.  

This paper will explore advances in photocatalytic and electrochemically assisted photocatalysis 

(photoelectrolytic) disinfection of water, the mechanisms involved, and some of the challenges to 

be addressed. 
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The ubiquitous natural abundance and the chemical and photochemical properties of Fe(III) 

species led to the achievement of numerous research projects since the 90ôs on the photochemical 

redox reaction of Fe(III) species in atmospheric, oceanic and surface waters [1]. Moreover, the 

important role of the Fe(III) speciation was clearly established. Due to its interesting properties, the 

use of iron in the advanced oxidation processes (AOPôs) has been extensively studied over the last 

two decades [2].  

In our group, iron species chemistry in water is in the centre of our research projects for 20 years 

and one our final goal is to develop original water decontamination processes. So, the present 

conference will provide an overview of the role of iron species in AOPôs (mainly Fenton like, 

photo-Fenton and persulfate activation processes) through the presentation of various research 

projects carried out in our groups [3 - 5]. The kinetic studies, the identification of generated radicals 

and the effect of the main physicochemical parameters were systematically performed to establish 

the mechanism of the different involved reactions and at the end to propose the most efficient 

conditions for water decontamination. Specific attention will be paid to the description of the 

various advantages and disadvantage of the use of iron complexes in such processes. 
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IMPROVED ELECTRON-HOLE SEPARATION/MIGRATION IN TiO2/REDUCED 

GRAPHENE OXIDE COMPOSITES FOR EFFICIENT PHOTOCATALYTIC 

DECOMPOSITION OF BISPHENOL A 
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SI-1001 Ljubljana, Slovenia, (gregor.zerjav@ki.si) 

Modification of TiO2 with reduced graphene oxide (rGO) enables that under UV light irradiation 

the electrons in the conduction band (CB) of TiO2 transfer to rGO. This results in slower electron-

hole recombination and increases the probability of their participation in oxidation and reduction 

reactions [1]. The optimal amount of rGO in the TiO2+rGO composite is of crucial importance 

because excessive amount of rGO can also exhibit negative influences: (i) light harvesting 

competition between rGO and TiO2 becomes progressively dominant, and (ii) excess of rGO in the 

composite can act as a charge carrier recombination center and promotes the recombination of 

electron-hole pairs [2]. 

In this study, we prepared TiO2 nanorods (NRs) by means of alkaline hydrothermal synthesis. 

The produced solids with amorphous shell and anatase core (a-TNR) and NRs with pure anatase 

TiO2 structures (TNR) were hydrothermaly decorated with different amounts of rGO to obtain 

TiO2+rGO composites. For both series of the TiO2+rGO composites, we investigated in detail how 

the increasing amount of rGO (from 1 to 9.2 wt. %) influence their structural and electrical 

properties, and how this manifests itself in the photocatalytic activity toward liquid-phase BPA 

degradation. The band structure alignment between TiO2 and rGO and charge migration in the 

catalysts were examined with the use of X-ray photoelectron spectroscopy (XPS), UV-Vis diffuse 

reflectance spectroscopy (UV-Vis DRS) and cyclic voltammetry (CV) techniques. 

HR TEM measurements showed that in the case of a-TNR+rGO composites aggregates of rGO 

were observed, whereas rGO was uniformly dispersed in TNR+rGO composites. The results of XPS 

and FTIR analyses show that graphene oxide reduction during the hydrothermal procedure was 

successful and there is a perfect band alignment between TiO2 and rGO. Ti-O-C bonds were also 

formed linking both components of the composites. Valence band maxima (VBM) values of a-

TNR+rGO and TNR+rGO solids are close to the VBM of rGO, which increases the life-span of 

electron-hole pairs by suppressing the recombination events. Reduced graphene oxide (rGO) acts as 

an electron shuttle, allowing the excited electrons flow from rGO to TiO2 nanorods in the contact. 

The electron-hole recombination is hindered, which implies that more electrons and holes can 

participate in the catalytic reaction. Hindered electron-hole recombination in TiO2+rGO composites 

compared to pure TiO2 was also confirmed by CV measurements. The electron-hole recombination 

is progressively hindered with increasing rGO loading up to 5 wt. %, whereas further increase of 

rGO content accelerates their recombination. In very good agreement with these findings are the 

photocatalytic oxidation tests, which show that in both series of composites the highest bisphenol A 

(BPA) degradation activity was achieved with the 5 wt. % rGO composite. Precisely tuned amount 

of rGO in the TiO2+rGO composites is of crucial importance for achieving optimal photocatalytic 

activity in BPA decomposition. 
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Among emerging water contaminants, poly- and perfluoroalkyl substances (PFASs) have gained 

growing attention because their environmental persistence, and resistence to conventional treatment 

technologies. The widespread use of PFASs in consumer goods and specialities has resulted in an 

important release of these compounds to the environment [1]. Furthermore, the occurrence in 

drinking water sources and the bioaccumulation of some PFASs have arisen the concern about their 

effects on human's health. U.S. EPA has established health advisory level at 70 mg/L of combined 

perfluorosulfonic acid (PFOS) and perfluorooctanoic acid (PFOA) in drinking water. European 

water policy has listed PFOS as priority substance, defining the environmental quality standard at 

6.5x10
-4
 Õg/L in inland surface waters. Therefore, it is neccesary to develop new effective 

technologies for the treatment at source of PFASs emissions [2] and for the remediation of already 

polluted sites [3]. Heterogenous photocatalysis has the potential to become a promising alternative 

for PFASs treatment. However, the low efficiency of the traditional TiO2 for PFOA degradation has 

been reported [2]. Nevertheless, the combination of TiO2 with graphene oxide (GO) could improve 

its photocatalytic features, by decreasing the high recombination of electron/hole pairs observed in 

TiO2 catalysts, and promoting its photoactivity under visible light irradiation [4]. 

This innovative work presents the photocatalytic degradation of PFOA in model aqueous 

solutions (0.24 mmol/L, volume = 0.8 L) by means of a composite catalyst based on TiO2 and GO. 

This composite was synthetized by hydrothermal method [4], and a thorough characterization of the 

structural characteristics of the material by AFM, SEM, TEM and XPS spectroscopy was 

performed. The catalyst concentration in the tests was 0.1 g/L, while the light source was a 

medium-pressure mercury lamp (Heraeus Noblelight TQ 150 z2). The TiO2-GO composite provided 

an unexpectedly high photoactivity, and 99.4 % of initial PFOA was eliminated after 12 h of 

irradiation. The PFOA abatement by TiO2-mediated photocatalysis was only 35.2%, working in the 

same experimental conditions. The progress of shorter-chain intermediate perfluorocarboxylates 

and the release of fluoride anions demonstrated the step-wise PFOA decomposition pathway by 

gradually losing a CF2 unit in each step, generating CO2 and F
-
 as end products of the degradation 

route. Furthermore, the TOC decay (65.6%) verified PFOA mineralization. These results hightlight 

the potential of the new TiO2-GO composites for the development of new photocatalytic 

technologies for the treatment of highly recalcitrant pollutants such as PFASs. 
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Water treatment has become unavoidable as result of increased standards of living and 

population growth. Heterogeneous photocatalysis has been used as a promising technology for the 

removal of a wide variety of recalcitrant organic water pollutants. Although titanium dioxide (TiO2) 

has gained special attention in the field of photocatalysis, some limitations may affect its 

applicability. The low photonic yield and negligible efficiency under visible light due to its wide 

band gap (~3.2 eV) led to an intensive search to find alternative photocatalysts.  Graphitic carbon 

nitride (g-C3N4) has been attracting much attention in a variety of (photo)catalytic applications
1
. 

Compared to TiO2, g-C3N4 presents a narrower bandgap of 2.7 eV, expanding the absorption from 

the blue side of the electromagnetic spectrum well in the visible, up to 450 nm (contrasting to the 

380 nm absorption edge of TiO2). In the present work, g-C3N4 prepared by thermal condensation of 

dicyandiamide
2
 (Fig. 1a) was thermally post-treated at 500 ÜC under different atmospheres (H2, N2 

and air). The resulting materials were used as catalysts for the photocatalytic degradation of phenol 

under Vis-LED irradiation (lexc=410 nm). Thermal pos-treatments under H2 and N2 increase the 

efficiency of g-C3N4, both in terms of the rate of phenol degradation and TOC removal (Fig. 1b). 

The best performing material was that obtained in air atmosphere, surpassing the benchmark TiO2-

P25. The results will be discussed in light of chemical, spectroscopic, and textural properties of the 

materials. 

 

 

Figure 1.: SEM image of g-C3N4 (a); apparent first order kinetic constant (kapp) and total organic 

carbon removal (TOC) for the photocatalytic degradation of phenol using Vis-LED irradiation (b). 
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The partial photocatalytic oxidation of 5-hydroxymethyl-2-furfural (HMF) in water suspension 

of carbon nitride was investigated. Different carbon nitride precursors were considered, being 

melamine the one yielding the most efficient photocatalyst. The obtained 30% selectivity of HMF 

oxidation towards 2,5-furandicarboxaldehyde (FDC) is higher than those reported up to now. The 

main drawback of the graphitic carbon nitride (g-C3N4) is its low specific surface area, but this 

problem was overcome by a facile thermal exfoliation procedure allowing not only to increase the 

reaction rate, but also to partially eliminate from the g-C3N4 surface uncondensed NH2 sites 

detrimental for the partial photooxidation of HMF to FDC. The thermal exfoliation of the g-C3N4 

samples showed under artificial light irradiation both an enhanced photocatalytic activity in the 

conversion of HMF and in the selectivity towards FDC (ca. 45 %) [1]. This was higher than that 

reported by using TiO2 (22 %) [2]. Photocatalytic experiments carried out under natural solar light 

irradiation showed that, despite the band gap energy of the carbon nitride allows the utilization of a 

small portion of visible light, the UV fraction of the solar spectrum contributed in a greater extent to 

the excitation of the photocatalytic material. The performance of the catalysts under real outdoor 

illumination reached a 50 % of selectivity versus FDC formation at 40 % of HMF conversion. The 

utilization of radical scavengers revealed that O2
Ā-
 was the main reactive species. The high 

selectivity of g-C3N4 in partial photooxidation was mainly due to its inability to generate 

unselective OH
Ā
, instead promoting the formation of highly efficient dehydrogenating O2

Ā-
 species 

by reaction of electrons with atmospheric O2. 
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The synthesis of different photocatalytic materials (or any other nanomaterials) is usually 

controlled by many parameters, including: the structure of the precursor materials, the nature of the 

used solvents, the type of the chosen additives, the crystallization parameters (temperature, 

duration, cooling and the nature of the medium). To obtain an efficient photocatalyst it is important 

to optimize all of the above mentioned materials, which can lead to a high amount of experimental 

work. 

To enhance the efficiency of the parameter optimization procedure, the Box-Behnken method is 

an appropriate tool, which was applied in the present work for the synthesis of nanostructured ZnO. 

Three different precursors (zinc acetylacetonate, zinc acetate and zinc chloride), two solvents 

(ethanol and water) and HF (with or without) were used to obtain the photocatalysts. The 

crystallization was carried out at 180 ÁC under hydrothermal conditions. The obtained powders 

were characterized, using XRD (X-ray diffraction), SEM (scanning electron microscopy), DRS 

(diffuse reflectance spectroscopy) and their activity was tested in the degradation of methyl orange 

under UV-A (ɚmax = 365 nm) irradiation. 

The black box was identified as being the structural and morphological properties. Therefore, in 

the optimization process, the input parameters were considered the initial reactants (precursors, 

solvents and shaping agent), while the output was considered the obtained activity. Hence, a 

specific amount of experiments was carried out in order to feed the model the initial data. This was 

followed by the prediction of new materials using the Box-Behnken approach, which were obtained 

and the modell was successfully verified. 

The present work pointed out the photocatalyst synthesis can be brought to a more efficient level 

using smart synthesis approaches based on different modelling approaches. 
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Titanium dioxide has attracted great amount of interest as a photocatalyst due to its activity for 

breaking water into oxygen and hydrogen under ultraviolet light irradiation. However, its overal 

efficiency for solar-driven applications is very limited and much effort has been made to improve 

its optical absorption with metals, non-metals or self-doping. Recently, the discovery of black TiO2 

with its substantially enhanced solar absorption has triggered a world-wide research interest. In 

spite of their remarkable enhancement in visible light absorption, black TiO2 has demonstrate 

expected photocatalytic activity in visible light region due to the presence of high number of 

recombination centers. 

This work deals with fabrication of black titanium dioxide thin films by a novel high-power 

impulse magnetron sputtering method (HiPIMS). The material possesses an optimum band gap, 

oxygen vacancies and charge recombination centers. As prepared black TiO2 in combination with 

hydrothermally treated TiO2 nanorods shows significantly improved photoelectrochemical 

performance. The synergistic effects enable the black TiO2 material to show excellent hydrogen 

production ability. The HiPIMS was successfully used for preparation of hematite [1, 2] and 

titanium dioxide [3] thin films for the photoelectrochemical water splitting application. The 

HiPIMS deposition technique has a distinct advantage of producing smoother, denser films of 

enhanced crystallinity. This is due to high energy pulses in a short duty cycle which results in a 

dense plasma with a very high degree of ionization depending on sputtered material. 

 

  
(a) XPS spectra of TiO2 and black TiO2 

prepared by HiPIMS 

(b) Photoelectrochemical measurements 
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The self-organized TiO2 nanotube layers prepared by electrochemical anodization of Ti 

substrates have attracted considerable scientific and technological interest over the past 10 years. 

This interest stems from the unique properties of the TiO2 nanotube layers and a broad range of 

consecutive applications including photo-catalysis, solar cells, hydrogen generation and biomedical 

uses [1]. The main drawback of TiO2 for light-driven applications, however, is that its 

photoresponse is limited only to the UV light (wavelengths < 390 nm). In order to extend the 

photoresponse to the VIS light, TiO2 has been doped by N [2] or C [3]. 

Except of doping, one of the most intriguing approaches to extend the performance in the VIS 

light (and extend the functional range of nanotubes in general) is to coat nanotube layers 

homogenously by a secondary material. It has been shown that additional ultrathin surface coatings 

of TiO2 by secondary materials such as Al2O3 [4], ZnO [5] or MgO [6] annihilate electron traps at 

the TiO2 surface and thus increase the photogenerated concentration of charge carriers. Recently, it 

has been demonstrated that just a single cycle of Al2O3 [7] or ZnO [5] deposited by atomic layer 

deposition (ALD) efficiently improves charge transport properties of the resulting heterostructures. 

The presentation will focus in detail on the coating of the nanotube layers by secondary materials 

using ALD. The deposited materials influence strongly the photo-electrochemical properties of the 

nanotube layers. Experimental details and some very recent photocatalytic [8] results will be 

presented and discussed. 
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The solar hardware for photocatalytic processes is based on TiO2 application - including aspects 

of optics, geometry and reactor materials ï and for the last 25 years pilot-scale CPCs have been 

used for both heterogeneous and homogenous photocatalytic processes [1]. From all AOPs, photo-

Fenton (PF) seems the most promising to be driven by sunlight since it uses UV and visible 

radiation up to 580 nm [1, 2], implying an opportunity for designing new effective photoreactors. 

An important hardware component of the solar photocatalytic system is the reflective surface 

representing a considerable fraction of the collector cost, hence there seems to exist an opportunity 

to study different reflective surface materials and design solutions for PF application. In this work, 

different reflective surface materials (anodized aluminum with [MS] and without protective coating 

[R85], soiled aluminum [R85s] and stainless steel [SS]) and reflector geometries (flat [F], single 

piece-double parabola [SP] and two pieces-double parabola [DP]) were tested aiming at urban 

landfill leachate decontamination by using a PF system. Furthermore, a new collector configuration 

using SS-SP reflectors was also tested at pilot scale. 

In order to evaluate the optical efficiencies ray trace analysis was performed for the different 

geometries and the specular reflectance (ɟS) of the different materials was determined. Additionally, 

to better compare the different photochemical reactors, ferrioxalate actinometric tests were carried 

out as a performance indicator. The non-coated anodized aluminum (R85) presents higher ɟS when 

compared to any other material tested, followed by coated aluminum (MS) and the soiled aluminum 

(R85s). According to the actinometric measurements performed the optical concentration ratio 

(CRo) (average flux over the receiver divided by the flux over the aperture (insolation)) obtained 

using the reflectors surfaces tested follows the sequence: R85-F (CRO = 0.57) < SS-F (CRO = 0.63) 

< R85s-DP (CRO = 0.71) < SS-SP (CRO = 0.74) < SS-DP (CRO = 0.78) < MS-DP (CRO = 0.89) < 

R85-DP (CRO = 0.95). These results are in agreement with the ray trace analysis and the materials 

ɟS values. 

For the PF trials performed with the leachate there is an increase of the treatment efficiency with 

the photonic flux increment for the different reflective surfaces. A reasonable linear correlation (R
2
 

= 0.881) between the pseudo-first order kinetic constants (k, min
-1

) and the photonic flux (W) for 

the different reflective surfaces tested was obtained. Against this expectation the R85-DP reflector 

appears to be an exception possibly indicating a light saturation effect. The PF reaction was more 

efficient using the new solar collector configuration (SS-SP), which is largely explained by the 

increment on the number of borosilicate tubes per square meter of collector surface when compared 

to MS-DP colectors, at similar costs. Furthemore, the new configuration results in a long term cost 

saving option due to the high durability of SS reflectors. 
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Electrochemical oxidation using boron-doped diamond (BDD) anodes has been proven efficient 

for the oxidation of persistent organic compounds from wastewater and could be considered as a 

suitable treatment to remove emerging and non-biodegradable pollutants as Ionic Liquids (ILs) in 

aqueous phase. This work studies the degradation of several imidazolium ILs by electrochemical 

advanced oxidation processes (electrolysis, electrolysis with H2SO4, photoelectrolysis and 

sonoelectrolysis).   

The ILs studied consisting of a cation, the 1-buthyl-3-methylimidazolium (Bmim), and three 

different anions (chloride (Cl), acetate (Ac) and bis(trifluoromethanesulfonyl)imide (NTf2)). The 

runs were carried out in a single compartment electrochemical cell equipped with a BDD anode at 

30 mAĿcm
-2

. The system operated in discontinuos mode using a peristaltic pump (50 L/h) and a 

thermostatic batch to maintain the temperature at 30 ÜC.  

Table 1 shows the removal of Bmim of each IL and their mineralization during electrolysis 

processes. Electrolysis, containing 3 gĿL
-1

 of H2SO4, was the most efficient process, which could be 

attributed to the high reactivity of the free sulfate radicals to oxidize organic matter. In the case of 

the degradation of BmimCl, the photo and sonoelectrolysis processes achieved a complete removal 

of Bmim at lower specific charge than electrolysis, being the anion Cl
-
 consecutively oxidized to 

ClO3
-
 and ClO4

-
. A different behavior is observed among the electrochemical processes applied for 

the degradation of BmimAc, where two organic molecules compete to be oxidized, where the 

acetate is completely removed at initial stages of the reactions. Finally, in the oxidation of 

BmimNTf2, the concentration of the anion remained unalterable regardless of the process tested, 

being NTf2
-
 a refractory compound to electrochemical treatments.  

Table 1.: Conversion of Bmim and TOC (Total Organic Carbon) of ILs solution (initial concentration 1 

mM) at a specific charge (Q) of 30 AhĿdm
-3
, during electrolysis, electrolysis + H2SO4, photoelectrolysis (UV 

lamp with 254 nm at 4 W) and sonoelectrolysis (high frecuency (10MHz) at 200 W).  

Ionic Liquid 
BmimCl BmimAc BmimNTf2 

XBmim (%) XTOC (%) XBmim (%) XTOC (%) XBmim (%) XTOC (%) 

Electrolysis 98 82 63 57 100 70 

Electrolysis + H2SO4 100 94 100 84 100 84 

Photoelectrolysis 100 82 83 55 100 67 

Sonoelectrolysis 100 82 100 79 100 75 
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This work analyzes the effect of the oxidant and catalyst dosages, as well as temperature, utilized 

to oxidize paracetamol by a photo-Fenton system, using a medium pressure lamp (UV=150W). The 

oxidant dosage (R=mol H2O2/mol paracetamol) determines the oxidation performance. Color 

kinetics indicate the degradation of paracetamol to intermediate species of colored nature 

(pyrogallol, benzoquinones, hydroxyhydroquinone). The color of the oxidized water shows its 

maximum intensity during the first 20 min of reaction. As the colored species degrade to carboxylic 

acids (colorless), the water fades following a potential evolution, where a residual color persists, in 

which the formation of ferric hydroxides contributes. The concentration of oxidant that leads to the 

maximum color formation corresponds to H2O2=8.0 mM. Similar results have been obtained by 

oxidizing phenol, allowing to consider that color is an indicator of the degradation path caused by 

the rupture of the bond between the amino group and the benzene ring, which generates an 

oxidative pathway similar to the proposed for the oxidation of phenol. The iron dosage and the 

temperature exert a catalytic effect in the decomposition reaction of the hydrogen peroxide to 

oxidative radicals. Experimentally, it has been estimated that the kinetic color formation constant kf 

(1/AU min) can be adjusted to a second order kinetics, presenting a catalytic dependence of the 

order of Fe
0.45

 y T
2.0

. 
 

  

Figure 1.: Changes of color during the paracetamol oxidation by a photo-Fenton system varying a) catalyst 

dosage (R=22.5 mol H2O2/mol paracetamol) and b) oxidant dosage (Fe=20.0 mg/L). (Pao=100.0 mg/L; 

pH=3.0; UV=150W; T=25.0ÜC). 
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Microbiological quality requirement for agriculture are usually established by international and 

local guidelines in order to minimize health risks and environmental impacts. Escherichia coli and 

Enterococcus faecalis are model indicator microorganisms of fecal contamination in water. 

Chlorination is the most common method used to inactivate pathogenic microorganisms in 

wastewater, however its use increases the toxicity of treated effluents due to the generation of 

disinfection toxic by products [1]. Other disinfection agent alternative  recognized in Europe is 

ozone, nevertheless it is not only an expensive treatment but also this method generated harmful 

products, as chlorination, affecting the aquatic organisms health [1]. For these reasons, solar photo-

Fenton process was studied as disinfection method in real effluents from urban wastewater 

treatment plants at neutral pH obtaining a total bacterial inactivation around 60 min in tubular 

reactors provided with compound parabolic collectors (CPC) [2]. Its efficiency is based on the 

production of non-selective and highly oxidizing hydroxyl radicals (HO
Å
) by reaction between iron 

and hydrogen peroxide under UV-vis radiation. A new alternative is proposed using raceway pond 

reactors (RPRs). Nowadays, these reactors are used for micropollutant removal in secondary 

effluents using solar photo-Fenton with successfull results [3]. Accordingly, the aim of this study 

was to evaluate the disinfection of a real secondary effluent of a municipal wastewater treatment 

plant by the solar photo-Fenton process at neutral pH in RPRs. Experiments were carried out in 

CPC and RPRs simultaneously, for comparison purpose. The concentration of total coliform (TC), 

E. coli and E. faecalis was monitored as faecal contamination models in wastewater since these 

microorganisms represent a wide number of pathogenic bacteria. Preliminary studies have 

demostrated that solar photo-Fenton led a total inactivation of studied bacteria in RPR in 80 min. 
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The homogeneous Fenton reaction as one of the most widely applied AOPs, produces highly-

reactive OH-radicals from H2O2 with high efficiency using dissolved iron salts as catalysts. 

However, it has also various disadvantages such as the production of iron sludge which must be 

disposed of.  

In this study, an accelerated catalytic Fenton (ACF) reaction was developed based upon a 

multicatalysis approach, which facilitates efficient oxidation of contaminants in water at trace levels 

of dissolved iron catalyst [1]. Beside the well-known Fe
II
/H2O2 catalyst/oxidant pair for production 

of OH-radicals, the ACF system contains Pd/H2 as additional catalyst/reductant pair for fast 

reduction of Fe
III

 back to Fe
II
. Fe

III
 reduction by activated hydrogen formed at the Pd surface 

accelerates the Fenton cycle and leads to faster contaminant degradation. By this means, the 

concentration of the dissolved iron catalyst can be drastically reduced to trace levels (1 mg L
-1

) 

below common discharge limits, thus eliminating the need for iron sludge removal. ACF provides 

fast degradation of the model contaminant methyl tert-butyl ether (MTBE, C0 = 0.17 mM), having 

pseudo-first order kinetics (kôMTBE = 0.061 min
-1

) and a half-life of 11 min with 1 mg L
-1

 dissolved 

iron, 500 mg L
-1

 initial H2O2, 5 mg L
-1

 Pd (as suspended Pd/Al2O3 catalyst) and 0.1 MPa H2, pH = 

3. 

In contrast to previous approaches for enhancement of Fenton oxidation by addition of 

reductants such as hydroxylamine [2] or ascorbic acid [3], the applied reductant H2 is inexpensive 

and leaves no residuals in the treated water. The effects of varying reaction conditions such as pH, 

H2 partial pressure and H2O2 concentration on MTBE degradation rates were studied. Results on 

kinetic deuterium isotope effect and quenching studies are in conformity with OH-radicals as main 

oxidant. The valuable, particulate and thus recyclable Pd catalyst was shown to be stable within 6 

cycles without significant loss in activity and very low metal leaching. In a first experiment using 

effluent from a municipal wastewater treatment plant (DOC content: 9.5 mg L
-1

) as water matrix for 

MTBE degradation by ACF, kôMTBE was still 79% of the value for deionized water as matrix, 

suggesting that the ACF process is relatively robust. 

In addition, the accelerated Fenton system can be utilized for one-pot reduction-oxidation 

processes for more efficient and safe degradation of halogenated contaminants (e.g. chlorophenols 

[4].  

This study thus illustrates that multifunctional catalysis can be a promising tool for the design of 

improved Fenton-like AOPs for degradation of persistent contaminants. 
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Photo-Fenton is one of the most widely studied among advanced oxidation processes and it  has 

been succesfully employed for the removal of many organic pollutants. It is based on a mixture of 

iron salts and hydrogen peroxide for generating highly oxidizing species, such as hydroxyl radical 

(ĿOH). The reaction is greatly enhanced by UV-visible irradiation and it is well established that the 

optimum pH for the photo-Fenton process is 2.8. This highly acidic pH represents a major drawback 

for the economic viability of this process. 

Several strategies have been tested to apply photo-Fenton at mild conditions, among them, the 

addition of complexing agents have deserved the attention of researchers during the last years. 

Some of the compounds that have been used as complexing agents are carboxylic acids (oxalic, 

citric), ethylenediaminetetraacetic acid (EDTA), ethylenediamine-N,N'-disuccinic acid (EDDS), 

nitrilotriacetic acid (NTA) or humic (like) substances. 

In this work, humic like substances (HLS) isolated from organic wastes have been employed as 

iron complexing agents to extend the range of applicability of photo-Fenton process to 

circumneutral conditions. HLS are obtained following a procedure that involves basic digestion of 

the organic waste, filtration to remove the insoluble fraction and a membrane process to concentrate 

the humic substances in the retentate, that are obtained upon evaporation of the solvent. 

 

Figure 1: Photo-Fenton degradation of a mixture of pollutants in presence (right) and absence (left) of 

Humic Like Substances as acomplexing agent at pH = 5.2. 
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At the present time there is a great concern about the environmental impact of emerging 

pollutants. These are chemicals that are not commonly monitored but have the potential to enter the 

environment and cause adverse ecological and human health effects. They can be released to the 

environment from different pollution sources: urban or industrial areas, diffuse sources through 

atmospheric deposition and crop and animal production [1].  In addition, their removal by 

conventional technologies, e.g.  wastewater treatment plants, is not effective and depending on their 

physical-chemical properties they are distributed on air, soil and aquatic ecosystems. According to 

last review performed by Richarson and Kimura [2] the main emerging pollutants can be 

categorized in: artificial sweeteners, nanomaterials, perfluorinated compounds, pharmaceuticals, 

hormones, by-product of drinking water disinfection, sunscreens/UV filters, brominated and 

emerging flame retardants, benzotriazoles and benzothiazoles, dioxane, siloxanes, naphthenic acids, 

algal toxins, ionic liquids and microplastics. 

Therefore, there is a vital necessity for the development of appropriated technologies for the 

treatment of these pollutants. Advanced Oxidation Processes (AOPs) have become an efficient 

alternative for the treatment of complex organic compounds. Among them, Fenton-based processes 

have gained the attention of the scientific community as a result of their versatility for their use in 

different liquid and solid matrixes [3,4].   

 The objective of this study was to evaluate the use of Fenton-based processes (e.g. Fenton, 

electro-Fenton, electrokinetic-Fenton, photo-Fentoné) in the restoration of aqueous and soil 

matrixes polluted with ionic liquids. These compounds are complex salts with low volatility and 

high solubility in water, which are being used instead of the traditional organic solvents. Although 

their utility is indubitable, their toxic effects and their high thermal and chemical stability make 

their treatment under the conventional techniques difficult . Initially, the remediation of aquatic 

environments polluted with ionic liquids was accomplished. The process was optimized based on 

the key variables of each process. The obtained results demonstrated that photo-Fenton and electro-

Fenton treatments are efficient techniques for the mineralization of these complex compounds in 

wastewaters. On the other hand, the electrokinetic-Fenton treatments were carried out in polluted 

soil and the in situ degradation of the pollutants was efficiently accomplished. 

The present research demonstrates the suitability of Fenton-based processes to remove the 

studied emerging pollutants from aqueous and solid matrixes. 
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Today, the production of an ever-increasing variety of chemical products has led to the ocurrence 

of hard-to-degrade organic molecules polluting the wastewater. The awareness of the society and 

the tightening of the legal framawork require the development of more powerful technologies for 

wastewater treatment at a reasonable cost. In this context, the advanced oxidation process stand out 

as an interesting approach. Among them, the Fenton reagent have been proved effective in the 

removal of recalcitrant organic compounds and is the base of a process applied on a industrial scale, 

the wet peroxide oxidation (WPO
È). Different reasons prevent its widespread application, among 

them the narrow working pH, the high cost of the H2O2 as well as the generation of considerable 

amounts of sludge due to the addition of Fe salts. The electro-Fenton (EF) can adress those 

problems by the in-situ generation of H2O2 and the regeration of the catalyst in the cathode. This 

process have proved to be very efficient in the treatment of both synthetic and real wastewater. In 

this work, we introduce a reactor design whose main feature is the use of a new aeration system, a 

jet injector based on the Venturi effect, to eliminate the need for a compressor and minimize the 

costs associated to its adquisition, maintence and operation [1]. 

 

 
Figure 1.: Schematic representation of the reactor proposed 

The double flow-through layout allow to locate the electrodes close with no increase in pressure 

drop as in parallel-plate microfluidic reactors. This way, low ohmic drop is obtained in the 

electrolyte and the reactor can be used to treat wastewater with low conductivity. Also, the anode-

cathode configuration minimize the parasitic reactions such as H2O2 and Fe
2+

 oxidation in the anode 

or H2O2 reduction to H2O in the in the cathode as well as maximize the concentration of Fenton 

reagents after the pass through the cathode. The aforementioned characteristics make this reactor 

truly promising for the abatement of organics.   
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The occurrence of pharmaceuticals in the aquatic environment has become a worldwide issue of 

increasing environmental concern. Advanced Oxidation Processes (AOPs) have the potential to 

play a major role in the demanded green wastewater treatment scenario. So far, photocatalysis and 

ozonation have received major attention but are restricted by the high energy requirements. In this 

context, Catalytic Wet Peroxide Oxidaton (CWPO) appears as one of the most cost-effective AOPs 

[1]. The application of iron minerals as catalysts is especially interesting given their 

environmentally-friendly character, high availability and low cost. In a recent work, we 

demonstrated the successful application of several iron minerals in the CWPO of industrial 

wastewaters containing phenolic compounds [2]. Herein, we explore the use of naturally-occurring 

magnetite, the most effective iron mineral among the ones tested so far [3], for the degradation of 

the highly persistent antibiotic sulfamethoxazole (SMX) under ambient-like conditions and 

circumneutral pH. The activity and stability of the catalyst have been demonstrated in different real 

aqueous matrices (wastewater treatment plant (WWTP) effluents, surface waters and real hospital 

wastewaters) where the removal of this kind of micropollutant is crucial. 

The mineral was fully characterized, demonstrating its crystalline character, an iron 

concentration close to the theoretical one (73% wt.), the typical low surface area of these materials 

(8 m
2
 g

-1
) and strong magnetic properties (77.7 emu g

-1
). CWPO runs were carried out in a glass 

batch reactor equipped with temperature and stirring control (700 rpm). The concentration of SMX 

was fixed at 5 mg L
-1

. The effect of several operating conditions, including reaction temperature 

(15-50 ÜC), catalyst load (CCat = 0.5-2 g L
-1

), H2O2 dose (50-300% of the stoichiometric amount for 

the complete SMX mineralization) and pH (3-7) were investigated. A reaction pathway was 

proposed taking into account the intermediates identified upon reaction. In this sense, SMX was 

firstly hydroxylated giving rise to several species of higher molecular weight. Notably, they were 

fastly removed by further radical attack, leading to the formation of short-chain organic acids, 

mainly formic, acetic, malonic and oxalic. Complete removal of SMX and the aromatic 

intermediates was achieved in 4 h reaction time using the stoichiometric dose of H2O2 (30 mg L
-1

), 

a magnetite load of 1 g L
-1
, pH 5 and ambient temperature (25 ÜC). The experimental data were 

successfully fitted by a pseudo-zero order equation, obtaining an activation energy value of 22 kJ 

mol
-1

. Strikingly, magnetite showed a fairly stable performance upon three sequential runs under 

these operating conditions, maintaing the rate constant almost unchanged (1.50 mg L
-1

 h
-1

) and 

showing negligible iron leaching (0.25 mg L
-1

). As a proof of concept, the process was applied in 

real water matrices. Remarkably, SMX was completely removed in surface and WWTP matrices 

without requiring longer reaction times. On the other hand, hospital wastewater led to a dramatic 

decrease on the oxidation rate of the pollutant due to scavenging effects. On the basis of these 

results, it is clear that application of CWPO with magnetite under ambient conditions represents an 

interesting alternative as tertiary treatment in WWTPs or even as a purification step in drinking-

water-treatment plants. 
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The integrated production of steel implies the generation of important amounts of by-products 

and wastes. In this sense, basic oxygen furnace (BOF) slags are by-products originated during the 

conversion of molten pig iron from the blast furnace into liquid steel. The amount of BOF slags 

generated per ton of steel produced amounts to 100-200 kg [1]. Such slags should not be stored for 

long periods of time, because they can create environmental problems, and these by-products need a 

lot of space in the disposal facilities. BOF slags are solids of high complexity, which are mainly 

composed of calcium oxide, magnesium oxide and metallic iron [2]. It is essential for modern 

industrial processes to be sustainable and environmentally-friendly, which involves the 

development of valorization strategies that allow increasing the life cycle of by-products. Currently, 

these slags are employed as secondary aggregates or sub-bases in civil engineering applications [3]. 

Nevertheless, as far as we know, there are no studies dealing with the use of BOF slags for the 

synthesis of iron nanoparticles with catalytic properties. 

In this work, the preparation of different iron nanomaterials using steel slags as precursor was 

thoroughly analysed. Various methods of synthesis, such as precipitation, sol-gel and 

microemulsion, were evaluated in order to obtain nanoparticles with ideal structural, textural and 

morphological properties to be used as heterogeneous catalysts for the wet oxidation of highly 

refractory wastewaters (landfill leachates). These nanoparticles were characterised by several 

techniques, including elemental analysis, X-ray fluorescence (XRF), energy dispersive X-ray 

spectroscopy (EDX), infrared spectroscopy (FTIR), X-ray diffraction (XRD), N2 adsorption-

desorption at 77 K, thermogravimetic analysis (TGA/DTG), scanning electron microscopy (SEM) 

and transmission electron microscopy (TEM). In all cases, the iron content of the nanoparticles 

varied between 15% and 40%. The minor constituents identified (<3.5%) were Al, Cr, Na, Mg, Mn, 

P, Ti and V. It should be noted that their presence is highly dependent on the steel slag used. 

Precipitation and microemulsion methods led to the formation of mesoporous nanomaterials with 

high surface area, 286.0 m
2
 g

-1 
and 179.8 m

2
 g

-1
, respectively. These solids exhibited good catalytic 

activity for the oxidation of landfill leachates, achieving COD and TOC reductions of 50% and 

44%, respectively, in 4 h. In absence of catalyst, at the same reaction time, the removals of COD 

and TOC were 25% and 19%, respectively. Besides, the biodegradability index (BOD5/COD) of the 

treated effluent was improved significantly, obtaining values two times higher than the initial one 

(BOD5/COD = 0.20) for 4 h of oxidation. Therefore, wet oxidation can be subsequently coupled to 

a biological process to complete organic load removal. 
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Hydrogen is a clean burning energy source and an essential oxygen scavenger used in corrosion 

control chemistry for nuclear power plants. Here, we report on the combustion rate of hydrogen in 

supercritical water (SCW). The reaction of hydrogen oxidation by oxygen is studied in a flow-

through reactor operating under continuous steady state conditions.  

One of the fundamental concerns in SCW oxidation studies is that the reactions of water with the 

surface materials of the reactor may impact homogeneous oxidation kinetics. To experimentally 

quantify this effect we have recently examined hydrogen production from deoxygenated SCW over 

stainless steel 316 and nickel-based Alloy 800H. We have found that the hydrogen release rates are 

significant, particularly during the initial period of oxidation of the bare metal surface. [1-2] This 

work is the key to our current investigation of hydrogen combustion, as it makes possible the 

estimation of dissolved hydrogen levels due to in-situ surface reactions with the SCW. In this study, 

the reactor tube constructed of Alloy 800H, was fed with oxygenated water until a steady state of 

complete surface oxidation was achieved. Concentrations of metals and oxygen at the exit of a 

reactor tube exposed to oxygenated supercritical water were monitored to study the initial stages of 

surface oxidation. The steady state condition is established when the oxygen concentration at the 

exit is approximately equal to that of the feed water, indicating that no further significant oxidation 

of the surface is occurring. Only then was hydrogen introduced into the system. By measuring 

hydrogen and oxygen levels in the reacting flow, and by accounting for the in-situ production, we 

evaluated the overall rate constants for the combustion reaction  

H2 (SCW) + İ O2 (SCW) = H2O (SCW),   

in which SCW denotes the supercritical water solvent. The rate of this pseudo first-order reaction 

is defined as the rate of consumption of hydrogen. Hydrogen released in-situ from the reactor 

surface is accounted for in the overall reaction kinetics. The activation energy for the homogeneous 

oxidation reaction is estimated to be 96.4 kJ mol
-1

. [3] This value is comparable with the activation 

energies obtained for other small fuel molecules. 
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Boron doped diamond (BDD) electrodes have shown having a large oxidation potential that 

could favour their application in special disinfection technologies. In case of chloride containing 

electrolytes, they are able to produce ozone and ClOx
-
 species. Nowadays, chlorine dioxide is a 

disinfectant of special interest because it produces disinfection by-products at lower extent 

compared to active chlorine species. The ClO2 generation is more efficient when chlorite solutions 

are electrochemically treated - even at very low chlorite concentration level [1]. 

Against this background, at mM concentration range, chlorite solutions (Roth) and ozone 

solutions (obtained by using a Sander ozone generator) were reacted at room temperature. ClO2 

concentration was analysed using a Specord 40 spectrophotometer (Analytik Jena). The reaction 

scheme is predominated by the formation of radicals [1]. Unfortunately, chlorite is only partially 

reacted to chlorine dioxide. In particular, chlorate is an undesirable inorganic by-product. In 

addition, special chlorite electrolysis experiments were carried out using dived and undivided cells. 

The lecture presents typical results of electrochemical and chemical experiments. Effi-ciency of 

reactions in terms of yield are presented 

and discussed. Maximum conditions exist 

(Fig. 1 with re-calculated values 

regarding dilution conditions). As a 

significant result, ways for enlarging 

chlorite conversion rate to chlorine 

dioxide are shown for the chlorite-ozone 

reaction. Results have a very good 

potential for developing a new 

technology for process water and 

wastewater disinfection. 

Figure 1.: Chlorine dioxide formation (re-

calculated) in supported ozonation (3.26 mM 

chlorite solution, room temperature). 
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Crude oil or natural gas extraction requires large quantities of water. As a result, during the 

processing of the hydrocarbon, reject streams named produced water (PW) are generated, whose 

composition is complex and highly variable depending on location [1]. The type and concentration 

of the disolved contaminants have a large impact on the most appropriate treatment required. The 

use of AOPs allows mineralization of dispersed and dissolved hydrocarbons presented in PW 

(BTEX, PAHs, organic acids and phenols as most representative ones); however, the type of 

constituents removed and the degree of removal can vary greatly in each technology, so that it is 

important to identify potential treatment technologies for a given application [2]. Ozone (O3) is one 

of the most powerful oxidants used to assist the mineralization of organic contaminants from 

wastewater but, even if ozonation has been well established for waste treatment, few applications 

has been reported for PW. Here we present different ozonation-assisted technologies as an effective 

tool to be included as a part of an integrated treatment solution for the PW polishing.   

The complexity of PW has been simplified by simulation of a synthetic wastewater composed by 

different groups of compounds: toluene, xylene, naphthalene, phenol, and recalcitrat molecules as 

acetic, propionic and malonic acids dissolved in seawater. Ozone, O3-H2O2, O3-Fe (both 

homogeneous and heterogeneous) and O3-UV-(TiO2) combinations were tested, the O3-H2O2 

system being the most efficient in the TOC removal. The effectiveness of the ozone-based oxidation 

processes was evaluated by analysis of global TOC, COD, BOD5, toxicity  and more specific 

parameters such as pollutants decayment after 2 hours of reaction.  

We found, for these specific waters, that single ozonation led to a TOC removal in a range of 10-

30% depending on the O3 dose, corresponding to total or partial removal of BTEX, PAHs and 

phenol, while acids remained in the solution. TOC removal was enhanced slightly (up to 35%) 

when Fe (either homogeneous or heterogeneous) was added to the solution, observing a partial 

acids degradation. Combination of O3-H2O2 led to a great improvement in the TOC removal in a 

range of 30 to 60% working at free pH (namely pH = 4.8). In this case, total removal of BTEX, 

PAHs and phenol was observed, while acetic acid was reduced to a ca. 50%. Subproducts of 

oxidation such as formic acid were also observed. Optimal conditions, in terms of TOC removal 

and H2O2 consumption, were found at pH = 10, obtaining a 80% of TOC removal with 4.8 gĿh
-1

 of 

O3 production and 1500 ppm of H2O2 compared to 57% when working at free pH with the same O3 

production and 2000 ppm of H2O2. That is, an optimal pH not only can improve both TOC removal 

and mineralization but also allows diminishing reactant consumption.  
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Reactive azo dyes, the most used synthetic dyes in synthetic-cotton textile industries, are known 

to have carcinogenic and mutagenic effects. Biological treatment of textile dye effluent is not only 

technically feasible and eco-friendly, but also provides a cost effective alternative [1,2]. However, it 

comes short in treatment of reactive dyes in textile wastewaters due to presence of refractory 

organics. On the other hand, ozonation is a promising method in degrading many toxic complex 

organic compounds, yet it is still not practical for chloride rich textile wastewaters due to formation 

of intermediate toxic chlorinated compounds [3,4]. In this study, use of divalent salts (NaSO4) as 

electrolyte in the reactive dyeing process to replace NaCl was evaluated for a pre-ozonation 

biological treatment configuration. The aim was to decrease oxidation of chloride to chlorine and 

thus control formation of refractory/toxic organics in the following ozonation process. For this 

purpose, ozonation was applied to both chloride and sulfate containing raw textile wastewaters. 

Subsequently activated sludge biological treatment was carried out for both pre-ozonated raw textile 

wastewaters. Treatment performances for ozonation and biological treatment processes were 

evaluated by monitoring toxicity (Daphnia magna and Microtox), oxygen uptake ratio (OUR), 

biological oxygen demand (BOD), color removal, chemical oxygen demand (COD), total organic 

carbon (TOC) and total organic halogens (TOX). After ozonation, due to the formation of 

chlorinated halogens, toxicity increased in chloride-containing raw textile wastewater. As a result, 

biodegradability decreased and inert COD concentration in biologically treated wastewater 

increased. In contrast, toxicity level of sulfate-containing raw textile wastewater decreased and its 

biodegradability increased following ozonation. As a result, much faster organic degradation and 

much less inert COD concentration were achieved after biological treatment. Results indicated that 

pre-ozonation biological treatment system may be economical for detoxification and advanced 

treatment of textile wastewaters if sulfate electrolyte is preferred in reactive dyeing baths.  
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Nowadays, synthetic dyes have been widely employed in textile, pharmaceutical, and food 

industries [1, 2]. Azo dyes cover more than half of the dye production [3], and the discharge of 

these dyes usually produced great damage to the eco-environment [4]. Moreover, these dyes are 

mostly bio-refractory and their degradation intermediates may be more toxic and carcinogenic [5]. 

Therefore, itôs an emerging challenge for efficient removal of azo dyes and more powerful methods 

are urgently required [6]. To the best of our knowledge, there is few report on the heterogeneous 

catalytic ozonation using bimetallic iron and cobalt supported on SBA-15 (Fe-Co/SBA-15) catalyst. 

In this study, the Fe-Co/SBA-15 particles were prepared and applied for the catalytic ozonation to 

remove Orange II in water. 
 

           
Figure 1.: Comparison of Orange II removal efficiency (a); Stability of the Fe-Co/SBA-15 catalyst (b) (C0 = 

100 mg/L, [O3] = 9.8 mg/L, Q = 30 L/h, [catalyst] = 1.5 g/L, T = 20 Ñ 2 
o
C, pH 7.0) Error bars represent the 

standard error of the mean for three replicates. 
 

As can be seen from Figure 1(a), the decolorization rate of Orange II with bimetallic catalyst 

(0.2302 min
-1

) was apparently higher than those of monometallic catalysts (0.1595 min
-1

 for 

Fe/SBA-15 and 0.1800 min
-1

 for Co/SBA-15). Specifically, the leaching concentration of bimetallic 

catalyst was much less than that of monometallic catalyst. Fe leaching was 0.21 mg/L for Fe/SBA-

15 and Co leaching was 0.16 mg/L for Co/SBA-15, while the leaching concentration of Fe and Co 

decreased to 0.05 mg/L and 0.03 mg/L respectively when Fe-Co/SBA-15 catalyst was applied. In 

addition, the removal efficiency was over 99.0% after 4 cycles (Figure 1(b)), confirming the high 

activity and high stability of Fe-Co/SBA-15, which appears as a promising catalyst for dye waste 

water treatment.  
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During the last decade, there is an increasing number of industrial applications based on 

photocatalytic materials oriented mainly towards air purification including self-cleaning concretes, 

photocatalytic cements and paints or indoor air purification systems. Although photocatalytic 

applications for water purification are fewer, there is an increasing interest on using photocatalysis 

for water treatment. The production of new photocatalytic materials that enter the market 

necessitates the use of a reliable and reproducible test method for the evaluation of their 

performance with relevance to water purification. Until now, only two ISO standards are available 

for assessing the photocatalytic activity of surfaces with regards to water purification [1,2]. In this 

frame, a new European standard for testing water purification performance of photocatalytic 

materials is under development by the European Committee for Standardization, Technical 

Committee 386 ñPhotocatalysisò Working Group 3 ñWater Purificationò (CEN TC386/WG3). The 

evaluation of the performance of photocatalytic materials in water purification is based on 

measurement of phenol degradation with UV irradiation under controlled conditions. The proposed 

standard method is applicable to materials in form of powders (suspensions in water, slurries).  The 

method has been evaluated in a round robin test within CEN TC386/WG3. A commercial TiO2 

photocatalyst (CristalACTiV
TM

 PC500) and the NIST SRM 1898 Titanium Dioxide Nanomaterial 

(reference material) were tested by seven laboratories in replicates following a specified protocol. 

Evaluation of results was based on the observed first-order rate constants, k of phenol degradation 

as well as on the ratios kc/kN of the commercial vs the reference material. All tests (N=38) using the 

two photocatalytic materials gave observable degradation rates (k > 0) and ratios kC/kN <1. These 

results indicate the methodôs potential for assessing the photocatalytic activity of materials and 

comparative evaluation with a reference material. A description of the proposed standard method 

and the detailed results of the round robin evaluation are presented. 
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